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STUDY OF POROUS PHOSPHO-GYPSUM COMPOSITES AND
THEIR PROPERTIES ON THE BASIS OF
NOSTOCHIOMETRIC INTERPOLYMER COMPLEXES
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Abstract. The possibility of using bulk waste of the chemical industry - phosphogypsum as
a useful resource is considered. The results of scientific research and practical experience
convincingly proved the technical feasibility and feasibility of using phosphogypsum in the
national economy instead of traditional types of natural raw materials. A brief description of
phosphogypsum, promising areas for its processing, and some statistics are presented.

The article is about the use of chemical ameliorant based on phosphogypsum for
effective feedingin various soil and climatic zones for cereals, vegetables, industrial and other
crops, to increase the yield of cotton and the technological quality of its fiber. That the use of
phosphogypsum as a chemical ameliorant improves the chemical, physical and water-physical
properties of saline soils.

Keywords: phosphogypsum, chemical ameliorant, chemical reclamation, salinization,
gypsum, calcium dihydrate, interpolymer complex, composite material.

Introduction. The rapid pace of development of industry, energy, metallurgy,
metalworking, chemical, petrochemical and other industries, as well as areas of engineering,
construction and household activities entail the inevitable generation and accumulation of
industrial waste on a global scale. And one of the main types of waste is waste from the chemical
industry.

So, in the production of mineral fertilizers, various types of waste are generated, among
which phosphogypsum is a waste of the production of phosphate fertilizers [2]. It should be noted
that at present, a significant layer of problems of a geoecological nature is generally observed,
associated primarily with extensive forms of environmental management, environmental
degradation for various reasons [3; 4], including the irrational management of many sectors of
nature management [5].

Currently, there are more than 60 million tons of phosphogypsum in the dumps of
Ammofos-Maxam OJSC and its amount continues to increase annually (in terms of calcium
dihydrate). The monitoring studies of the phosphogypsum dump located on the territory of the
Almalyk Chemical Plant of Mineral Fertilizers of Ammofos-Maxam OJSC showed that stagnant
phosphogypsum has the same chemical and phase composition. The chemical composition of
phosphogypsum mainly contains oxides of calcium, sulfur and silicon with an admixture of oxides
of iron, aluminum, magnesium, phosphorus, sodium and others. As can be seen from the table, the
mass fraction of the main substance (CaSO4 - 2H20) in terms of dry dihydrate is 97%, the mass
fraction of hygroscopic moisture is 16.4%, the content of water-soluble fluoride compounds in
terms of fluorine is 0.12%. Impurities of toxic compounds of cadmium, arsenic,
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Chemical analysis resultssamples of phosphogypsum of Ammophos-Maxam OJSC

Phosphogypsum (stale), dump of Ammofos
The name of indicators 0JSC

density g/cm3 - 2.3 density g/ cm3 -

1. P205total 2.00 1.39

2.S03 44.33 44.95

3.Cao 29.81 31.33

4. Fe203 0.29 0.64

5. Ftotal 0.42 0.39

6. Si02 13.75 12.44

7. Al203, 0.31 0.58

8. Fe203 0.29 0.64

9. MgO footprints 0.5

Insoluble residue 9.09 7.78

According to technical characteristicsstale phosphogypsum, placed on the dump of the
AmmofosMaxam mineral fertilizer plant, meets the requirements of TU 113-08-418-94
"Phosphogypsum for agriculture” grade No. 2 and therefore can be used for chemical land
reclamation.

Forspecimens of stagnant phosphogypsum (wastes of Ammofos-Maxam OJSC) the
specific effective activity of natural radionuclides was determined, on the basis of which the
sanitary and epidemiological conclusion was given that phosphogypsum samples correspond to
SP No. 202 of 03.02.2012. “Sanitary and epidemiological requirements for ensuring radiation
safety” and phosphogypsum can be used in economic activities without restrictions. For
phosphogypsum samples, toxicological parameters were determined, which showed that the
toxicity value of the aqueous phosphogypsum filtrate in the experiment on laboratory animals
(white mice) corresponds to the 4th hazard class. The total toxicity index of the phosphogypsum
sample is 7.53 units, which according to GOST 30774-2001 classifies this waste as hazard class 5
(non-hazardous).

The total area of solonetzSoils in the Republic of Uzbekistan make up more than 2 million
hectares, of which about 50% of the irrigated lands of Khorezm and the Republic of
Karakalpakistan were subjected to salinization, salinization, and loss of nutrient reserves. For this
reason, crop Yyields on these lands decreased by almost 2 times.

To increase crop yieldson solonetzic and saline soils, it is necessary to increase calcium
reserves in them by adding calcium-containing chemical ameliorants (gypsum, phosphogypsum).
Under the conditions of the abovementioned viloyats, the most effective chemical reclamant is
phosphogypsum, obtained as an industrial waste of phosphorus production. The Ammophos-
Maxam plant in Almalyk has accumulated a huge amount (over 60 million tons) of
phosphogypsum, which consists mainly of calcium sulfate dihydrate (CaSO4 - 2H20),
phosphogypsum also contains phosphates (1.3 - 2.9% ) [20,21]

The main leaders in the production of phosphate raw materials and products made from it
are the United States (43.97 million tons), China (29.0 million tons), Morocco (23.59 million tons)
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- data for 2000 and Russia ( 10.29 million tons) - data for 2006. It should be noted that our country
traditionally occupies one of the leading places in the world market of phosphate raw materials
[1]. In Russia, the largest holdings in the mineral fertilizer industry are Fosagro, EuroChem and
Acron [7].

Methods and Results. Extraction phosphoric (orthophosphoric) acid (EPA) is the basic
product in the production of most of the elemental phosphorus, concentrated simple and complex
fertilizers, and feed phosphates. In our country, Khibiny Apatite concentrate is used for its
production. In industry, there are two methods for producing phosphoric acid: thermal and
extraction. The thermal method of producing phosphoric acid consists in the high-temperature
reduction of phosphates and sublimation of elemental phosphorus in electric furnaces, which is
then oxidized to phosphoric anhydride, which forms phosphoric (thermal) acid during hydration.
The main method for producing EPA is the displacement of phosphoric acid from raw materials
by strong acids. As the displacing acid can be used: sulfuric, nitric, phosphoric, as well as mixtures
thereof. Over 70% of natural phosphate raw materials worldwide are processed using sulfuric acid,
hence the name of the production method - sulfuric acid (extraction). Thermal acid is cleaner than
extractive, even when using low quality raw materials, which is its advantage. However, at present,
there is a decrease in the production of thermal acid, since the process of its production seems to
be very energy intensive. In this regard, it is more expensive. However, at present, there is a
decrease in the production of thermal acid, since the process of its production seems to be very
energy intensive. In this regard, it is more expensive. However, at present, there is a decrease in
the production of thermal acid, since the process of its production seems to be very energy
intensive. In this regard, it is more expensive.

The decomposition of apatite concentrate with sulfuric acid is described by the following
equation (phosphoric acid dissolution of fluorapatite):

Cas(POs)3F + 5H2SO4 + nH3PO4 + mH20 — (n + 3) H3PO4 + 5CaS04 - mH>0 + HF

Phosphoric acid is extracted during the reaction, and calcium sulfate and fluorinated gases
are also formed.

Depending on the temperature and concentration conditions of the process, calcium sulfate
crystalline hydrates (solid phase) may precipitate in the form of dihydrate, hemihydrate or
anhydrite. These forms of the existence of calcium sulfate when changing the mode of conducting
the process can go from one to another. Accordingly, dihydrate, hemihydrate and anhydrite
methods for the production of phosphoric acid are isolated.

Calcium sulfate dihydrate or hemihydrate formed as a by-product due to the content of
P205 impurities in them (undecomposed phosphate, undisturbed phosphoric acid, co-crystallized
P205) is called phosphogypsum or phospho-hemihydrate, respectively. But when considering the
problems of transportation, storage and use, both products are usually called phosphogypsum [6;
8; nine].

Phosphogypsum is a white to gray color finely dispersed, close to monomineral powder,
having high humidity when leaving the chemical plant, according to various sources, from 25 to
45%. Its chemical composition may depend on the type of phosphate feedstock, production method
and method of storage [8; fifteen].

Removing a by-product involves choosing the most reliable and economical way to
transport and store it, taking into account the specific conditions of each enterprise. Currently, two
main directions of phosphogypsum utilization are practiced in the world: discharge into water
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bodies (rivers, seas) and laying on land. The first method is practiced only by some states:
Morocco, Tunisia, the countries of South Africa and Mexico, which is approximately 5% [10].
Ground-based storage of waste requires special engineering structures for storage and is carried
out in the so-called “dry” dumps or in hydraulic dumps (reclaimed or bulk gypsum storage tanks)
[11,12]. The drive has one or another name depending on the method of transportation:

- "Dry" (semi-dry selection) - with the movement of wet waste without neutralization by
road. In Russia, this method is practiced, for example, by Phosphorit Production Association
(Kingisepp, Leningrad Region) and Apatit BF JSC (Balakovo, Saratov Region).

- “Wet” (hydrotransport) - the waste is fed to the dump by hydrotransport via a slurry
pipeline after neutralizing acids in the liquid phase with lime and repulping. Examples are
enterprises: OJSC Metakhim (Volkhov, Leningrad Region), Production Association Ammofos
(Cherepovets) and EuroChem-BMU LLC (Belorechensk, Krasnodar Territory).

In the formation of this kind of mining structures are guided, first of all, by economic and
environmental principles, the meaning of which is to ensure maximum technical and economic
efficiency with minimal disturbance of the natural environment. One way or another, the
ecological balance is disturbed, which is associated with a change in the natural landscape,
pollution of the soil cover, deterioration of the atmospheric air, changes in the condition and
properties of rocks that form the foundations of dumps, hydrological and hydrogeological regimes,
etc. [13,14].

The problem of using phosphogypsum as a secondary raw material for the production of
liquid products has been relevant since the 60s. XX century. The results of numerous studies and
practices convincingly proved the technical feasibility and feasibility of using phosphogypsum in
the national economy instead of traditional types of natural raw materials [15]. This is due to the
content in gypsum from 80 to 98% gypsum, which allows it to be attributed to gypsum raw
materials. Here it should be noted the most promising areas of using phosphogypsum as a valuable
large-tonnage secondary resource:

e in agriculture for chemical reclamation of acid and solonetzic soils and composting with
organic fertilizers;

e in the cement industry, as a mineralizer - additives to the raw material mixture and as a
regulator of setting speed - instead of natural gypsum;

o for the production of gypsum binders and products, filler in the manufacture of plastics, glass;

« inthe construction of roads, the construction of buildings and structures;

o atarrangement of sea and coastal zones;

o for the production of sulfuric acid, etc.

These examples on the involvement of phosphogypsum are mostly positive, but
quantitatively this is only 15% worldwide. The remaining 85% are sent to dumps. This is due to
the fact that phosphogypsum is contaminated with various impurities (sulfuric acid, potassium and
sodium salts, fluorides and silicofluorides, silicon oxide, rare earth elements, radioactive
substances, etc.), which do not allow replacing them with natural gypsum. In turn, the need for the
use of complex and expensive equipment for the preparation of phosphogypsum as a recyclable
material, as well as existing methods, processes and technologies, require large amounts of energy
and heat in comparison with the processing of natural gypsum raw materials. Hence the high cost
of phosphogypsum. An exception are countries that do not have deposits of natural gypsum, for
example, Japan, which completely processes it. Another factor limiting the use of phosphogypsum
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is radioactivity. It is known that radioactive elements migrate in a certain amount during the
processing of phosphate raw materials [14]. The most radioactive are phosphogypsum from
Sweden, Spain and Morocco, which also complicates the involvement of waste in production.
Without additional processing, phosphogypsum is suitable for the construction of pavement
foundations, but only in cases where they are not subject to increased requirements for frost
resistance.

The quality of irrigation of crops largely depends on the uniformity of wetting of the
irrigated area. A number of studies have been devoted to this [17, 18]. It should be noted that there
are still no reliable irrigation equipment and technologies that would ensure a more uniform
distribution of irrigation water in the field. It seems very advisable to achieve a uniform
distribution of water along the length of the irrigation furrow, supplying less irrigation water.

In connection with the above, laboratory and field studies were carried out using composite
materials (CM) as devices for drip irrigation. Irrigation was carried out on trays made of KM with
dispersed fillers having the appearance of a furrow and installed on the ridges of the furrow next
to cotton. Trays from the obtained interpolymer material with a filler were made using special
molds (Fig. 1).

Results and discussion. The problem was solved in such a way that several trays with
certain pore sizes were placed next to each other along the furrow, at a distance of the length of
run-off of irrigation water. Water saving is achieved by eliminating the discharge of water, as well
as ensuring uniform soil moisture along the entire length of the furrow.

The irrigation tray is used as follows: water from the dispensers (Fig. 2.) (1), through a
filter (2) made of polymer material, enters the trays and through it enters the soil. Water
consumption is governed by the size of micropores (3) obtained by the selection of percentages of
components of the polymer material. The filter (2), which is made of the same material, eliminates
clogging of the trays. Irrigation water is supplied to the soil through the pores of the tray in the
form of droplets. Pore sizes can be adjusted by changing the composition of the CM. The width of
the trays is 10 cm, the depth is 12 cm, and the length is 100 cm. By connecting them in series, the
required length can be achieved.

The distribution of irrigation norms by soil layers was determined according to the variants
of small-plot experiments in triplicate. Watering was carried out without discharge. The soils of
the site are automorphic, medium loam in terms of mechanical composition. The optimal rate of
absorption of water into the soil was 0.016-0.017 m / h. The level of moistened soil layers at the
beginning and end of the furrow was 50 and 45 cm for the first, 62-51 cm - second and 81-69 cm
- third watering, respectively.

The balance equation of irrigation norms has been compiled:

Mpr = M1 + M2 + M3;

where mbr - irrigation rate supplied to the site, m®/ ha;

m1 - estimated irrigation rate, m®/ ha;

m2 - water loss due to evaporation, m®/ ha;

m3 - soil moisture below the calculated layer, m3 / ha

Irrigation rates by layers were determined by the size of soil moisture before and after
irrigation after 3, 5, 7, 10, 15 days and were calculated by the formula:

m = 100Hd (PnV'Pf),

where N is the calculated soil layer, m;
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d - soil density, t/ m?;

Rnv, Rf - humidity at the lowest moisture capacity and actual before irrigation,% of the
mass of dry soil.

When irrigating with water flow rates of 0.4-0.6 | / s with irrigation rates of gross 600-650
m? / ha, when the norm below the calculated layer was 20-35 m®/ ha (3.3-5%) and water loss for
evaporation - 30-33 m3 / ha (5%), the calculated irrigation rate will be 550-581 m? / ha. The use
of relatively lower irrigation rates of up to 600 m3 / ha and compliance with irrigation regimes
ensured an increase in yield by 3.4 ¢ / ha, in contrast to the control plot [19].

Conclusion. According to forecasts, by 2040 the amount of waste can double. The question
of bringing phosphogypsum to such a state that it is possible to use it whole and it is cost-effective,
or to assimilate waste in the natural environment without compromising its natural state, is as
relevant as ever. Thus, the current problems of nature management and waste generation are
interrelated, which requires a phased and at the same time comprehensive solution.

It was found that the developed interpolymer materials with excess sodium carboxymethyl
cellulose salt can be used as highly swelling hydrogels and an anti-filter screen, and with excess
urea-formaldehyde resin and dispersed fillers to save irrigation water (uniform distribution of
water along the length of the irrigation furrow). The fact of their role in saving water and cotton
productivity is confirmed.
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