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Description
TECHNICAL FIELD

[0001] The present invention relates in general to production of ammonium phosphates from phosphorus-containing
solutions.

BACKGROUND

[0002] Phosphate rock (apatite) is the primary commercial source of phosphorus. The majority of the world’s phosphate
production is used to manufacture fertilizers to sustain agricultural production. The quality of phosphorus reserves is
declining and the cost of extraction and processing is increasing. Associated heavy metals like cadmium substituting
calcium can be present in phosphate rock at high levels requiring separation. Several countries restrict heavy metal
levels in fertilizers. For example, in Sweden P fertilizers having cadmium contents above 5 mg Cd/ kg P are imposed
with a tax. Some European fertilizer producers have switched suppliers importing only raw material that have set cadmium
limits.

[0003] All water-soluble phosphate salts such as soluble fertilizers are derived from phosphoric acid. Phosphoric acid
is produced commercially by either a 'wet’ or a thermal process. Wet digestion of phosphate rock is the most common
process. Thermal processing is energy intensive and therefore expensive. For that reason, quantities of acid produced
thermally are much smaller and mainly used for production of industrial phosphates.

[0004] Phosphoric acid for fertilizer production is almost solely based on wet digestion of rock phosphate. The process
is mainly based on dissolution of apatite with sulfuric acid. After dissolution of the rock, calcium sulfate (gypsum) and
phosphoric acid are separated by filtration. To produce merchant-grade phosphoric acid, high acid concentrations are
required and water is evaporated. Calcium sulfate exists in a number of different crystal forms depending on the prevailing
conditions such as temperature, phosphorus concentration in the slurry, and level of free sulfate. Calcium sulfate is
either precipitated as di-hydrate (CaSO,-2H,0) or as hemi-hydrate (CaSO,-2H,0). Phosphoric acid produced through
this process is characterized by a low purity.

[0005] All ammonium phosphate salts are derived from phosphoric acid. Merchant-grade phosphoric acid, having a
concentration of about 54% P,Og, is neutralized with ammonia to form either mono-ammonium phosphate (MAP) or di-
ammohium phosphate (DAP) by controlling the ammonia to phosphoric acid mole ratio during the neutralization process.
Ammonia is used in liquid or gaseous form. Liquid anhydrous ammonia is usually preferred since surplus heat from other
systems is necessary for vaporizing liquid ammoniainto agaseous form. The neutralization of merchant-grade phosphoric
acid with ammonia is usually performed in several stages using several reaction vessels. The mole ratio of ammonia to
phosphoric acid in the pre-reactor/s is normally held at a level which gives the maximum solubility for the slurry (between
1.4 and 1.45 for production of DAP and usually less than 1 for production of MAP). For operation control, the ammonia
to phosphoric acid mole ratio is determined by monitoring the pH of the slurry. Excess heat of reaction is removed from
the pre-neutralizer/s by adding water to the reactor/s. Evaporation of the water cools the slurry. As the mole ratio of
ammonia to phosphoric acid is increased over 1, un-reacted ammonia escapes from the reactor and the gaseous vapors
released must be scrubbed with an acid. The slurry from the pre-neutralization reactor/s which usually contain between
16 to 23% water is usually fed into an ammoniator-granulator to complete the addition of ammonia for the desired product.
Completion of the neutralization and additional evaporation of water results in solid particles being formed. Itis necessary
to recover the un-reacted ammonia from the gaseous vapors by scrubbing with an acid. Thereafter, the solid ammonium
phosphates are usually dried in a separate reactor to reduce moisture content. Loss of ammonia from the dryer is usually
recovered by scrubbing with acid. The solid ammonium phosphates are normally cooled by passing air through a cooling
reactor.

[0006] For several applications such as fertigation (the application of water-soluble fertilizers in the irrigation water)
and foliar fertilization (spraying fertilizers on leaves) there is a need for fully-soluble ammonium phosphates to avoid
clogging of the fertigation equipment by non-dissolved solids. Wet-process phosphoric acid contains a substantial amount
of impurities such as iron, aluminum, calcium, magnesium, cadmium, etc. which form water-insoluble solids upon neu-
tralization with ammonia and thus fertilizer-grade ammonium phosphates are not completely water-soluble. Therefore,
fully-soluble P fertilizers for fertigation purposes must be specially produced from purified phosphoric acid.

[0007] The currenttechnology for phosphoric acid purification is based on extraction of impure wet-process phosphoric
acid into an organic solvent (ketones, tri-alkyl phosphates, alcohols, etc.) followed by back extraction with water forming
a dilute and pure phosphoric acid which is thereafter concentrated by water evaporation. Purified phosphoric acid is
thereafter neutralized with ammonia forming fully-soluble ammonium phosphate products according to the procedure
described above.

[0008] In general, two processes for solvent extraction of phosphoric acid can be identified: a) partial extraction of
phosphoric acid from concentrated solutions, and b) complete extraction of phosphoric acid in the presence of other
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acids or salts.

[0009] Partial extraction of phosphoric acid from concentrated phosphoric acid produced by digestion of apatite with
sulfuric acid is the most common process. In this process, only part of the phosphoric acid is extracted into an organic
phase. The remaining non-extracted phosphoric acid together with metal impurities is used for production of low-grade
phosphate salts such as different fertilizers. Any solvent capable of solvating phosphoric acid can be used in this process,
both solvents that have a reasonably constant distribution coefficient down to fairly low concentrations such as alcohols,
and solvents which show very little extraction capacity for phosphoric acid below a specific threshold concentration, i.e.,
the distribution coefficient is very sharply concentration dependent such as for ethers, esters and selected ketones.
[0010] A different approach is to obtain complete extraction of phosphoric acid in the presence of high concentrations
of other acids or salts. The addition of a second acid such as H,SO,4 (US patent 3573005) or a salt such as CaCl, (US
patent 3304157) can improve the distribution coefficient (the distribution ratio of solute between the organic and aqueous
phases) of phosphoric acid even at fairly low phosphoric acid concentrations. Although the added acid is also extracted
by the solvent its proportion in the organic solvent is normally less than that in the feed solution. Suitable solvents are
alcohols, trialkyl phosphates such as tributyl phosphate, etc. which show reasonably constant distribution coefficients
down to fairly low phosphoric acid concentrations. The method is recommended for extracting phosphoric acid from
remaining impure phosphoric acid resulting from the partial extraction process. A main disadvantage of this approach
is that the final aqueous phase is rich in the added acid (i.e. sulfuric acid) or salts together with impurities, which might
not have a final use.

[0011] The disadvantages of the state-of-the art technologies for production of ammonium phosphates are numerous.
The phosphoric acid as produced from the gypsum filter is not suitable for direct manufacture of ammonium phosphate
salts. The acid must be further concentrated by water evaporation to a suitable phosphoric acid concentration (usually
about 54% P,0;5). Normally, concentration of phosphoric acid is done in three stages. The weak acid from the filter (28%
P,05) is evaporated to 40% P,O; in a single stage vacuum evaporator. The acid is then clarified to remove precipitated
solids and the clarified acid is then concentrated to 54% P,O5 in two stages. The inter-stage concentration is about 48%
P,05. The 54% P,05 acid is used for ammonium phosphate production according to the procedure described above.
[0012] To concentrate acids through evaporation is a very energy-intensive process. The amount of steam required
for concentrating phosphoric acid usually varies between 2.5 - 5 tons of steam per ton of phosphorus, depending on
production conditions. The energy demand for concentration of phosphoric acid is a major production cost. Expensive
equipment such as steam distribution systems, evaporators, effluent gas scrubbers, condensation systems, cooling
water systems, liquid effluent treatment systems and acid storage facilities are necessary for production of merchant-
grade phosphoric acid. Furthermore, additional equipment is needed for the neutralization of phosphoric acid with am-
monia in several stages, drying, cooling and scrubbing of ammonia from gaseous vapors. A major disadvantage is that
the quality of the ammonium phosphate product is set by the quality of the apatite raw-material. Produced ammonium
phosphates of fertilizer grade are generally contaminated with heavy metals such as cadmium and are not fully-soluble
and therefore not suitable for use in applications such as fertigation.

[0013] Production of completely-soluble ammonium phosphate salts (technical grade) is more complex and requires
purification of merchant-grade phosphoric acid by solvent extraction prior to neutralization with ammonia. The energy
costs for water evaporation in this process are much higher since the phosphoric acid needs to be concentrated twice:
a) the acid must be concentrated prior to solvent extraction, and b) the purified phosphoric acid is dilute and has to be
concentrated again by water evaporation. Additional equipment for production of fully-soluble ammonium phosphates
includes facilities for pretreatment prior to solvent extraction, liquid-liquid extraction equipment, liquid-liquid stripping
equipment and evaporators for concentrating purified acid.

[0014] US patent 3,298,782 describes a process for the purification of wet-process phosphoric acid which consists of
a) extracting phosphoric acid from an aqueous phase to an alcohol-amine organic phase, b) separating the alcohol-
amine phase from the aqueous phase, and c) recovering purified phosphoric acid from the alcohol-amine phase. The
main objective was to recover purified phosphoric acid by back-extraction with water. In the text it is also mentioned that
phosphate salts can be recovered from the alcohol-amine phase by reaction with a base. In one of the examples, an
agueous ammonia solution was used to strip the phosphate from the organic phase into an aqueous phase.

[0015] US patent 3,458,282 describes a method for purifying phosphoric acid by utilizing an amine dissolved in an
organic diluent (e.g. kerosene) as an extractant phase to remove either certain impurities from phosphoric acid or to
extract phosphoric acid from the aqueous phase. When phosphoric acid was extracted with the amine-diluent solvent,
the main objective was to obtain purified aqueous phosphoric acid by back-extraction with water, or to obtain an aqueous
phosphate salt solution by reaction with an aqueous base. In the patent text it is also mentioned that it may be possible
to remove phosphate from the amine by vaporizing off the organic diluent and treating the remaining material with an
aqueous solvent or a gas such as ammonia to precipitate phosphate. To vaporize and condense very large quantities
of an organic diluent such as kerosene is both costly and complex.

[0016] US patent 3,894,143 describes a process for obtaining crystallized ammonium phosphate of good quality from
wet-process phosphoric acid and ammonia. The process consists of a) forming a mixture of aqueous phosphoric acid
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and acetone in which all components are miscible with water, b) precipitating impurities by addition of ammonia and
separating the precipitated impurities to form a purified mixture, ¢) contacting the purified mixture with ammonia to
produce ammonium phosphate crystals and a supernatant liquid, and d) Separating the ammonium phosphate crystals
from the supernatant liquid and distilling the supernatant to separate the acetone for recycling. The disadvantages of
this method include distillation of large quantities of acetone, limited yield of ammonium phosphates, and production of
large quantities of dilute aqueous ammonium phosphate effluents. The process was therefore not applied in the industry.
[0017] Inthe publishedinternational patentapplication WO 2008/115121, amethod and an arrangementfor phosphorus
recovery are disclosed. Phosphorus ions are extracted from solutions by adsorbing phosphorus ions in a scavenger and
by releasing the phosphorus ions into an eluate during regeneration of the scavenger. The regeneration is performed
by ammonia. Phosphate anions are precipitated in form of tri-ammonium phosphate upon introduction of excess amounts
of ammonia. The ammonia remaining in solution after the precipitation of tri-ammonium phosphate is reused for regen-
erating the scavenger. Unfortunately, tri-ammonium phosphate is unstable at ambient temperature and atmospheric
pressure resulting in the decomposition of the crystal accompanied with release of ammonia. Such unstable crystalline
solid is not suitable for direct use in agriculture.

[0018] Inthe US patent 3,415,619, a process for making ammonium phosphate is disclosed. Water-soluble ammonium
phosphate is achieved by extracting a substantially iron-free aqueous phosphoric acid, derived from the reaction of
calcium phosphate-containing ore and a strong mineral acid, into a water-immiscible trialkyl phosphate extractant, sep-
arating the phosphoric acid-laden extractantfrom the residual aqueous phase, removing the calcium impurities therefrom,
contacting the phosphoric acid-laden extractant with anhydrous ammonia at a temperature of between about 20 and
90°C, and separating solid, water-soluble ammonium phosphate from the extractant. The solid ammounium phosphate
is indicated to be washed with low boiling hydrocarbon solvents to remove organic extractant adhesive thereto.

[0019] In the US patent 3,342,579, slowly soluble ammonium polyphosphate and methods for its manufacture are
disclosed. An apparatus has a vessel with an agitator and inlets for a superphosphoric acid and anhydrous ammonia.
The reacted material is filtered to obtain a solid product of crystals.

[0020] GB 636,035 discloses improvements of processes of producing diammonium phosphate. Mono-ammonium
phosphate is introduced into a solution of diammonium phosphate in a reactor and anhydrous ammonia is fed into the
reactor. Diammonium phosphate crystals are collected at the chamber bottom.

[0021] US 4,781,905 discloses a process for producing phosphoric acid and/or phosphates from wet-process phos-
phoric acid and an extractant therein. A crude acid is extracted with a water immiscible solvent mixture consisting of
mixed trialkyl phosphine oxide and a dilutent. A part of P205 in the crude acid is extracted into the solvent mixture and
the balance remains in the raffinate. Pure phosphoric acid or phosphates are produced by stripping the loaded solvent
with appropriate agueous phase and secondary calcium phosphate fertilizer is obtained by neutralizing the raffinate with
calcium carbonate.

[0022] EP 0248 256 A2 discloses a process for the production of ammonium phosphate where ore containing phos-
phate and calcium ions is attacked by with nitric acid, the resultant reactant mixture is treated with a polar organic solvent
to form an aqueous solution containing traces of solvent, impurities and calcium nitrate and an organic extract containing
phosphoric and nitric acid, the organic extract is purified and ammoniated to form a precipitate of the mono and/or
diammonium phosphate, a light phase containing the solvent, and a heavy aqueous phase containing ammonium nitrate
and ammonium phosphate, the light phase is separated and recycled to the extraction step, the ammonium phosphate
precipitate is separated from the heavy aqueous phase, the separated ammonium phosphate is washed, the washing
waters of the ammonium phosphate and part of the heavy aqueous phase containing ammonium nitrate and ammonium
phosphate is recycled to the purification step while the aqueous solution from the purification step is cycled into the
extraction step.

[0023] US 3,443,889 discloses a process for the manufacture of mono-ammonium phosphate crystals where the
crystals are washed with a saturated solution of ammonium phosphate.

[0024] There is a need for an improve method for production of fully-soluble ammonium phosphates such as mono-
ammonium phosphate (MAP) or di-ammonium phosphate (DAP), in which the costs associated with the concentration
of phosphoric acid by evaporation of water are excluded.

SUMMARY

[0025] A general object of the present invention is to improve methods and devices for production of ammonium
phosphate from phosphorus-containing solutions. A further object of the present invention is to provide a method for
production of fully-soluble ammonium phosphates without the need for concentrating phosphoric acid by evaporation of
water. Another object ofthe presentinventionis to provide a cost effective method for production of ammonium phosphates
without the need for drying and scrubbing ammonia from effluent vapors. A further object of the present invention is to
provide recovered ammonium phosphates in a form that easily can be utilized for fertilizing purposes.

[0026] The above objects are achieved by methods and devices according to the enclosed patent claims. In general
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words, in a first aspect, a method for production of ammonium phosphates comprises providing of a phosphorus-loaded
water immiscible liquid phase, adding of anhydrous ammonia to the water immiscible liquid phase, precipitating of mono-
ammonium phosphate and/or di-ammonium phosphate from the water immiscible liquid phase and extracting of the
precipitated mono-ammonium phosphate and/or di-ammonium phosphate from the water immiscible liquid phase. The
method further comprises controlling of a temperature of the water immiscible liquid phase during the adding and pre-
cipitating to a predetermined temperature interval.

[0027] In asecond aspect, an arrangement for production of ammonium phosphates comprises a mixing volume. The
mixing volume has an inlet adapted for a phosphorus-loaded water immiscible liquid phase and an inlet adapted for
adding of anhydrous ammonia into the water immiscible liquid phase. The arrangement further comprises a heat ex-
changer arranged in thermal contact with the water immiscible liquid phase. A controller is arranged for operating the
heat exchanger to keep the water immiscible liquid phase in the mixing volume within a predetermined temperature
interval. The arrangement also comprises a precipitate remover arranged for removing crystals of precipitated mono-
ammonium phosphate and/or di-ammonium phosphate from the mixing volume.

[0028] Preferably, the phosphorus is extracted into the phosphorus-loaded waterimmiscible liquid phase from solutions
by adsorbing phosphorus into a liquid scavenger having affinity for phosphorus, thereby creating the phosphorus-loaded
water immiscible liquid phase. The phosphorus is removed by the addition of anhydrous ammonia from the liquid scav-
enger during regeneration of the scavenger. The temperature of the liquid scavenger is preferably maintained below its
boiling point. The regenerated scavenger is preferably continuously recycled in order to extract phosphorus from further
feed solutions.

[0029] The separated crystalline ammonium phosphates are washed, preferably with an aqueous solution in which
the pH is controlled to a predetermined level. The scavenger initially adhering to the crystals is separated from the dense
aqueous phase in a phase separator. The so separated scavenger is continuously recycled in order to extract phosphorus
from a feed solution. The aqueous wash solution is also recycled for further washing.

[0030] The washed ammonium phosphate crystals are thereafter dried. The drying can preferably at least to a part
be performed by heat obtained from the heat exchange process cooling the mixing of anhydrous ammonia with phosphoric
acid.

[0031] The invention provides for extraction of phosphorus from process streams in form of high quality products such
as ammonium phosphate fertilizers in an environmentally friendly and cost effective way. The invention enables pro-
duction of MAP or DAP independent of the initial composition of the precipitated crystals. According to the invention,
phosphorus can be recovered as a concentrated, water-soluble, inorganic product of a high quality, i.e. high phosphorus
availability to plants and minor heavy metal contamination. Another advantage of the present invention is that it enables
to reuse the scavenger without the need for distillating large quantities of liquid scavenger.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The invention, together with further objects and advantages thereof, may best be understood by making refer-
ence to the following description taken together with the accompanying drawings, in which:

FIG. 1 is a block scheme of an embodiment of an arrangement for recovery phosphorus;

FIG. 2 is a block scheme of an embodiment of an arrangement for production of ammonium phosphates according
to the present invention;

FIG. 3 is a flow diagram of an embodiment of a method according to the present invention; and

FIGS. 4-5 are block schemes of other embodiments of an arrangement for production of ammonium phosphates
according to the present invention.

DETAILED DESCRIPTION

[0033] Throughout the drawings, the same reference numbers are used for similar or corresponding elements.
[0034] Some often used terminology in the present disclosure is to be interpreted as follows:

Scavenger- material having affinity for solute species, e.g. material adsorbing ions or acids, by ion association or
solvation mechanisms. The term comprises different kinds of extractants contained in solvents,

Solvent - A liquid phase, typically organic, which preferentially dissolves extractable solute species from an aqueous
solution.



10

15

20

25

30

35

40

45

50

55

EP 2 435 364 B1
Extractant - An active component, typically organic, of a solvent enabling extraction.

Solvent extraction (liquid liquid extraction) - The separation of one or more solutes from a mixture by mass transfer
between immiscible phases in which at least one phase typically is an organic liquid.

Regeneration - The displacement from the scavenger of the ions or acids removed from the process solution to
make the scavenger ready for reuse.

Diluent - A liquid, typically organic, in which an extractant is dissolved to form a solvent.
Raffinate - An aqueous phase from which a solute has been removed by extraction.

[0035] The main objective of the invention is to provide a simple and cost effective method for production of ammonium
phosphates. The method enables production of ammonium phosphates without the need for concentrating phosphoric
acid by water evaporation. Furthermore, the method enables production of fully-soluble and pure mono-ammonium
phosphate or di-ammonium phosphate salts.

[0036] One possible general approach to production of ammonium phosphates from phosphoric acid is to extract
phosphoric acid into an organic solvent and use ammonia as a mean to precipitate ammonium phosphates directly from
the organic phase. As will be found further below, use of anhydrous liquid ammonia or gaseous anhydrous ammonia
turns out to be favorable. Anhydrous liquid ammonia or gaseous anhydrous ammonia was not tested as a mean to
precipitate ammonium phosphates directly from an organic phase in the US patent 3,298,782 the US patent 3,458,282.
One reason for not testing such alternatives may be that there are several major difficulties associated with such general
approach such as non sufficient phosphoric acid loading in the organic phase at low phosphoric acid concentrations,
problems of heat generation and evaporation of the solvent, loss of expensive solvent adhering to precipitates, difficulties
to predict the form of precipitated ammonium phosphate, and difficulties to separate impurities. The difficulties are
described in the following text and must be overcome to give a commercially interesting approach. Solvents used for
purification of phosphoric acid such as ketones, tri-alkyl phosphates and alcohols require high concentrations of phos-
phoric acid in the feed solution in order to obtain a sufficient high phosphoric acid loading in the organic phase for a
liquid-liquid extraction process to be practical. The use of such solvents requires concentration of phosphoric acid by
water evaporation prior to phosphoric acid extraction.

[0037] Evenifsufficienthigh phosphoric acid loading can be achieved in the organic phase, for the liquid-liquid extraction
process to be practical, then the reaction of ammonia with concentrated phosphoric acid is known to be highly exothermic
which could lead to the evaporation of the solvent. Stripping a solvent, loaded with phosphoric acid, with an aqueous
base generate a substantial amount of heat. The problem of such heat generation is described in US patent 4,112,118,
which relates to a process for preparing phosphate salts from phosphoric acid extracted into an organic solvent by
stripping with an aqueous base. In order to minimize heat production the mole ratio of base to phosphoric acid had to
be reduced to between 0.1:1 and 0.5:1 in order to enable the process to be operational. This emphasizes the problem
with heat evolution and evaporation of the solvent when precipitating mono-ammonium phosphate (MAP) or di-ammonium
phosphate (DAP) with anhydrous ammonia directly in the organic phase since the ammonia to phosphoric acid mole
ratio has to be above 1. It is also difficult to predict the amount of heat generated when reacting anhydrous ammonia
and phosphoric acid in a specific solvent mixture since enthalpy data are specific for each solvent mixture and must
therefore be determined experimentally.

[0038] In addition to the difficulties due to heat generation and evaporation of the solvent, large amounts of solvent
are expected to remain adhering to the precipitated ammonium phosphate crystals and the loss of expensive solvent
mixture would be economically unacceptable, at least in some applications. Removal of adhering solvent by distillation
is difficult since the boiling point for solvents such as tributyl phosphate (289°C) exceeds the melting point for mono-
ammonium phosphate (190°C). Furthermore, the process must be controlled to produce stable ammonium phosphate
salts such as mono-ammonium phosphates or di-ammonium phosphates, which are the desired end products. Finally,
methods for removal of impurities such as metals, silica, fluorine, etc. must be identified in order for such a process to
be applicable.

[0039] All the now identified above mentioned difficulties led to that the above mentioned general approach was not
tested and not implemented in the industry prior to the present invention.

[0040] Here below, an embodiment of a process for producing ammonium phosphates from a phosphorus-containing
mineral according to the present invention is described in details in connection with Fig. 1. However, although being an
advantageous approach, the present invention is not limited to recovery of phosphorus from minerals, but is applicable
to many different systems providing phosphate ions / phosphoric acid. A similar process with minor modifications can
be used e.g. for extracting phosphorus from ash of incinerated sewage sludge, ash of incinerated animal by-products,
P rich streams within sewage treatment works, industrial effluents, etc.
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[0041] An embodiment of an arrangement 100 for recovery phosphorus is shown in Fig. 1. Apatite concentrate 2
obtained by the beneficiation of mined phosphate rock is subjected to digestion with sulfuric acid 1 in a digester 4
according to known methods giving digested apatite 3. Known process schemes include di-hydrate, hemihydrate, hemi-
hydrate-dihydrate, and dihydrate -hemihydrate processes. Calcium sulfate (gypsum) 5 and a phosphorous-containing
aqueous solution 7, in this embodiment phosphoric acid, are thereafter separated by filtration in a digester separator 6.
Thefilter-grade phosphoricacid 7 is optionally pretreated to remove impurities by known methods. The entire arrangement
for digestion of apatite 4 and separation of impurities 6 can be seen as a pretreatment for providing a feed solution to a
liquid-liquid extraction process, i.e. a phosphorus-containing aqueous solution 7. The feed solution is provided to an
arrangement 10 for production of ammonium phosphates, in this embodiment provided by liquid-liquid extraction. Liquid-
liquid extraction involves selective transfer of solute between two immiscible phases, an aqueous phase and an organic
phase. The two immiscible phases are first thoroughly mixed in order to facilitate the transfer of solute and then separated.
[0042] Inorderto recover phosphate from phosphorus-containing aqueous solution 7, a liquid-liquid extraction process
is utilized, where a feed aqueous solution containing phosphate ions / phosphoric acid is exposed to an organic phase
(herby named scavenger). The phosphate ions / phosphoric acid are thereby extracted into the scavenger. This is
described more in detail further below. In general terms, the arrangement 10 for production of ammonium phosphates
derives ammonium phosphate 9 from the phosphorus-containing agqueous solution 7, giving a remaining process liquid
8, which preferably can be reused together with the sulfuric acid 1 for further digestion.

[0043] An embodiment of an arrangement 10 for production of ammonium phosphates is illustrated more in detail in
Fig. 2. An extraction section 12 is arranged for allowing adsorbing of phosphorous from a phosphorous-containing
aqueous solution 7 into a liquid scavenger 15 having affinity for phosphorous. An aqueous solution depleted in phos-
phorous leaves the extraction section 12. When used in conjunction with the arrangement 100 for recovery phosphorus
shown in Fig. 1 the phosphorus depleted aqueous solution becomes the remaining process liquid 8. An outlet from the
extraction section 12 for scavenger 15 loaded with phosphorous is connected to an inlet 22 for a phosphorus-loaded
water immiscible liquid phase of a mixing volume 20, whereby the scavenger 15 loaded with phosphorous forms a
phosphorus-loaded water immiscible liquid phase 14. As also will be discussed further below, an inlet for scavenger 15
depleted from phosphorous 16 to the extraction section 12 is connected, at least indirectly, to the mixing volume 20.
This inlet for scavenger 15 depleted from phosphorous 16 is thus arranged for reusing regenerated scavenger 15 formed
in the mixing volume 20 for further adsorbing of phosphorous in the extraction section 12.

[0044] Any organic solvent (scavenger) capable of removing phosphorus from aqueous solutions can be used in the
liquid-liquid extraction of the extraction section. The mechanism of phosphorus extraction can be ion association, solvation
of phosphoric acid or both. The composition of the scavenger should be selected according to the concentration of the
phosphoric acid feed, presence of additional acids or salts, etc. in order to obtain a high loading capacity and an effective
operational extraction process.

[0045] Processing dilute phosphoric acid streams requires the use of scavengers with a strong extraction power for
phosphate. Liquid scavengers suitable for extracting phosphoric acid from dilute solutions are liquid amines. In general,
primary, secondary and tertiary liquid amines can be used. Amine extractants have a low water-solubility, good miscibility
with organic solvents, good chemical stability, high selectivity and a strong binding power enabling acid extraction from
very dilute solutions. Preferably, amines should be selected having a nitrogen atom attached to a large organic molecule
containing more than seven aliphatic or aromatic carbon atoms. Such organic amines are highly soluble in organic
solvents and almost insoluble in water. In contact with an acid containing solution, the amine base reacts with the acid
to form a protonated positive charge, which associates with the anion of the acid. Organic amines can extract more acid
than the stoichiometric ratio of 1 acid molecule per 1 molecule of amine through solvation of additional neutral acid
molecules. In concentrated phosphoric acid, up to four phosphate molecules are extracted per molecule of liquid amine.
High concentration of amines can polymerize to form a third, non-wanted, separate phase. However, the formation of
the non-wanted third phase can be avoided by dissolving the amines in another organic solvent which is a strong Lewis
base such as tributyl phosphate or alcohols. Mixtures of solvating extractants such as tri butyl phosphate and liquid
amines are preferably used together to efficiently extract phosphate at both high and low concentrations.

[0046] Solvating extractants are liquid organic molecules containing oxygen atoms (alcohols, esters, ethers, ketons,
trialkyl phosphates, amides, etc.) which interact with phosphoric acid to form H-associations. During this mechanism,
the extractant replaces part of the water molecules and solvates the phosphoric acid molecule in the organic phase.
The binding of phosphoric acid is weak through H-association. Solvating extractants can be divided into two groups: a)
solvents that have a reasonably constant distribution coefficient down to fairly low concentrations such as alcohols,
tributyl phosphate, etc., and b) solvents which show very little extraction capacity for phosphoric acid below a specific
threshold concentration, i.e., the distribution coefficient is very sharply concentration dependent such as for ethers,
esters and selected ketones e.g. methyl isobutyl ketone. For processing of filter-grade phosphoric acid it is preferred to
use mixtures of solvents that have a reasonably constant distribution coefficient down to fairly low concentrations such
as tributyl phosphate and liquid amines which have a strong extraction power for phosphate even at very low concen-
trations due to an ion association mechanism.
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[0047] By extracting phosphoric acid with two mechanisms coupled to each other, i.e., phosphate adsorption by ion
association and solvation of neutral phosphoric acid, mixtures of solvating extractants such as tributyl phosphate and
liquid amines such as trioctyl amine are effective scavengers both for highly concentrated as well as highly diluted
phosphoric acid streams. The distribution coefficients involved in acid extraction by such scavengers are high, which
means thatthe number of contact stages necessary, is low. The organic to aqueous volume ratio for extracting phosphoric
acid from filter-grade phosphoric acid having a concentration of 5M can be below 10:1 and preferably below 5:1. The
obtained phosphate concentration in the scavenger is preferably above 1M. In addition, mixture of solvating extractants
and liquid amines are selective towards anions and do not bind positively charged metals, which means that metal
contaminants are separated from the extracted phosphoric acid by remaining in the aqueous solution.

[0048] The filter-grade phosphoric acid is fed to a liquid-liquid extraction process characterized by the above described
scavenger. The liquid-liquid extraction process is preferably a continuous liquid-liquid extraction process using preferably
liquid-liquid extraction equipment such as pulsed-columns. However, any other liquid-liquid extraction equipment can
be used such as, agitated columns, non-agitated columns, mixer settlers, inline mixers, centrifugal contractors, etc.
[0049] The raffinate, which is depleted in phosphate, is further treated to remove metal precipitates. It can then be
used for apatite dissolution or gypsum washing, (see e.g. Fig. 1).

[0050] The scavenger which is loaded with phosphorus is optionally scrubbed to remove co-extracted impurities
forming a phosphorus-loaded water immiscible liquid phase.

[0051] Returning to Fig. 2, the phosphorus-loaded water immiscible liquid phase 14 is thereafter treated with anhydrous
ammonia to form crystalline ammonium phosphate directly in the scavenger. To this end, the arrangement 10 for pro-
duction of ammonium phosphates comprises a mixing volume 20 having an inlet 22 for the phosphorus-loaded water
immiscible liquid phase 14. The mixing volume has furthermore an inlet 24 for adding anhydrous ammonia 18 into the
phosphorus-loaded water immiscible liquid phase 14. Anhydrous liquid ammonia or gaseous anhydrous ammonia can
be utilized.

[0052] Inordertoform a solid ammonium phosphate crystal, several ammonia molecules react with several phosphoric
acid or hydrogen phosphate molecules to form a crystal structure by H-bonding of ammonium molecules to phosphate
molecules. The weak bonds easily dissociate in contact with water, which makes ammonium phosphate crystals highly
water-soluble. It is known that several crystalline ammonium phosphate solid phases can be obtained by contacting
ammonia, phosphoric acid and water at different concentrations and temperatures. The following crystalline solid phases
are known: (NH,);Hx(POy)3, (NH4)3PO,, (NH4)3PO,42H,O, (NH4)3PO,-3H,0, (NH4)HPO,-H,O,, (NH,),HPO,,
(NH,)oHPO4-2H,0, NH H,PO,, (NH4)3H(PO,4)4, NH4H5(PO4)5-HyO, and NH4H5(PO,),. Several of these crystalline
ammonium phosphates are unstable at ambient temperature and atmospheric pressure resulting in the decomposition
of the crystal into another structure accompanied with release of ammonia. Such unstable crystalline solid phases are
not suitable for use in agriculture.

[0053] Itis knownthat perfectly dry ammonia will not combine with perfectly dry hydrogen chloride to form the ammonium
salt. Moisture is thus necessary to bring about the reaction. Extraction of phosphoric acid with scavengers such as tributyl
phosphate is accompanied with co-extraction of water molecules. The mole ratio of co-extracted water to tributyl phos-
phate varies between 0.7 to 1.7 [H20]org/[TBP]org depending on the concentration of phosphoric acid in the scavenger
and the temperature

[0054] Ithas, however, surprisingly been found that by reacting anhydrous ammonia with phosphoric acid or phosphate
molecules in organic scavengers (e.g. tributyl phosphate, mixtures of tributyl phosphate and alcohols, mixtures of tributyl
phosphate and amines), the crystalline solid phase obtained has an ammonium to phosphate mole ratio which is about
1 and the crystals are stable at ambient temperature and atmospheric pressure. The crystalline solid phase was found
to be composed primarily of mono-ammonium phosphate (MAP) NH4H,PO 4. A minor fraction of di-ammonium phosphate
(DAP) (NH,4),HPO4 was also present. Thus crystalline solid ammonium phosphates, surprisingly produced by contacting
anhydrous ammonia with phosphate in the above described scavengers, can be used directly for agricultural purposes.
[0055] The precipitation of phosphorus from the above described organic solvents was found to be highly effective
enabling phosphorus removal efficiency above 99%. The high stripping efficiency enables high operational capacity
during extraction of phosphoric acid. In contrast to stripping with water, which is based on an equilibrium reaction leading
to incomplete phosphorus stripping, the reaction of phosphorus with ammonia is not based on equilibrium and phosphorus
stripping is complete.

[0056] It is known that anhydrous ammonia is soluble in different organic solvents such as ethanol (10% by weight at
25°C), methanol (16% by weight at 25°C), etc. However, the solubility of ammonia in tributyl phosphate is only 0.6% by
weight at 20°C and the solubility decreases with increasing temperatures. Above 35°C the solubility of ammonia in
tributyl phosphate is insignificant. Thus, the amount of residual ammoniain the scavenger after precipitation of phosphorus
is very low. It was also found that there is a correlation between phosphorus loading in the organic solvent to pH and
conductivity. Conductivity decreases and pH level increases with decreasing concentration of phosphoric acid in the
solvent. Addition of ammonia can thereby be controlled by monitoring the conductivity and/or pH of the scavenger to
enable operation without excess ammonia. To this end, again referring to Fig. 2, the arrangement 10 for production of
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ammonium phosphates comprises a sensor 26, in this embodiment a sensor for monitoring of a conductivity of the water
immiscible liquid phase, in the mixing volume 20. The arrangement 10 for production of ammonium phosphates further
comprises an adder control unit 28 connected to the sensor 26 and arranged for controlling an amount of added anhydrous
ammonia 18 in response to the monitored conductivity. In an alternative embodiment, the sensor 26 is a sensor for
monitoring of a pH of the water immiscible liquid phase in the mixing volume 20, and the adder control unit 28 is
consequently arranged for controlling an amount of added anhydrous ammonia 18 in response to the monitored pH.
[0057] Reaction of ammonia with phosphoric acid is as mentioned above highly exothermic and a substantial amount
of heat is expected to be produced during this reaction. However, it was surprisingly found that the heat generated when
neutralizing a solvent loaded with 1.42 M H3;PO,4 (~50°C liter! solvent) is lower than required for vaporizing the solvent.
The temperature of the scavenger can therefore in a practical manner be controlled by heat-exchanging to a temperature
within a desired interval. The arrangement 10 for production of ammonium phosphates comprises a heat exchanger 30
arranged in thermal contact with the water immiscible liquid phase 15. In the embodiment of Fig. 2, the heat exchanger
30 is arranged in the mixing volume 20 for extracting heat from the water immiscible liquid phase 15 within the mixing
volume 20. The temperature in the mixing volume 20 where the scavenger 15 and ammonia 18 is mixed is preferably
measured by a thermometer 32 and this measure is used by a controller 34 for operating the heat exchange in such a
way that the temperature of the water immiscible liquid phase 15 in the mixing volume 20 is held within a predetermined
temperature interval. Preferably, the scavenger to be used in the extraction section 12 is cooled to a temperature which
is below 60°C since lower temperatures favor phosphoric acid extraction by the scavenger 15.

[0058] In one particular embodiment, the cooling of the heat exchanger 30 can be achieved by vaporizing liquid
anhydrous ammonia into a gaseous form. In such a manner cooling can be obtained by using ammonia which is an
ingredient in the final product. This is indicated in Fig. 2 by the broken arrows 36 and 37. To that end, the arrangement
10 for production of ammonium phosphates comprises a source of liquid ammonia 19. A heater unit 23 is connected to
the source of liquid ammonia 19 and is connected to or integrated with the heat exchanger 30. The heater unit 23 is
arranged for utilizing at least a part of heat extracted in the heat exchanger 30 to produce gaseous ammonia, used as
the anhydrous ammonia 18. This means that the inlet 24 for adding anhydrous ammonia 18 of the mixing volume 20 is
connected for extracting the gaseous ammonia from the source of liquid ammonia 19.

[0059] Alternatively, cooling can be achieved by any other means such as heat exchange with cooling water. This
alternative is preferable when it is desired to recover the generated heat for use in other processes or used for drying
the recovered ammonium phosphate crystals, which will be discussed further below.

[0060] The crystalline solid ammonium phosphates are thereafter separated from the scavenger by known solid-liquid
separation techniques such as filtration, decantation, centrifugation, etc. In Fig. 2, a precipitate remover 40 is arranged
forremoving crystals of precipitated mono-ammonium phosphate and/or di-ammonium phosphate from the mixing volume
20. The phosphorus-depleted scavenger 16 is then preferably continuously recycled in order to again extract phosphate
from a feed solution in the extraction section 12.

[0061] Relatively large amounts of scavenger remain adhering to the separated ammonium phosphate crystals. These
amounts are typically large enough that a loss of expensive solvent mixture generally would be economically unaccept-
able. Itis therefore preferable to also recycle these amounts of scavenger. In the embodiment of Fig. 2, the arrangement
10 for production of ammonium phosphates comprises washing arrangement 50, in turn comprising a washer 52 con-
nected to the precipitate remover 40. The washer 52 is arranged for washing the separated ammonium phosphate
crystals. A drier 54 is connected to the washer 52 and is arranged for drying the washed crystals. A separator 60 is
connected to the washer 52 and is arranged for separating residual scavenger 17 washed from the crystals. The separator
60 is thereby connected to the inlet to the extraction section 12 for scavenger depleted from phosphorous 16 for reusing
the separated residual scavenger 17 for further adsorbing of phosphorous in the extraction section 12. The separator
is also arranged for providing washing liquid depleted from residual scavenger 59 for reuse for washing crystals in the
washer 52.

[0062] According to one embodiment of the present invention, the scavenger adhering to the separated ammonium
phosphate crystals is removed by washing the ammonium phosphate crystals with a saturated aqueous ammonium
phosphate solution. The scavenger initially adhering to the crystals forms a separate phase which typically is lighter than
the dense aqueous phase and is as mentioned further above waterimmiscible. The two phases are thereby spontaneously
separated from each other. The separator 60 of the present embodiment therefore is a phase separator arranged for
separation of the scavenger and said saturated aqueous solution of ammonium phosphate. It was surprisingly found
that the above mentioned wash procedure is highly efficient. The carbon content of the washed ammonium phosphate
crystals was found to be lower than carbon contents of commercial high-purity ammonium phosphate salts. Itis believed
that the washing with saturated ammonium phosphate solution is a dynamic process in which ammonium phosphate
crystals constantly dissolve and recrystallize enabling efficient removal of adhering solvent. The operation of the wash
procedure is simple and is not energy intensive. The saturated ammonium phosphate solution which is separated from
the crystals is continuously recycled for further washing. Make up of saturated ammonium phosphate solution is made
by dissolving produced ammonium phosphate salts in aqueous solutions such as water, phosphoric acid, or other
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acid/salt solutions. As mentioned also before, the separated water-immiscible scavenger is continuously recycled in
order to extract phosphate from a feed solution.

[0063] The washed ammonium phosphate crystals are thereafter dried in the drier 54. The drying can preferably at
least to a part be performed by heat obtained from the heat exchange process cooling the mixing of anhydrous ammonia
with phosphoric acid. To that end the drier 54 is connected to the heat exchanger 30 as indicated by the broken arrows
37 and 39. The drier 54 is thereby arranged for utilizing at least a part of the heat extracted in the heat exchanger 30
for drying the washed crystals.

[0064] The produced ammonium phosphates are fully water-soluble, metal depleted and can be used for agricultural
purposes such as fertilization or fertigation.

[0065] Anotherimportant advantage of the wash process according to a preferred embodiment of the present invention
is that it enables to control the production of ammonium phosphates to produce either MAP or DAP independent of the
initial composition of the precipitated crystals. If MAP is the desired end product, then the wash solution used is preferably
composed of saturated aqueous solution of mono-ammonium phosphate. The pH of the slurry is controlled and adjusted
to a value between 2 and 6, preferably between 3 and 5 and most preferably of about 4.1 by addition of e.g. phosphoric
acid or ammonia. This procedure results in production of MAP independent of the initial composition of the precipitated
crystals. In a similar way if DAP is the desired end product then the wash solution used is composed of saturated aqueous
solution of di-ammonium phosphate. The pH of the slurry is controlled and adjusted to a value between 6 and 10,
preferably between 7 and 9 and most preferably of about 8.3 by addition of e.g. ammonia. This procedure results in
production of DAP independent of the initial composition of the precipitated crystals. In such a manner, production of
both MAP and DAP is possible according to the invention. To this end, the washer 52 is further arranged for controlling
a pH of the saturated aqueous solution of mono-ammonium phosphate and/or di-ammonium phosphate.

[0066] Fig. 3illustrates a flow diagram of steps of a method according to an embodiment of the present invention. A
method for production of ammonium phosphates begins in step 200. In step 210, a phosphorus-loaded water immiscible
liquid phase is provided. Anhydrous ammonia is added to the water immiscible liquid phase in step 212. In one particular
embodiment, the step 212 of adding comprises monitoring of a conductivity of the water immiscible liquid phase and
controlling an amount of added anhydrous ammonia in response to the monitored conductivity. In another particular
embodiment, the step 212 of adding comprises monitoring of a pH of the water immiscible liquid phase and controlling
an amount of added anhydrous ammonia in response to the monitored pH. Mono-ammonium phosphate and/or di-
ammonium phosphate is in step 214 precipitated from the water immiscible liquid phase. In step 216, a temperature of
the water immiscible liquid phase during the steps of adding and precipitating is controlled to be situated within a
predetermined temperature interval. As will be discussed more in detail further below, the actual step of controlling can
be performed before, during and/or after the steps of adding and precipitating. The important feature is that it is ensured
that the temperature during the adding and precipitating is kept within predetermined limits. It is of less importance when
the actual instant of heat removal occurs. Step 216 may therefore be situated in time before, concurrent with and/or
after the steps 212 and 214. The temperature controlling typically comprises extraction of heat from the water immiscible
liquid phase. This heat may, at least to a part, be used for producing gaseous ammonia from liquid ammonia by means
of heating. This gaseous ammonia can be used as the anhydrous ammonia added in step 212. In step 218 the precipitated
mono-ammonium phosphate and/or di-ammonium phosphate is extracted from the water immiscible liquid phase.
[0067] In the embodiment illustrated in Fig. 3, the method further comprises a step 220, in which crystals of extracted
precipitated mono-ammonium phosphate and/or di-ammonium phosphate is washed. In step 222, residual water immis-
cible liquid phase, i.e. typically scavenger (as discussed here below), washed from the crystals is separated. The sep-
arated residual scavenger is preferably reused for further adsorbing of phosphorous to obtain the phosphorus-loaded
water immiscible liquid phase as indicated by the broken arrow 224. Similarly, washing liquid depleted from residual
scavenger is reused for further washing of the crystals as indicated by the broken arrow 226. In this particular embodiment,
the washing is performed with saturated aqueous solution of ammonium phosphate and the separating of residual
scavenger is performed by phase separation of the scavenger and the saturated aqueous solution of ammonium phos-
phate. The washed crystals are dried in step 228. Preferably, the drying utilizes at least a part of the heat extracted from
the step of controlling the temperature.

[0068] In a preferred embodiment, the pH of the saturated aqueous solution of mono-ammonium phosphate and/or
diammonium phosphate is controlled to drive the chemical reactions to production of particular compositions of MAP
and/or DAP. In particular, pure MAP can be obtained by acid pH and pure DAP can be obtained by slightly basic pH,
as discussed above.

[0069] In the embodiment of Fig. 3, the step 210, providing a phosphorus-loaded water immiscible liquid phase in turn
comprises adsorption of phosphorous from a phosphorous-containing aqueous solution into a liquid scavenger having
affinity for phosphorous. This means that the scavenger loaded with phosphorous forms the phosphorus-loaded water
immiscible liquid phase. The method according to the embodiment of Fig. 3 then also comprises the further step 230 of
reusing regenerated scavenger formed by the step of extracting 218 for further adsorbing of phosphorous in step 210.
The procedure ends in step 299.
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[0070] As briefly mentioned above, the actual extraction of heat from said phosphorous-loaded water immiscible liquid
phase can be performed in different ways. In the embodiment of Fig. 2, the heat exchanger 30 is integrated in the mixing
volume 20. This is presently believed to be the preferred way, since it gives a well controlled temperature. However,
alternatives are also possible. In Fig. 4, an embodiment is illustrated, where the heat exchanger 30 is arranged in contact
with the water immiscible liquid phase leaving the precipitate remover 40. The controller 34 may still be controlled based
on the temperature in the mixing volume 20 as measured by a thermometer 32. Alternatively, or in addition, a controller
34’ can be operated based on the temperature of the scavenger entering the extraction section 12 by means of a
thermometer 32’. In this way, the temperature of the scavenger entering the extraction section 12 is primarily controlled,
which in turn will keep the temperature of the phosphorous-loaded water immiscible liquid phase within the mixing volume
in the next cycle within the requested temperature interval, in particular if there is information about the assumed phos-
phorus content leaving the extraction section 12 with the phosphorous-loaded water immiscible liquid phase. In other
world, by controlling the temperature of the scavenger entering the extraction section 12, an indirect control of the
temperature in the mixing volume will also be achieved. This can be a good alternative in arrangements, where the initial
phosphorous content is relatively stable or at least predictable. The scavenger entering the extraction section 12 may
then be optimized in temperature regarding phosphorous affinity.

[0071] In Fig. 5, yet another embodiment is illustrated, where the heat exchanger 30 is arranged in contact with the
water immiscible liquid phase leaving the extraction section 12 before entering the mixing volume 20. Here, the control
can be based on either or both of a temperature in the mixing volume or a temperature of the loaded scavenger before
entering the mixing volume 20. The temperature in the scavenger before entering the mixing volume is then measured
by a thermometer 32" and using a controller 34". In this way, the temperature of the loaded scavenger is reduced, and
the expected exothermic reactions in the mixing volume 20 will bring the water immiscible liquid phase to the predeter-
mined temperature interval. This embodiment can be advantageous in applications where there are difficulties in com-
bining the ammonia adding and precipitating with en efficient heat extraction.

[0072] The detailed embodiments above are only a few examples of how a method and an arrangement for production
of ammonium phosphates may be arranged. The phosphorus-containing water immiscible liquid phase is preferably
provided as described further above, but there are also other possibilities. The phosphorus-containing water immiscible
liquid phase could be provided by any type of ion exchange process. The phosphorus-containing liquid phase could also
be provided by other chemical processes, such as dissolution from solid phases. Likewise, the post-treatment of the
precipitated MAP and/or DAP is also justone example, presently preferred, of how the MAP and/or DAP can be managed.
Other more conventional techniques such as direct distilling of the precipitate in order to evaporate the scavenger or
other solvent directly without any washing step. Furthermore, in certain applications, where the scavenger or other
solvent is not very expensive and is harmless as impurity in the produced MAP/DAP, one may completely remove the
washing procedure.

[0073] Tests have been performed on different systems in order to illustrate and verify the advantages obtained by
methods and arrangements according to the principles described above. Some examples are presented here below.

EXAMPLE 1

[0074] An organic solvent composed of 80% tributyl phosphate and 20% heptanol by volume, having a pH value of
5.9, was loaded with 1.42 M H3PO, by exposing the organic solvent to aqueous phosphoric acid. The two immiscible
phases were first thoroughly mixed in order to facilitate the transfer of phosphoric acid and then separated. The loaded-
organic solvent having a pH value of -0.4 was contacted with an excess of liquid anhydrous ammonia (> 50 g NH4 liter-1
solvent). Crystalline solids formed in the organic phase. The solids were separated from the organic solvent by centrif-
ugation and decantation. The separated solids were washed several times with methanol and dried for 2 hours at 90°C.
The recovered inorganic salt was composed of 12.3% N and 26.8% P corresponding to 98% NH,H,PO, and 2%
(NH,4),HPO, by weight. The removal efficiency of phosphorus from the organic solventwas found to be as high as 99.4%.

EXAMPLE 2

[0075] The same experiment as described in example 1 was repeated with an organic solvent composed of 80%
tributyl phosphate and 20% tri-octyl/decyl amine by volume. The recovered inorganic salt was composed of 13% N and
26.6% P corresponding to 90% NH4H,PO,4 and 10% (NH,4),HPO,4 by weight.

EXAMPLE 3

[0076] The same experiment as described in example 1 was repeated, the only difference being the use of a limited

amount of liquid anhydrous ammonia (< 20g NH liter™! solvent). The recovered inorganic salt was composed of 12.2%
N and 26.9% P corresponding to 99% NH4H,PO,4 and 1% (NH4),HPO,4 by weight.
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EXAMPLE 4

[0077] The same experiment as described in example 3 was repeated, the only difference being the use of an organic
solvent composed of 80% tributyl phosphate and 20% tri-octyl/decyl amine by volume. The recovered inorganic salt was
composed of 12.4% N and 26.8% P corresponding to 97% NH,H,PO, and 3% (NH,),HPO, by weight.

EXAMPLE 5

[0078] Measured amounts of liquid anhydrous ammonia were added to a solvent composed of 80% tributyl phosphate
and 20% heptanol, loaded with 1.42 M H3PO,4. The pH and conductivity of the solvent (22°C) as a function of amounts

of added ammonia are shown in the following table 1:

Table 1. pH and conductivity of the solvent (22°C) as a function of amounts of added ammonia of example 5.

Added ammonia pH Conductivity
(g NH; liter! solvent) (mS/cm)
0 -0.40 1.18
1 0.54 0.74
2.7 0.62 0.50
5.7 0.70 0.23
8.9 0.78 0.14
12 0.78 0.13
18.2 1.24 0.05
21 3.32
233 4.9 0.02
25 7.6 0.01

EXAMPLE 6
[0079] The same experiment as described in example 5 was repeated, the only difference being the use of an organic
solvent composed of 80% tributyl phosphate and 20% tri-octyl/decyl amine by volume. The pH and conductivity of the

solvent (22°C) as a function of amounts of added ammonia are shown in the following table 2:

Table 2. pH and conductivity of the solvent (22°C) as a function of amounts of added ammonia of example 6.

Added ammonia (g NH; liter! solvent) pH Conductivity (mS/cm)
0 -0.09 3.73
1.0 0.12 2.98
3.0 0.55 2.76
4.3 0.79 2.47
6.0 0.89 1.53
73 1.27 1.47
9.0 2.29 1.24
11.0 2.67 1.11
13.0 2.78
15.3 4.62 0.56
24.6 7.10 0.03
EXAMPLE 7

[0080] An excess of gaseous anhydrous ammonia was added to a solvent composed of 80% tributyl phosphate and
20% heptanol by volume, loaded with 1.42 M H3PO,. The temperature of the solvent increased from 22°C to 78°C.
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EXAMPLE 8

[0081] The same experiment as described in example 7 was repeated, the only difference being the use of an organic
solvent composed of 80% tributyl phosphate and 20% tri-octyl/decyl amine by volume. The temperature of the solvent
increased from 23°C to 86°C.

EXAMPLE 9

[0082] Crystals of mono-ammonium phosphate were separated from a solvent composed of 80% tributyl phosphate
and 20% heptanol by decantation. The separated crystals were fed into an aqueous solution saturated with mono-
ammonium phosphate. The crystals were separated from the saturated aqueous solution by centrifugation and dried at
90°C. The organic solvent initially adhering to the crystals formed a separate phase above the aqueous phase. The
carbon content of the washed mono-ammonium phosphate crystals was found to be lower than carbon contents of
commercial high-purity mono ammonium phosphate salts. Similar results were obtained when using a solvent composed
of 80% tributyl phosphate and 20% tri-octyl/decyl amine.

EXAMPLE 10

[0083] Crystals of mono-ammonium phosphate were fed into an aqueous solution saturated with di-ammonium phos-
phate. The pH of the aqueous solution was thereafter adjusted to a value of 8.3 by addition of gaseous anhydrous
ammonia. The crystalline solids were thereafter separated from the saturated aqueous solution and dried. The solids
were found to be composed of essentially di-ammonium phosphate. Thus, crystals of mono-ammonium phosphate could
be converted into crystals of di-ammonium phosphate.

[0084] The embodiments described above are to be understood as a few illustrative examples of the present invention.
It will be understood by those skilled in the art that various modifications, combinations and changes may be made to
the embodiments in particular, different part solutions in the different embodiments can be combined in other configu-
rations, where technically possible. The scope of the present invention is, however, defined by the appended claims.

Claims
1. A method for production of ammonium phosphates, comprising the steps of:

providing (210) a phosphorus-loaded water immiscible liquid phase (14);

adding (212) anhydrous ammonia (18) to said phosphorus-loaded water immiscible liquid phase (14);
precipitating (214) at least one of mono-ammonium phosphate and di-ammonium phosphate from said water
immiscible liquid phase (14);

controlling (216) a temperature of the water immiscible liquid phase (15) during said steps of adding (212) and
precipitating (214) to a predetermined temperature interval;

extracting (218) said precipitated at least one of mono-ammonium phosphate and di-ammonium phosphate
from said water immiscible liquid phase (15);

washing (220) crystals of said extracted precipitated at least one of mono-ammonium phosphate and di-am-
monium phosphate; and

drying (228) said washed crystals,

characterised in that

said step of washing (220) crystals comprises washing away residual water immiscible liquid phase (17) from said
crystals of said extracted precipitated at least one of mono-ammonium phosphate and di-ammonium phosphate
with a wash solution comprising saturated aqueous solution of ammonium phosphate;

and by the further steps of:

separating (222) said residual water immiscible liquid phase (17) washed from said crystals from said wash
solution by phase separation of said residual water immiscible liquid phase washed from said crystals of said
extracted precipitated at least one of mono-ammonium phosphate and di-ammonium phosphate and said wash
solution;

reusing (224) said phase separated residual water immiscible liquid phase (17) for further adsorbing of phos-
phorous to be reused for further extraction; and

reusing (226) washing liquid depleted from residual water immiscible liquid phase (17) for further washing of
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crystals in said step of washing crystals of said extracted precipitated at least one of mono-ammonium phosphate
and di-ammonium phosphate.

The method according to claim 1, characterised in that

said wash solution used in said step of washing is composed of saturated aqueous solution of mono-ammonium
phosphate or di-ammonium phosphate for production of mono-ammonium phosphate or di-ammonium phosphate,
respectively.

The method according to claim 2, characterised by controlling a pH of said saturated aqueous solution of mono-
ammonium phosphate to a pH of 2-6 or controlling a pH of said saturated aqueous solution of di-ammonium phosphate
to a pH of 6-10 for driving chemical reactions to production of particular compositions of mono-ammonium phosphate
ordi-ammonium phosphate, whereby said controlling of a pH of said saturated aqueous solution of mono-ammonium
phosphate comprises addition of phosphoric acid or ammonia and said controlling of a pH of said saturated aqueous
solution of di-ammonium phosphate comprises addition of ammonia.

The method according to any of the claims 1 to 3, characterised in that

said step of providing (210) a phosphorus-loaded water immiscible liquid phase (14) comprises the step of adsorbing
phosphorous from a phosphorous-containing aqueous solution into a liquid scavenger having affinity for phospho-
rous, whereby said scavenger loaded with phosphorous forms said phosphorus-loaded water immiscible liquid
phase (14); and

by the further step of reusing regenerated said scavenger formed by said step of extracting (218) for further adsorbing
of phosphorous.

The method according to any of the claims 1 to 4, characterised in that said step of adding (212) comprises
monitoring of a conductivity or a pH of said water immiscible liquid phase (14) and controlling an amount of added
anhydrous ammonia (18) in response to said monitored conductivity or pH.

The method according to any of the claims 1 to 5, characterised in that said step of controlling (216) a temperature
comprises extraction of heat from said water immiscible liquid phase before, during and/or after said steps of adding
(212) and precipitating (214).

An arrangement (10) for production of ammonium phosphates, comprising:

a mixing volume (20);

said mixing volume (20) having an inlet (22) for a phosphorus-loaded water immiscible liquid phase (14);

said mixing volume (20) having an inlet for adding anhydrous ammonia (18) into said water immiscible liquid
phase (14);

a heat exchanger (30) arranged in thermal contact with said water immiscible liquid phase (15);

a controller (34) arranged for operating said heat exchanger (30) to keep said water immiscible liquid phase
(14) in said mixing volume (20) within a predetermined temperature interval;

a precipitate remover (40) arranged for removing crystals of at least one of precipitated mono-ammonium
phosphate and di-ammonium phosphate from said mixing volume (20)

a washer (52, 52’) connected to said precipitate remover (40) and arranged for washing said crystals; and
adrier (54) connected to said washer (52, 52’) and arranged for drying said washed crystals, characterised by
a separator (60) connected to said washer (52, 52’) and arranged for separating residual water immiscible liquid
phase (17) washed from said crystals;

said separator (60) being connected to said inlet to said extraction section (12) for water immiscible liquid phase
(17) depleted from phosphorous for reusing said separated residual water immiscible liquid phase (17) for further
adsorbing of phosphorous in said extraction section (12);

said separator (60) being further arranged for providing washing liquid (59) depleted from residual water im-
miscible liquid phase for reuse for washing crystals in said washer (52, 52’);

said washer (52) is arranged for washing said crystals with saturated aqueous solution of ammonium phosphate;
and

said separator (60) comprising a phase separator (58) arranged for separation of said water immiscible liquid
phase (17) and said saturated aqueous solution of ammonium phosphate.

8. The arrangement according to claim 7, characterised in that

said washer (52) is arranged for using a wash solution composed of saturated aqueous solution of mono-ammonium
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phosphate or di-ammonium phosphate for production of mono-ammonium phosphate or di-ammonium phosphate,
respectively.

9. The arrangement according to claim 8, characterised in that
said washer (52) is arranged for controlling a pH of said saturated aqueous solution of mono-ammonium phosphate
and/or di-ammonium phosphate.

10. The arrangement according to claim 9, characterised In that
said washer (52) is arranged for addition of phosphoric acid or ammonia to said saturated aqueous solution of mono-
ammonium phosphate or of ammonia to said saturated aqueous solution of di-ammonium phosphate.

11. The arrangement according to any of the claims 7 to 10, characterised by
an extraction section (12), arranged for adsorbing phosphorous from a phosphorous-containing aqueous solution
into a liquid scavenger having affinity for phosphorous;
an outlet from said extraction section (12) for scavenger loaded with phosphorous is connected to said inlet (22) for
a phosphorus-loaded water immiscible liquid phase of said mixing volume, whereby said scavenger loaded with
phosphorous forms said phosphorus-loaded water immiscible liquid phase (14);
an inlet to said extraction section (12) for scavenger depleted from phosphorous (16) is connected to said mixing
volume (20) and arranged for reusing regenerated said scavenger formed in said mixing volume (20) by operation
of said precipitation remover (40) for further adsorbing of phosphorous in said extraction section (12).

12. The arrangement according to any of the claims 7 to 11, characterised by:

one of:

a sensor (26) for monitoring of a conductivity of said water immiscible liquid phase (14); and

a sensor (26) for monitoring of a pH of said water immiscible liquid phase (14); and
an adder control unit (28) connected to said sensor (26) and arranged for controlling an amount of added
anhydrous ammonia (18) in response to said monitored conductivity or pH.

13. The arrangement according to any of the claims 7 to 12, characterised in that said heat exchanger (30) is operating
for extraction of heat from said phosphorous-loaded water immiscible liquid phase (14) entering said mixing volume
(20), from said water immiscible liquid phase within said mixing volume (20) and/or from phosphorous-depleted
water immiscible liquid phase (17) exiting said mixing volume (20).

14. The arrangement according to claim 13, characterised by
a source of liquid ammonia (19);
a heater unit (23) connected to said source of liquid ammonia (19) and connected to or integrated with said heat
exchanger (30), said heater unit (23) is arranged for utilizing at least a part of said heat extracted in said heat
exchanger (30) to produce gaseous ammonia;
said inlet (24) for adding anhydrous ammonia (18) of said mixing volume being connected for extracting said gaseous
ammonia from said source of liquid ammonia (19).

Patentanspriiche

1. Verfahren zur Herstellung von Ammoniumphosphaten, das folgende Schritte umfasst:

Bereitstellen (210) einer Phosphor-beladenen, mit Wasser nicht mischbaren, flissigen Phase (14);

Zugabe (212) von wasserfreiem Ammoniak (18) zu der Phosphor-beladenen, mit Wasser nicht mischbaren,
flissigen Phase (14);

Prazipitieren (214) von mindestens einem aus Ammoniumdihydrogenphosphat und Diammoniumhydrogen-
phosphat aus der mit Wasser nicht mischbaren, flissigen Phase (14);

Regeln (216) einer Temperatur der mit Wasser nicht mischbaren, flissigen Phase (15) wahrend der Schritte
der Zugabe (212) und des Prazipitierens (214) auf ein festgelegtes Temperaturintervall;

Extrahieren (218) des prézipitierten, mindestens einen aus Ammoniumdihydrogenphosphat und Diammonium-
hydrogenphosphat aus der mit Wasser nicht mischbaren, flissigen Phase (15);
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Waschen (220) von Kristallen des extrahierten, prazipitierten mindestens einen aus Ammoniumdihydrogen-
phosphat und Diammoniumhydrogenphosphat; und

Trocknen (228) der gewaschenen Kristalle,

dadurch gekennzeichnet, dass

der Schritt des Waschens (220) von Kristallen das Abwaschen jeglicher restlicher, mit Wasser nicht mischbarer,
flissiger Phase (17) von den Kristallen des extrahierten, prazipitierten mindestens einen aus Ammoniumdihy-
drogenphosphat und Diammoniumhydrogenphosphat mit einer Waschlosung, umfassend gesattigte, wassrige
Lésung von Ammoniumphosphat, umfasst;

und durch folgende weitere Schritte:

Trennen (222) der restlichen, mit Wasser nicht mischbaren, flissigen Phase (17), die von den Kristallen
gewaschen wurde, von der Waschlésung durch Phasentrennung zwischen der restlichen, mit Wasser nicht
mischbaren, flissigen Phase, die von den Kristallen des extrahierten, prazipitierten mindestens einen aus
Ammoniumdihydrogenphosphat und Diammoniumhydrogenphosphat gewaschen wurde, und der Wasch-
|6sung;

Wiederverwenden (224) der phasengetrennten restlichen, mit Wasser nicht mischbaren, flissigen Phase
(17) zur weiteren Adsorption von Phosphor zur Wiederverwendung flr weitere Extraktion; und
Wiederverwenden (226) von Waschflissigkeit, abgereichert an restlichen, mit Wasser nicht mischbaren,
flissigen Phase (17) zum weiteren Waschen von Kristallen in dem Schritt des Waschens von Kristallen
des extrahierten, prazipitierten mindestens einen aus Ammoniumdihydrogenphosphat und Diammonium-
hydrogenphosphat.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die in dem Waschschritt verwendete Waschlosung
aus gesattigter, wassriger Lésung von Ammoniumdihydrogenphosphat oder Diammoniumhydrogenphosphat zur
Herstellung von Ammoniumdihydrogenphosphat bzw. Diammoniumhydrogenphosphat zusammengesetzt ist.

Verfahren nach Anspruch 2, gekennzeichnet durch Regeln eines pH-Werts der gesattigten, wassrigen Losung
von Ammoniumdihydrogenphosphat auf einen pH-Wert von 2 bis 6 oder durch Regeln eines pH-Werts der gesat-
tigten, wassrigen Losung von Diammoniumhydrogenphosphat auf einen pH-Wert von 6 bis 10 zum Steuern che-
mischer Reaktionen zur Herstellung bestimmter Zusammensetzungen von Ammoniumdihydrogenphosphat oder
Diammoniumhydrogenphosphat, wobei das Regeln eines pH-Werts der gesattigten, wassrigen Lésung von Ammo-
niumdihydrogenphosphat die Zugabe von Phosphorsaure oder Ammoniak umfasst und das Regeln eines pH-Werts
der gesattigten, wassrigen Lésung von Diammoniumhydrogenphosphat die Zugabe von Ammoniak umfasst.

Verfahren nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dass

der Schritt des Bereitstellens (210) einer Phosphor-beladenen, mit Wasser nicht mischbaren, flissigen Phase (14)
den Schritt des Adsorbierens von Phosphor aus einer phosphorhaltigen, wassrigen Losung in einem flissigen
Abfangreagenz umfasst, das eine Affinitat flir Phosphor aufweist, wobei das mit Phosphor beladene Abfangreagenz
die Phosphor-beladene, mit Wasser nicht mischbare, flissige Phase (14) bildet; und durch den weiteren Schritt der
Wiederverwendung des regenerierten Abfangreagenzes, gebildet durch den Schritt des Extrahierens (218), zur
weiteren Adsorption von Phosphor.

Verfahren nach einem der Anspriiche 1 bis 4, dadurch gekennzeichnet, dass der Schritt der Zugabe (212) das
Uberwachen einer Leitfahigkeit oder eines pH-Werts der mit Wasser nicht mischbaren, flissigen Phase (14) und
das Regeln einer Menge des zugegebenen wasserfreien Ammoniaks (18) in Reaktion auf die Uberwachte Leitfa-
higkeit oder den iberwachten pH-Wert umfasst.

Verfahren nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, dass der Schritt des Regelns (216) einer
Temperatur eine Warmeentnahme von der mit Wasser nicht mischbaren, flissigen Phase vor, wahrend und/oder
nach den Schritten der Zugabe (212) und des Prazipitierens (214) umfasst.

Anordnung (10) zur Herstellung von Ammoniumphosphaten, umfassend:

einen Mischraum (20);

wobei der Mischraum (20) einen Einlass (22) fir eine Phosphat-beladene, mit Wasser nicht mischbare, fllissige
Phase (14) aufweist;

wobei der Mischraum (20) einen Einlass fir die Zugabe von wasserfreiem Ammoniak (18) in die mit Wasser
nicht mischbare, flissige Phase (14) aufweist;

16



10

15

20

25

30

35

40

45

50

55

10.

11.

12.

EP 2 435 364 B1

einen Warmetauscher (30), der in thermischem Kontakt mit der mit Wasser nicht mischbaren, flissigen Phase
(15) angeordnet ist;

einen Controller (34), der zum Betrieb des Warmetauschers (30) angeordnet ist,

um die mit Wasser nicht mischbare, fliissige Phase (14) in dem Mischraum (20) in einem festgelegten Tempe-
raturintervall zu halten;

einen Prazipitat-Entferner (40), der zum Entfernen von Kristallen von mindestens einem aus prazipitiertem
Ammoniumdihydrogenphosphat und Diammoniumhydrogenphosphat aus dem Mischraum (20) angeordnet ist;
eine Waschvorrichtung (52, 52’), die mit dem Prazipitat-Entferner (40) verbunden und zum Waschen der Kristalle
angeordnet ist; und

einen Trockner (54), der mit der Waschvorrichtung (52, 52’) verbunden und zum Trocknen der gewaschenen
Kristalle angeordnet ist,

gekennzeichnet durch

eine Trennvorrichtung (60), die mitder Waschvorrichtung (52, 52’) verbunden und zum Abtrennen derrestlichen,
mit Wasser nicht mischbaren, flissigen Phase (17) angeordnet ist, die von den Kristallen gewaschen wurde;
wobei die Trennvorrichtung (60) mit dem Einlass zu dem Extraktionsbereich (12) fir die mit Wasser nicht
mischbare, flissige Phase (17), die an Phosphor abgereichert ist, verbunden ist, um die abgetrennte, restliche,
mit Wasser nicht mischbare, flissige Phase (17) zur weiteren Adsorption von Phosphor in dem Extraktionsbe-
reich (12) wiederzuverwenden;

wobeidie Trennvorrichtung (60) weiter zur Bereitstellung von Waschflissigkeit (59), die an restlicher, mit Wasser
nicht mischbarer, fliissiger Phase abgereichert ist, zur Wiederverwendung zum Waschen von Kristallen in der
Waschvorrichtung (52, 52’) angeordnet ist;

wobei die Waschvorrichtung (52) zum Waschen der Kristalle mit gesattigter, wassriger Losung von Ammoni-
umphosphat angeordnet ist; und

wobei die Trennvorrichtung (60) einen Phasentrenner (58) umfasst, der zum Trennen der mit Wasser nicht
mischbaren, flissigen Phase (17) und der gesattigten, wassrigen Lésung von Ammoniumphosphat angeordnet
ist.

Anordnung gemal Anspruch 7, dadurch gekennzeichnet, dass die Waschvorrichtung (52) zur Verwendung einer
Waschlésung angeordnet ist, die aus gesattigter, wassriger Losung von Ammoniumdihydrogenphosphat oder Di-
ammoniumhydrogenphosphat zur Herstellung von Ammoniumdihydrogenphosphat bzw. Diammoniumhydrogen-
phosphat zusammengesetzt ist.

Anordnung nach Anspruch 8, dadurch gekennzeichnet, dass die Waschvorrichtung (52) zur Regelung eines pH-
Werts der gesattigten, wassrigen Losung von Ammoniumdihydrogenphosphat und/oder Diammoniumhydrogen-
phosphat angeordnet ist.

Anordnung nach Anspruch 9, dadurch gekennzeichnet, dass die Waschvorrichtung (52) zur Zugabe von Phos-
phorsdure oder Ammoniak zu der gesattigten, wassrigen Lésung von Ammoniumdihydrogenphosphat oder von
Ammoniak zu der gesattigten, wassrigen Lésung von Diammoniumhydrogenphosphat angeordnet ist.

Anordnung nach einem der Anspriiche 7 bis 10, gekennzeichnet durch einen Extraktionsbereich (12), der zur
Adsorption von Phosphor aus einer phosphorhaltigen, wassrigen Lésung in ein flissiges Abfangreagenz mit Affinitat
fur Phosphor angeordnet ist;

einen Auslass von dem Extraktionsbereich (12) fir Abfangreagenz, beladen mit Phosphor, der mit dem Einlass (22)
fir eine Phosphor-beladene, mit Wasser nicht mischbare, flissige Phase des Mischraums verbunden ist, wobei
das mit Phosphor beladene Abfangreagenz die Phosphor-beladene, mit Wasser nicht mischbare, flissige Phase
(14) bildet;

einen Einlass zu dem Extraktionsbereich (12) fir Abfangreagenz, abgereichert an Phosphor (16), der mit dem
Mischraum (20) verbunden und zur Wiederverwendung des regenerierten Abfangreagenzes, gebildet in dem Misch-
raum (20) durch Betrieb des Prazipitat-Entferners (40), zur weiteren Adsorption von Phosphor in dem Extraktions-
bereich (12) angeordnet ist.

Anordnung nach einem der Anspriiche 7 bis 11, gekennzeichnet durch:
einen aus:

einem Sensor (26) zur Uberwachung einer Leitfahigkeit der mit Wasser nicht mischbaren, fliissigen Phase
(14); und
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einem Sensor (26) zur Uberwachung eines pH-Werts der mit Wasser nicht mischbaren, flissigen Phase
(14); und

einer Zugabe-Regeleinheit (28), die mit dem Sensor (26) verbunden und zum Regeln einer Menge zuge-
gebenen wasserfreien Ammoniaks (18) in Reaktion auf die iiberwachte Leitfahigkeit oder den liberwachten
pH-Wert angeordnet ist.

Anordnung nach einem der Anspriiche 7 bis 12, dadurch gekennzeichnet, dass der Warmetauscher (30) zur
Entnahme von Wéarme aus der Phosphor-beladenen, mit Wasser nicht mischbaren, flissigen Phase (14), die inden
Mischraum (20) eintritt, aus der mit Wasser nicht mischbaren, flissigen Phase in dem Mischraum (20) und/oder
aus der an Phosphor abgereicherten, mit Wasser nicht mischbaren, flissigen Phase (17), die den Mischraum (20)
verlasst, arbeitet.

Anordnung nach Anspruch 13, gekennzeichnet durch eine Quelle fiir flissigen Ammoniak (19);

eine Heizeinheit (23), die mit der Quelle fir flissigen Ammoniak (19) verbunden ist und mit dem Warmetauscher
(30) verbunden oder darin angeordnet ist, wobei die Heizeinheit (23) zur Nutzung mindestens eines Teils der in
dem Warmetauscher (30) entnommenen Warme angeordnet ist, um gasformigen Ammoniak zu erzeugen;

den Einlass (24) zur Zugabe von wasserfreiem Ammoniak (18) des Mischraums, der zur Entnahme des gasformigen
Ammoniaks aus der Quelle fir flissigen Ammoniak (19) verbunden ist.

Revendications

1.

Procédé de production de phosphates d’ammonium, comprenant les étapes :

d’obtention (210) d’une phase liquide non miscible avec I'eau (14) chargée de phosphore ;
d’ajout(212)d’ammoniac anhydre (18) aladite phase liquide non miscible avec 'eau (14) chargée de phosphore ;
de précipitation (214) d’au moins un phosphate parmi le phosphate de mono-ammonium et le phosphate de
di-ammonium a partir de ladite phase liquide non miscible avec I'eau (14) ;

de régulation (216) a une température de la phase liquide non miscible avec I'eau (15) durant les étapes d’ajout
(212) et de précipitation (214) sur un intervalle de température prédéfini ;

d’extraction (218) dudit précipité comprenant au moins un phosphate parmi le phosphate de mono-ammonium
et le phosphate de di-ammonium de ladite phase liquide non miscible avec 'eau (15) ;

de lavage (220) des cristaux dudit produit extrait précipité constitué d’au moins un phosphate parmile phosphate
de mono-ammonium et le phosphate de di-ammonium ; et

de séchage (228) desdits cristaux,

caractérisé en ce que

ladite étape de lavage (220) des cristaux comprend I'élimination par lavage de la phase liquide non miscible avec
leau (17) résiduelle desdits cristaux dudit produit extrait précipité constitué d’au moins un phosphate parmi le
phosphate de mono-ammonium et le phosphate de di-ammonium avec une solution de lavage comprenant une
solution aqueuse saturée de phosphate d’ammonium ;

et par les étapes ultérieures :

de séparation (222) de ladite phase liquide non miscible avec 'eau (17) résiduelle, obtenue par lavage desdits
cristaux, et de ladite solution de lavage par une séparation de phases de ladite phase liquide non miscible avec
'eau résiduelle, obtenue par lavage desdits cristaux d’au moins un phosphate parmi le phosphate de mono-
ammonium et le phosphate de di-ammonium dudit produit précipité extrait et ladite solution de lavage ;

de rédutilisation (224) de ladite phase séparée de la phase liquide non miscible a I'eau (17) résiduelle pour une
nouvelle adsorption de phosphore afin d’étre réutilisée pour une nouvelle extraction ; et

de réutilisation (226) du liquide de lavage épuisé en la phase liquide non miscible a I'eau (17) résiduelle pour
un autre lavage des cristaux dans ladite étape de lavage des cristaux dudit produit extrait précipité constitué
d’au moins un phosphate parmi le phosphate de mono-ammonium et le phosphate de di-ammonium.

Procédé selon la revendication 1, caractérisé en ce que

ladite solution de lavage utilisée dans ladite étape de lavage est composée d’une solution aqueuse saturée de
phosphate de mono-ammonium ou de phosphate de di-ammonium pour la production de phosphate de mono-
ammonium ou de phosphate de di-ammonium, respectivement.
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Procédé selon la revendication 2, caractérisé par une régulation a une valeur de pH de ladite solution aqueuse
saturée de phosphate de mono-ammonium a un pH de 2 a 6 ou une régulation a une valeur de pH de ladite solution
aqueuse saturée de phosphate de di-ammonium a un pH de 6 a 10 afin d’effectuer des réactions chimiques pour
la production de compositions particuliéres de phosphate de mono-ammonium ou de phosphate de di-ammonium,
ou la régulation a une valeur de pH de ladite solution aqueuse saturée de phosphate de mono-ammonium comprend
une addition d’acide phosphorique ou d’ammoniac et ladite régulation a une valeur de pH de ladite solution aqueuse
saturée de phosphate de di-ammonium comprend 'addition d’ammoniac.

Procédé selon 'une quelconque des revendications 1 a 3, caractérisé en ce que

ladite étape d’obtention (210) d’une phase liquide non miscible a 'eau (14) chargée de phosphore comprend I'étape
d’adsorption de phosphore a partir d’'une solution aqueuse contenant du phosphore sur un fixateur liquide possédant
une affinité pour le phosphore, ou ledit fixateur chargé de phosphore forme ladite phase liquide non miscible a 'eau
(14) chargée de phosphore ; et

par 'étape ultérieure de réutilisation dudit fixateur régénéré formé par ladite étape d’extraction (218) pour une
nouvelle adsorption de phosphore.

Procédé selon 'une quelconque des revendications 1 a 4, caractérisé en ce que ladite étape d’ajout (212) comprend
la surveillance d’'une conductivité ou d’'un pH de ladite phase liquide non miscible a 'eau (14) et la régulation d’'une
quantité d’ammoniac anhydre (18) ajoutée en réponse a ladite conductivité ou audit pH surveillés.

Procédé selon 'une quelconque des revendications 1 a 5, caractérisé en ce que ladite étape de régulation (216)
a une température comprend I'extraction de chaleur de la phase liquide non miscible avec I'eau avant, pendant
et/ou aprés lesdites étapes d’ajout (212) et de précipitation (214).

Installation (10) pour la production de phosphates d’'ammonium, comprenant :

un espace de mélange (20) ;

ledit espace de mélange (20) possédant une entrée (22) pour une phase liquide non miscible a I'eau (14)
chargée de phosphore ;

ledit espace de mélange (20) possédant une entrée pour ajouter de 'ammoniac anhydre (18) dans ladite phase
liquide non miscible a 'eau (14) ;

un échangeur de chaleur (30) mis en contact thermique avec ladite phase liquide non miscible a I'eau (15) ;
un régulateur (34) congu pour mettre en oeuvre ledit échangeur de chaleur (30) afin de conserver ladite phase
liquide non miscible a'eau (14) dans ledit espace de mélange (20) dans un intervalle de température prédéfini ;
un systéme pour prélever le précipité (40) congu pour enlever les cristaux précipités d’au moins I'un, parmi le
phosphate de mono-ammonium et le phosphate de di-ammonium, de I'espace de mélange (20)

un systéme de lavage (52, 52’) en communication avec ledit systéme pour prélever le précipité (40) et congu
pour le lavage desdits cristaux ; et

un sécheur (54) en communication avec ledit systéme de lavage (52, 52’) et congu pour le séchage desdits
cristaux lavés,

caractérisée par

un séparateur (60) en communication avec ledit systéme de lavage (52, 52’) et congu pour la séparation de
ladite phase liquide non miscible avec 'eau (17) résiduelle provenant du lavage desdits cristaux ;

ledit séparateur (60) étant en communication avec ladite entrée vers ladite section d’extraction (12) pour la
phase liquide non miscible a I'eau (17) épuisée en phosphore en vue d’une réutilisation de la phase liquide non
miscible a 'eau (17) résiduelle pour une nouvelle adsorption de phosphore dans ladite section d’extraction (12) ;
ledit séparateur (60) étant en outre congu pour I'obtention de liquide de lavage (59) épuisé en phase liquide
non miscible avec 'eau résiduelle pour une réutilisation dans le but de laver les cristaux dans ledit systéme de
lavage (52, 52’) ;

ledit systéme de lavage (52) est congu pour le lavage desdits cristaux avec une solution aqueuse saturée de
phosphate d’ammonium ; et

ledit séparateur (60) comprenant un séparateur de phases (58) congu pour la séparation de ladite phase liquide
non miscible avec leau (17) et de la solution aqueuse saturée de phosphate d’ammonium.

Installation selon la revendication 7, caractérisée en ce que
ledit systéme de lavage (52) est congu pour I'utilisation d’une solution de lavage composée d’une solution aqueuse
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saturée de phosphate de mono-ammonium ou de phosphate de di-ammonium, pour la production de phosphate
de mono-ammonium, respectivement, de phosphate de di-ammonium.

Installation selon la revendication 8, caractérisée en ce que
ledit systéme de lavage (52) est congu pour la régulation a une valeur de pH de ladite solution aqueuse saturée de
phosphate de mono-ammonium et/ou de phosphate de di-ammonium.

Installation selon la revendication 9, caractérisée en ce que

ledit systéeme de lavage (52) est congu pour 'addition d’acide phosphorique ou d’ammoniac a ladite solution aqueuse
saturée de phosphate de mono-ammonium ou d’ammoniac a ladite solution aqueuse saturée de phosphate de di-
ammonium.

Installation selon I'une quelconque des revendications 7 a 10, caractérisée par

une section d’extraction (12), congue pour I'adsorption du phosphore a partir d’'une solution aqueuse contenant du
phosphore sur un fixateur liquide ayant une affinité pour le phosphore ;

une sortie de ladite section d’extraction (12) pour le fixateur chargé de phosphore est en communication avec ladite
entrée (22) pour une phase liquide non miscible a 'eau chargée de phosphore dudit espace de mélange, ce par
quoi ledit fixateur chargé de phosphore forme ladite phase liquide non miscible a 'eau (14) chargée de phosphore ;
une entrée vers ladite section d’extraction (12) pour le fixateur épuisé en phosphore (16) est en communication
avec ledit espace de mélange (20) et congue pour la réutilisation dudit fixateur régénéré formé dans ledit espace
de mélange (20) en mettant en oeuvre ledit systéeme de prélevement du précipité (40) en vue d’une nouvelle
adsorption de phosphore dans ladite section d’extraction (12).

Installation selon 'une quelconque des revendications 7 a 11, caractérisée par :
un des éléments parmi :

un capteur (26) chargé de la surveillance de la conductivité de ladite phase liquide non miscible a 'eau
(14) ; et
un capteur (26) chargé de la surveillance du pH de ladite phase liquide non miscible a 'eau (14) ; et

une unité de contréle additionneuse (28) connectée audit capteur (26) et congue pour le contrdle d’'une quantité
d’ammoniac anhydre (18) ajoutée en réponse a ladite conductivité ou audit pH surveillé.

Installation selon 'une quelconque des revendications 7 & 12, caractérisée en ce que ledit échangeur de chaleur
(30) est mis en oeuvre pour I'extraction de chaleur a partir de la phase liquide non miscible a 'eau (14) chargée de
phosphore entrant dans ledit espace de mélange (20), a partir de ladite phase liquide non miscible a 'eau a l'intérieur
dudit espace de mélange (20) et/ou a partir de la phase liquide non miscible a I'eau (17) épuisée en phosphore
quittant ledit espace de mélange (20).

Installation selon la revendication 13, caractérisée par

une source d’'ammoniac liquide (19) ;

une unité de chauffage (23) en communication avec ladite source d’ammoniac liquide (19) et en communication ou
intégrée audit échangeur de chaleur (30), ladite unité de chauffage (23) étant congue pour l'utilisation d’au moins
une partie de ladite chaleur extraite dans ledit échangeur de chaleur (30) afin de produire de 'ammoniac gazeux ;
ladite entrée (24) pour I'ajout d'ammoniac anhydre (18) dudit espace de mélange étant en communication pour
réaliser I'extraction dudit ammoniac gazeux a partir de ladite source d’ammoniac liquide (19).
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{zérovpantek

i Ammdnhamriosafitok ol08Htasare saclpdld eliaris, vty ¢ kdvothezd Kpdsehat Roglalia magdba
foseforral torhell, vinzel non elegyedd folydkony fnis {14} clddllitaes 210)
Yizierdes ey (18) borpdaddss QA2) az ottt Tosatorral techuht vireel newy clogyedd folvdkony
fanshor {14y

a mono~armmdnium- s & o dlanmdriumelosefa kaeit opadabb az sk locsapanisa (2145 a7 omilitent

vizee! fom elepvedd tolvélony Rkl (14}

4 vizzel aom slegvedd fulvékony Nuis hdmdrsdklotineh (18] suabd@lyowina (316) egy »idre meghatirorait

2

hémdredkiet-intervallonthan az eontiintl hoexdadés {24173

ceapatds {2 14) iepésel alam
szavolitett, foosspatott mono-ptradninm~-foszfi &s a $amménium-fosefin koai! fogaddbb a2 egyik

Y

sxtrahdiis {218) vz conlitdt vizeel nom clogyvedt folydkony thagl

g2 emiftent, extrahalt 8¢ lacsapaiolt swupammdnine-fosziat & di-arwaitivm- foszft Rzl legaldbb az

eoyik kristalyainak mosssa (228 &

ax swnlitett mosott keistilyvok searftace L2281,

azzal jellomerve, hogy

%

sz, eonbiteit ketaptlymosdst {220} 1ody magiban hylalis o onwadéh vizzel now dlegyedd fobvéhony fSuds

x

£17) tormosasdt a2 enditent knistdlyokrdl, medyehat @ rooammdnim-fosefit ée 3 dhammonium-fosziat kozil

legalabboar epvik locsapatdse Sy oxtrahalisa widn dlional i, ahol 3 mesdoldat ammonium-fossiat whitett vizes

cldatd tartalmazzg, tovilbd e aldabld idpdseket oglalja magdbam:
az eobitett mamddk, vizael rere elegyedd folyékony fuds (3 7} eivalasatdsa (232) amely folyéRony fzist az

pat

smditett kristdlyokeSY aw emtitett mosdotdatial mostad fe, azon mar

dék, vizzel vom slegyedd fudyéhony Babsmak a

peverelt nustaidard! 10vdad slvalassidsival, anmwlyet @ mongeanwsdaiam-fos i 83 wdi-ammdningy-fin Sz

"

fogaldbb &2 cgyih kcsapatisa ¢ extrahdlasa uian kapott Reisistyoked! mastak

sz emiitelt Srisszopardll maraddR vizze! nem elogyedd fulydkony fris (17) Giralethasznidsa (224 a

bt axirakeichoz Sirabasendbnadd fogefor tovibhi slsrorbetlasdre, e
a ramdik, vizes! none elegeedé Slvékony fisiad oosapalt mnsdfobvadek (7)) Gnaftlbasendlisa{230)
kristalyoli rovabbi roosdsdes avon wnslitett pdsben, amebvben s muna-mmdsinu-fosefat &g a db-amméninme-thseiat

kiail legalibh a2 ogyik fevsapaiont & oxtrabit kedstabyainek mosdsdra kel sorn,

2 Az 1. igényponmt szeninti olidras, azzal jellemervy, hogy

sz emiftelt mosdsd idpdaben Rethasendlt colitelt roosdoldat mene-anadniure-fosefit vagy di-ammandunvfos 2t

selitett vizes oldatdhd! 811 molynek rendelteiées, hogy mnnoe-ammdnin~-foszift Higtve di-ammdmum-foszfdt

SO en hasendliak,
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% AR ebrypont sxerdatl oliedy axead jellemerve; hegy a mmont-snawdnivss foszidl antitel telitett vl
oliletanak pit-jan 36 pbt dordlre seabdivogaik, vagy a disumodaium-THsziit embiot teliteit vizes olduiinak pH-i%
6-10 pH Srtdkre szabalyozzak, hogy o bémial ropkeidkat az sdolt mono-ammsdnium-foszfdt vagy di-ammdnium-
fosefit adott vegyiiloteinek termelése «éliabol rdrneitndk, abod & reomvamindniun-fos2 B8t sralitett felitett vives

%
e

ofdats pHadnak ovdiiey saabalyorasa magabas foglalia Bisaforsay vagy ammonis beapdadasst 85 a d-ammdnive-

foaxfit omifiet tolitait vizes obdady pH-Bnak emlitett sanbilyostsd magdban foglalia ammdnia hozzduddsdr.

4, Ax -3 igSnvpontok barmelyike szerint olidrds, arzal jellomerve, Bogy

& foseiornal terhely, vizze! nom clogvedd folyéhony fizis () sloallitasinak smblintt idpise (210 magsban foplalia
azta idpéat, mlynek sordn foszfort adszorbediiatonk cgy Fosafortarizinud vizes olduthd! ogy foivdhony megknd

3

Anyaghe, amely 3 foszfor infng afBontdst raviay, mebyack sordn g emtitert, foszfomal terbindt megkdid & an YR A%

sroditent foszforral terhelt, viozel oo clegvedd lvéhony Hebst slkotai 1y valaming ason tovdbi Ipést amelynek
sordy Gjrahaszndlitk sz vmbitett, rogroerdlt meghid anyagot, somelvet &z coditet oxtrakeids Jepdy sorin ayertsk,

$318)a Tosefor tovibby adeznrbealisara.

W

\ Az b4, ipduyponiak birmelyike szetintt elidras, aepad jellomerve, Bogy a7 svnlitat hoozdadasi {2121 fdpds
rngdban i’(}g%&ﬁjsx sz emdiiett, vizze! vom clegyedd folvéhony Mats verettkpassdgdnek vagy ph-idnak
meehipyeldsdét {14) valamint » hozzdadott viementes amminia mennyissgdének szabilyozisdt {18) az emiften,

megligyelt vezsiképesad vagy pH alapidn

1% Az -5 ipdnypordek baemelyike seering mddseer avaal jellemezve, hogy & homdrséilet szabifivosdsbnak

{218) ewditett Mpdss magaban foglalia & bdehvontst az emiitetl viznel nesn clegyedd folydhony Maishol xz sralitett

hozakadis (212} 85 fuesapatds {214} Wpddet oldt, alattdsivagy win,

7. Ammdniunefoszfitok loalitasdn seolgdld berendends {10 amely ax aitbbinkat Hrglalia rangiban:

sgy deened rfogatt bescadeeds (20);

sz el keverd térfonall borenderds {20} cpy bovasnetiel rendethenik {32} 2 foxefurral forhelt vizzs! veny
elegyedd folyskony fizishoz {14)

ax eodifet keverd wefogntl berendends (20 egy bemenantsl readelkesik 8 vizotenes somndridiak (18 az

ertiteit viezel ner elegyedd fohvékony fizishoz (18} vald hoxzdadisaho;

egy hocsereld (30}, amely Bgy van ehrondesve hogy terovkes drintkeadsben legver ax aratitoft, vizeel nom

al (153

clégyedd folydkony fan

gy verdrld berenderds {34) amddy ax corlliett hbcaordid aikadts

fre van herendenve (301 hogy ar
emiitelt vizned nors clogyedd folydiony faist (14) @2 enifiont koverd térfogats bercodendshen (v egy sitre
meghatirozott hndrsdkiot-dntervatiuraon belil tartsy;

egy osspadekeltdvalitd{4dd amely Ggy van berenderve, hogy 3 loctepatot monoammbrium-Bsafal & di

xnmdainm-fosziit Kz tegalihd a2 egyik keistdlvaitehtdvolitse ax ettt kevers wifo gl bereadeadhdt 20
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sy masdberendenss {52, 52 amady ar emilict! csapaddheltivolitthoz ceatlakozik {40) é¢ az emidfiot
kristdlyok musdsdra van borondeave, &

ey s23riS (34) ap oo mosdbon ceatlakaztatva {32, 3277 8¢ sz omlitety, mosott Kvistdlonk sedritasara
berendezye,
3 Kitvatkezdkkel jellemenves

ey seepardtor (60 amely a2 coditet mosdhor evatabkenik (32, 3273 45 az eondiett kristalynked! femasott
tavaddl vizeel neoy slopyedd folySkony Hxis (17) ehvalasmdagra van bevendeave;

A srnlitettszeparitor (08 az-omiftent Somenether Saatlakasik av enmtitett sxakidy sakesndl O )

3

fosziorbal Kinyert vizzel nom elegyedt felyékony Bishor

{7y a2 endlisy siesel rere clogyedd roamdsk folyskony

o

fazia Girafolhasendlasdra {17) fosedor tovabbi adszorboildsa offjara ax enulfiettextrakeids sealpsehan (12}

sraeBlett sz omilte spepraitor {80 Ggy van shrendenve, hogy lebetdve wgye 3 ovaradth, vie

iR elv 63

N %

slegyedd folydkony fzishd! Kinvert maosdiolysddh (39 diratelhasenaliadt keistalvok mosdsra az emiitelt mosdhan

&

~ \
(83, 2%

az coditott most {52) ar eobitet! kristdlyok amméniuns-thsafit twlitelt vizes oldataval vald mosdsira van

barendenve; €

s wyalitay sacpanitor {607 egy fotsespardton fogldd magdban (38} amely arenditest, vivee! nem elegyedd

folvéony S (17) 4y 22 vomdniane-foszfi enditet telitett vizes oldatinul ehvdlaastdsdn van borerdoeave,

& & 7 igdnyport saarinti berenderds, el jollormueve, hogy

4 bt mosd (32) 2 pwao-anundniun-Res it vagy di-amumndnier-tosefal telitett vizes vidatabal allé mosdaldat

atkabvszasdrn van berendoave moso-ammanium-fosaiit iflotve di-anumdntonsfonalat sfdlitisden,
8, & §. dpdoypont szevingt bereodends, memal jollemenve, begy
gz emifteht mosd {52) 3 mionp-ammdndun-Soszil év/vagy dbammonium~fosa it srabitett telitett vizes eldats phl-

jaonk szabilvosdsien van berendesve.

8 A9 fpdnypont szerintt borendezds, azzal jellemerve, hogy
s enliteyt mosd (32) foszforsay ¥agy ammdnia Bozatadisioy van berandesve sz 8 monosammdniumsfosz i
sratftett, telitent vives oldadlior vegy a2 ammdnia Hozzdadasdra dismmdniune-fos 2Bt era et reliter viz

oldatdhor:

i A 718 igdnypontok bavmelyike, 8 Kévetkerdhkel jollomenve:

sgy extrakeide szakase (12} amedy foseior adsrorbedlasdrg van borendezve egy oszfortarialvnt vives
oidatbol egy i’{ﬁlyéksny meekdtd anvagha, wnily 2 Toszfons vhasthohan affinilag mutat;

egy Kimenet 3 nevezett axtrakeids sxabaszbdl (12} anely a foseforral tothelt mcghOts anyag osljara

cestlahorik ax emiftent bomerather {23} ax entlitett Reverd whifopudt bercudends foszfureal torhedt, vizee! nom

£

iepyedd folyskony fiziséhor shot ax endditett, fosafhoral torhell mepkotbanyag képeal az smiitett, foseforral torhelt

¥
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vizzel nomy elegyedd folydhony fuist (34

egy bomenet ax smiitet extrakolds xeakasebs (12} a foseforbd! kinyert neghdtd anyughoz {16 arnsly az
eavbirett koverd wdrfogatt bivrendurdsher coatiahonth {200 64 Quy win berenderve, hopy Girahasaniliz ax emiitett
keverd téefogatt borendezdsben képzddd embitott meghitd anvagot {20} ar embiten csapadékeltavolitd

rathddtetesdved (38} fosefty fovabli alsvorhedlise céljara sz enditott extraboios szakasshan {12},

iz AT igéz}y;}cmmk baonehvike szerinit beronderds, s kivetkerbikel jellemerve:
axalsbhhak epyik

ogy fragkeld (36} amelynel offja ax endftett, vizzel nem elegyedd folydhony Sy voratdhdpessdgdosk
roeghigyaidse {14 &

egy setkeld (26}, avaslrek welja 3¢ ombitety, vz nem dlogyedd folyskony Fals pitianak megfigyefdss

oy adagoldveednld ey {IRY, aniply arewlitett éradkeldhan caatlakonik 126) €5 a honzdadot vizmentes

aminsndy menayisddnek sanbdlyonisden van berpndenye (18] w2 omiiteit vesptdiSpassdiovapy pi meglioyeh Sudhe

szenint:
£2, 13 A TR ighrgpontok birmedyibe saecin dorovdends , nzzat jellemerve, hogy sz ornfitet bdiosersld {38)

mitkddésinek odifa hogy Bt vanjon el ae smliteit, Berforel terbaly, vizzet nent clpgyedd fofyéhony fazishdl, (14)
amely balép az embitent keverd tirfogati berendexéshe {20, az cmliter, vizest neavslenyedh folvdkony fazishdl ax
eemiitett koverd térfopatt bovendezdser belid {207 devagy a foszfor-depletalt vizze! nem slegyeds folyskony Haishdl

Ty punly acombitett keverd térfogatl hurendendshdt Kitép 28

4. A1 igéﬁypem srerindt berendezds, & ibvetkerdiied jellemerve:

egy folydhony smmdnta-forrds £ 18)

ey lidegyedp (20} amely sz smiften folyskony arundoia-forcishor osatiakozik {193 valuming 22 eralitey
Bieseréidhie cxatlakozik vagy szl s vardpitve (30 sz emiitert hiitdegeség {239 day van berendezve, hogy

3

srditelt hdoserdithen (36) Rivont M lopaitbh opy ol giz halmazdllepotd ammdnia elidititdedns havzasijdk;

ulitett bemenet {24y amelynsk vdlfa vinoestes wramsdoi horedaddaa {18} sz smlitett keverd sérfogati
beverdondshdl, amely sz embitett gz balmazdliapatl ammdnidnak az emiitent folydkony ammeniafiodshl adad

v

htvondse oSl van osatiakosrava (19),
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