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Abstract. Technological aspects of ammophos production
using Algerian phosphorites as a raw materia have been
investigated. The necessity of increased consumption of
sulphuric acid during the Algerian phosporites processing
compared with apatite processing has been grounded. The
dependence of pH solution on NH3:H3PO, molar ratio has
been determined during neutraization of extraction
phosphoric acid prepared from Algerian phosphorites. The
necessity of acid solution deeper neutraization in the
technology of extraction phosphoric acid production has
been proved. The boundary drying temperature of ammonia
pulp has been determined. The relation between ammonium
nitrogen and drying time has been specified.
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1. Introduction

The indudtrid implementation of ammaophos
production consists of three main stages: neutralization of
phosphoric acid by ammonia, removing moisture from the
product and crydtallization or granulation of dry matter
containing ammonium  dihydrophospate  (NH;H2PO,)
mainly. A series of theoretica aspects concerning
ammophos production technology and description of
indugtrial variants of its implementation is represented in
monographs [1, 2]. In the industry the phosphoric acid is
neutralized by ligquid or gaseous ammonia and only
sometimes — by ammonia water [3]. The final value of pH
in the neutrdization process ensures the complete
substitution of first hydrogen ion of orthophosphoric acid
for ammonium cation followed by NH4H,PO, formation in
accordance with the reaction:

H3PO4+ NH3 = NH4H2P()4. (1)

In NH4H,PO, the molar ratio NH3:HsPO, is 1:1.
Literature data [3] indicate that few admixtures (KO, N;O,
MgO) pass into extraction phasphoric acid (EPA) obtai ned
from Algerian phosphorite. They bound first ion of
phosphoric acid into the complex of MeH,PO, type, where
Meis asum of K, Na, Mg and other active cations. Using
double titration method it was established that 10-15 % of
EPA first ions are exchanged for active cations. Thus, the
obtained salts mixture has less nitrogen. To increase the
nitrogen content in the final product the presence of
ammonium hydrophosphate (by partial exchange of the
second  hydrogen ion) together with  ammonium
dihydrophospate is necessary [2]. Since EPA partidly
neutralized by K,0O, Na,O and MgO contains sulphate acid
and dissolved cacium sulphate, these compoundi
precipitate during ammonization [4]. This exothermic
process causes congiderable evaporation of moisture from
acids and sdlts crystdlization. As a result, the three-phase
heterogeneous system is formed [3]. Pulp rheologica pro-
perties depend on its composition, temperature and compo-
nents solubility [3-5]. The dependence of ammonium
phosphate solubility on molar ratio R = NH3:HzPO, is
represented in [3] at different temperatures. The depen
dence has maxima a R = 0.3 and 1.4 and minima at
R = 10. A. Kononov et al [4] dso investigated the
dependence of R on pH for the acids with different amount
of admixtures. For R = 1.4-1 the range of pH = 3.2-5.8 is
typical. As arule, at the industrial ammophos production
and processing of EPA obtained from apatite concentrate of
Kolsky deposit the acid ammonization is carried out till
molar ratio NH3:H3PO, = (1.2-1.3):1 to obtain movable
pulp [5, 6]. At the same time pH is maintained within the
range of (3.1-5.2):1[7]. The solubility of the NHz-P,Os-H,O
system is thoroughly scrutinized in the temperature interval
of 273-348K and the data for higher temperatures (to
448 K) are available [3, 4]. Moncammonium phosphate,
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diammonium phosphate and triammonium phosphate are
observed in the system. The presence of NH;Hs(PO,); is
also possible [4]. Expressed singular angle at the branch of
monocammonium phosphate crystalization curve indicates
the dight dissociation of the compound in the studied
temperatureinterval.

Thus the aim of this work was to investigate the
technological aspects of ammophos production using
Algerian phosphorites asraw material.

2. Experimental

2.1. Investigation Objects

During ammophos production from EPA obtained
from Algerian phosphorites the part of the second hydrogen
ion of phosphoric acid exchange for ammonium cation is
one of the investigation objects. The numerical value of this
parameter depends on quality (properties) of the treated
phosphoric acid as well as on equipment design at different
stages of the technological process. Under the laboratory
conditions the <udies of production technology of
ammophos based on EPA from Algerian phosphorites were
carried out using the known methods [8]. Firdtly, it alows
to obtain reiable data concerning fertilizer composition
while processing of phospharic acid of the definite quality.
Secondly, the grounded suggestion concerning drying
temperature conditions for ammoniated pulp and physico-
mechanical characteristics of ammophos granulated form
are obtained. For the experiments we used the enlarged
sample of EPA obtained at the model plant from the sample
of Algerian phosphorite. The phosphorite composition (%)
was. P,Os — 285, CO, — 58, F — 3.7, CaO — 489;
MgO —1.9; Al,0;—0.20; Fe,O;—0.9.

2.2. Technological Investigations

To edablish the requirements for pulp
ammonization levd and temperature conditions of its
drying the experiments for obtaining of granulated
ammophos enlar%ed sample have been carried out. For this
purpose 55 dm® of phosphoric acid were sequentidly
neutralized in the separate vessel by ammonia water till
planned pH level was achieved. Ammonia water was
introduced into the acid under intensive girring. The fina
temperature of the reaction mass was 343-346 K. The
density of averaged pulp at 303K was 1235 kg/m®. The
obtained pulp was loaded into a reactor by the height of
8-10 mm and then dried in drying chamber with forced
circulation of heated air a 378 K for 2 h till moisture
content of 4-10%. The wet charge obtained after free
water removing from dryable pulp was averaged and
granulated in plate granulator with plate diameter of
600 mm. Ammophos moist granules were graded and the
fraction with granules size of 2-5 mm was separated. This

fraction was placed in a pallet and again dried in the drying
chamber at 368 K for 1 h till moisture content of less than
1%. The dried product was graded and commercia
fraction with the grain sizes of 1-5 mm was separated and
analyzed. The technologica parameters were compared
with corresponding parameters of Kolsky apatites, which
are usually used for amophos production.

3. Results and Discussion

3.1. Phosphoric Acid

The acid was obtained under dihydrated regime. EPA
density was 1282 kg/m°. Acid kinematic viscosity at 293 K
was found to be 4.55:10° m’/s and was determined using
VPZH-2 viscometer with the diameter of 0.73 mm. The acid
composition (mas %) was. P05 — 26.2; CaO — 0.54; MgO —
155; Al;05—-0.18; Fe,0; —0.22; F — 0.84; SO; - 2.5; Cd —
9.3 mgkg; Pb — less than 0.5 mg/kg. (Ca0 + Mg0):S0;
molar ratio was 1:0.67. The lack of sulphate-anion for
admixtures cations bonding indicates that the part of the
phosphoric acid first ion is exchanged for magnesium [5].

Comparing the chemical composition of phosphoric
acid with the initial chemical composition of phosphorite it
was determined that MgO (89 %), F (25 %), Al,O3 (98 %),
and Fe;0; (85%) were extracted by the acid. Thus, the
dgnificant amount of admixtures is removed from
phosphorite by acid. Using double titration it was
established that approximatdy 15 % of the first hydrogen
ions in phosphoric acid are exchanged for cations
admixtures. The mentioned peculiarity of EPA from
Algerian phosphorite must be considered without any
doubts during the indudtriad implementation of the
neutralization stage. During ammophos production
phosphoric acid obtained from Algerian phosphorite should
be neutralized till higher value of pH compared with that
from apatite concentrate of Kolsky deposit to reach the
same NH3:H3PO, ratio in ammoniated pul p.

3.2. Ammoniated Pulp Characteristics

The results of pH estimation of ammoniated pulp are
represented in Fig. 1. The initial phosphoric acid
(~26%P-0s) was neutrdized by ammonia water
(~25% NH3) and pH was determined with the increase of
NH3HsPO, ratio. By means of calculations and
experiments we determined that pH level of phosphoric
acid ammonization should be 4.55-4.65. Such value is
necessary in order for the fertilizer produced in the
laboratory to be identica to commercid ammophos
(content of N is 12 % and P,Os is 52 %). The molar ratio
NH3:HzPO, should be (1.2-1.3):1. To determine the
digtinctions of the investigated acid ammonization the area
of pH values (3.84.2) and corresponding NH3:H3PO,
ratios are marked in Fig. 1. Such area is typical of the
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industrial conditions for processing of phosphoric acid
obtai ned from apatite concentrate of Kolsky deposit.

Taking into account certain losses of ammonium
during drying it is necessary to prepare the ammoniated
pulp with somewhat higher nitrogen content. Since the
ammoniated pulp obtained from Algerian phosphorite
contains the increased amount of thermally unstable
(NH4):HPQ,, the pulp should be dried under the conditions
when the temperature of drying gases does not exceed
378K and residual hydroscopic moisture of the product is
0.8-1.5 %. Under the mentioned conditions the temperature
of dryable material does not exceed 363K and nitrogen
losses (trangition into gas phase) for drying time (about 1 h)
areat the permissiblelevel (Fig. 2).

3.3. Technological Aspects of Ammophos
Production from Algerian Phosphorite

Thus, we obtained ammophos samples of the
following composition (mas%): PxOsca 52.1;
P205dige§ib|e_ 51.9; P.Ospaer-soune — 47.9; N — 11.2; CaO —
1.1; MgO -3.1; SO;3 — 4.95; Al,03 — 0.35; Fe,0O3 — 0.45;
Ftotd - 1-55; I:Water—soluble_ 0-58; H3P04free_ absent; HZO -
0.94. The content of heavy dements which are ecologicaly
controlled (Mg/kg): Cdigta — 17.6; CAyaer-soiuble — 4.6; Pbiota —
1.5; Pbyaer-soune — < 1. The experimenta results show the
principal possibility to produce the fertilizer based on EPA
from Algerian phosphorite. Such fertilizer meetsthe stan-
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Fig. 1. Solution pH vs. NH3:H;PO, molar ratio at neutralization
of phosphoric acid (26 % of P,Os) obtained from phosphorite
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dard demands for ammophaos by main properties. It should
be noted that in the final product the iron content decreases
from 3.21 t0 2.97 mass parts per 100 mass parts P,Os due to
the partial evaporation of H,SFg [9, 10] formed while
phosphorite sulphoacid decomposition and (NH,).SiFs
decomposition [11] in accordance with the following
reactions:
Cas(PO,)sF +5HS0, =
=3H3PO, + HF +5CaS0y,,
6HF + SO, = H,SF; + 2H,0, 3
HZSFB + 2NH3 Ad (NH4)28|F6 (4)
Therefore while devedoping industrial recommen-
dations for implementation of ammophos production
technology it is necessary to take into account that used
drying gases directed at gas-cleaning unit will be polluted
not only by ammonia but by fluorine-containing com-
pounds as well. The peculiarities of processing of
phosphoric acid obtained from Algerian phosphorite which
were observed under [aboratory conditions were taken into
account during the development of ammaophos production
regulations under the industrial conditions. We took into
consideration both deeper ammonization of pulp and the
problem of drying gases purification in the absorption
system. At JSC “Krymskyi titan” we investigated the
exiging absorption system operated under ammonia
increased content and gave recommendations concerning
the possibility of the same system explaitation while using
new raw material — Algerian phosphorite.
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Fig. 2. Ammonium nitrogen losses vs. drying time

Table
Consumption of raw material for the production of ammophos from Algerian phosphorite (per 1t 100 % P,Os)
Ammophaos from
. . . Ammaophas from Kolsky apatite (data
aw materials Unit Algerian phosphorite " .
(laboratory studies) | oM JSC “Krymskyi
titan”, December 1998)
Phaosphate raw material:
- 100%P,0Os t 1.187 1.165
- red ore t 4.05 298
in particular at EPA preparation stage, 100 % P,Os t 112 1.099
Sulphate acid for EPA preparation, 100 % H,SO, t 3.38 2.83
Ammonia, 100 % NH; t 0.290 0.283
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On the basis of experimental results we calculated
consumption of raw materia for the production of
ammophos type fertilizer (Table).

The difference between consumption of raw
materials for the processing of phosphoric acid produced
from different types of phosphate raw materia has
objective explanation. The increased sulphate acid
consumption while processing of Algerian phosphorite
compared with that of apatite concentrate from Kolsky
deposit is explained by the presence of carbonate minerals
in the phosporites.

The reason of increased ammonia consumption was
specified by us while commercial tests. Sight increase of
phosphoric acid consumption is connected with the
presence of raw material admixtures (magnesium, ferrum
and auminum) in EPA composition. During EPA
ammoni zation these admixtures lead to the retrogradation
of part of P,Os digestible form. The laboratory results
were confirmed during commercial tests.

On the basis of the above-mentioned one can see
that there are no special technological difficulties for
ammophos production from Algerian phosphorite. The
magnesium, ferrum and aluminum admixtures are present
in amounts which have no essential effect on physical
characteristics of ammophos pulp [12]. The pulp is
movable and causes no complications while its
preparation and drying. The ammophos charge does not
complicate granulation and granules are not deformed
while drying.

4. Conclusions

The technological aspects of ammophaos production
based on Algerian phosphorites were investigated. The
necessity of EPA dihydrated regime and H,SO, increased
consumption (by 19.43%) while Algerian phosphorites
processing compared with apatite concentrate were
grounded. The necessity of phosphoric acid ammonization
till pH = 4.55-4.56 to obtain the fertilizer identica to
commercial ammophos (content of N = 12 % and P,Os =
=52 %) was demonstrated. The molar ratio NH3:H3PO,
must be (1.2-1.3):1. The ammophos production based on
EPA (approximately 26 % of P,Os) from Algerian
phosphorites is accompanied by 15% displacement of
first hydrogen ions from phosphoric acid by admixtures
cations of the initial phosphate raw material. The
peculiarity of EPA obtaining from Algerian phosphoriteis
the necessity of acid deeper neutralization (till pH = 4.5—
4.56), which differs from the same process on the basis of
Russian apatite concentrate. The boundary drying
temperature of ammoniated pulp was grounded to be
378 K, which is connected with the increased amount of
thermally unstable (NH,),HPO, in the obtained pulp. On

the basis of experimental results the regularities of
fluorine diminating were established. In particular,
F:P,Os ratio, fluorine supply, as well as excess of NH3 in
the drying gases lead to the adjustment of cleaning system
operation compared with the regime for EPA production
on the basis of Kolsky apatite concentrates.
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PO3POBJIEHHS TEXHOJIOI' T OJIEP)KAHHSA
AMO®OCY I3 AII'KUPCBKUX ®OCPOPUTIB

Anomauia. /locniodceno mexHonoeiuHi achnekmu 8upoo-
HUYmMea amoghocy 3a yMo8U GUKOPUCMAHHA SK CUPOBUHU Q-
srcupcorux pocgpopumie. Obpynmosana HeoOXiOHicnb NiOBUUEHUX
sumpam Cyib@amuoi KUCiomu npu nepepoOnienHss AIHCUPCLKUX
Gocghopumie y nopignsmni i3 MeEXHONOIEI0  nepepobeHHs
anamumogozo  Konyenmpamy. Bcmanoeneno 3anesicnicmv  pH
pozuuny  6i0  monapnozo  cnigsionowenns NHzH3PO,  npu
Hetmpanizayii’ ekcmpaxyiiinoi gocghammoi’ kucromu, 6U20mMoeneHol
i3 amicupcvkux gocghopumis. JJogedeno nompedy Oinvus 21ubOKOL
Helmpanizayii KUCIOmHO20 PO3YUHY Y MEXHON02H OMpUMAaHHs
excmparyiinol ghocghammoi’ kuciomu i3 andicupcoko2o gpocghopumy.
Ob6tpynmosano epanuyny memnepamypy CYwliHHs aMOHI308aHOT
nynenu. Bcmanosneni 3anexcHicms empamu aMOHItIHO20 a30my 6i0
4acy CyuiHHs.

Kniouosi cnosa:. amogoc, ghocghopum, anamum, konyenm-
pam, KUucioma, nyond.





