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Review of methods for enrichment of phosphate raw materials in the world

With the development of the global economy, the consumer market for phosphorus-containing products is
growing. All existing deposits of rich phosphorites are being depleted. In this regard, there is a need to involve
in the production of low-grade phosphorites and substandard phosphate raw materials, which are currently little
studied and are not used. For the processing of substandard phosphorites, there is a need for new methods for
improving and enriching low-grade ores and removing impurities as much as possible in order to increase the
content of the target components and improve the suitability for processing. The article provides modern infor-
mation about the processes of enrichment of phosphorites in different countries. This information is fundamen-
tal for further research on the enrichment of Karatau phosphorites. The review is made mainly of two methods-
flotation (applicable for silicate phosphates) and the use of organic acids (for carbonate substances). The mech-
anisms of separation of substances during flotation enrichment and decomposition of carbonate minerals using
of organic acids are described. The advantages and disadvantages of each method are considered. It is estab-
lished that the choice of a certain method is determined by the mineralogical structure and chemical composi-
tion of phosphorites.

Keywords: phosphorite, deposit, chemical industry, production, enrichment, flotation, substandard raw materi-
als, low-grade ores.

Introduction

Phosphorites are sedimentary rocks with a content of P,Os — from 5 % to 30 %, a significant part of
which consists of phosphates close in composition to the Apatite group and are represented by hidden or mi-
crocrystalline formations. Natural phosphates serve as raw materials for obtaining elemental phosphorus and
its various compounds. More than 90 % of all extracted phosphorus is used for the production of mineral
fertilizers.

The world raw material potential of natural phosphates-apatites and phosphorites is estimated at about
30 billion t P,Os. Structurally, it is almost 95 % represented by phosphorites and only 5 % is accounted for by
apatites, and in Russia apatites are sharply predominant (80 %). Africa (Morocco, Tunisia, Western Sahara,
South Africa) holds the leading position in terms of reserves of phosphate ores, and America (USA, Peru,
Mexico, Brazil) is in second place. The Asian continent is characterized by the largest reserves of phosphorites
in China, Jordan, Mongolia, and Saudi Arabia. Australia has significant reserves of phosphorites. About 80 %
of the total world production (130 million tons of commodity ore) is accounted for by the United States, Mo-
rocco, Russia, Kazakhstan, and China. The leading producers of phosphorus concentrate are the United States
(36 million tons) and Morocco (20 million tons). The leading positions in the production of apatite concentrate
are occupied by Russia (4.5 million tons), Brazil (3 million tons), and South Africa (2.5 million tons) [1].

The Republic of Kazakhstan occupies the fourth place in the world in terms of reserves of phosphate raw
materials and is the largest phosphate raw material base in Eurasia. Today, about 45 deposits of phosphorites
have been explored. Among them, the resources of Karatau phosphorite ores are more than 15 billion tons of
P.Os, where the largest deposits are Zhanatas, Kokzhon, Koksu, Aksai and Akzhar. However, all the above-
mentioned countries of the world, including Kazakhstan, have depleted the resources of the rich in P,Os con-
tent. In this regard, the use of low-grade phosphorites is required, but their processing requires an enrichment
process [2].

Discussion

Usually, flotation, thermal (calcination) and mechanical methods are used for ore phosphorite enrichment
in practice. Flotation is of great importance as a secondary method of enrichment, and is used in the enrichment
of phosphorites. The method is based on the different ability of minerals to wetting with water. Through an
aqueous suspension of crushed solid ore, air is blown from below with small bubbles. Hydrophobic particles
of raw materials (apatite) adhere to air bubbles and are carried out with their help to the surface. The formed
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foam is collected in special receivers. The flotation concentrate is obtained after the destruction of the foam
solid residue. There are difficulties in the enrichment of sedimentary rocks (phosphorites) with carbonate im-
purities, since they are resistant to flotation.

For example, the enrichment of Karatau phosphorites occurs at the processing plants in Zhanatas and
Karatau city in the Zhambyl region. In many cases, these processing plants are enriched with phosphorites of
siliceous-carbonate composition and use a combined method-chemical-flotation and suspension-flotation. The
essence of the combined method is that at the first stage, after crushing the ore and screening the fraction,
suspension enrichment is carried out. In this case, a mixture of acidic sodium salts of aliphatic polyphosphoric
acids with the name «Flotol-7.9» is used as a flotation reagent. At the second stage, carbonate flotation of the
heavy fraction is carried out. Increasing the content of P,Os is achieved by the fact that the enrichment is
partially removed siliceous rock (with a light fraction and slime) and reduces the volume of slime, clay parti-
cles. This method was used for the phosphorites of the Aksai deposit, where the initial ore contained
P,0s521.6 %, MgO 3.48 %, and an insoluble residue 21.9 %. The overall results of the combined scheme were:
P,0530.2 %, MgO 1.75 %, insoluble residue 13.46 %. The obtained indicators of the content of basic sub-
stances indicate the suitability of the enriched product for further processing [2].

It is known that various collectors and depressants are used for flotation. Fatty acids [3], amphoteric
derivatives of amines [4] and others are considered as collectors and depressants. In Brazil, natural flotation
reagents such as coconut oil and starch were used to enrich low-grade phosphorites in the Itataya field, Ceara
state with a content of 17.34 % P,0s, 20.78 % CaCO; and 24.14 % SiO; for flotation [5]. As a result, the
content of P,Os in the concentrate at 80.8 % extraction reached 30.5 %.

In the same country, scientists [6] conducted a laboratory study using a collector in the form of soy bran
oil, Flotanol D25 (polyalkylene glycol ether foamer), sodium hydroxide, phosphoric acid, citric acid and
carbon dioxide. The initial composition of phosphorites: 17.73 % P,0s, 34.00 % CaCO3 and 24.14 % SiO-. In
the first stage, soy bran oil and Flotanol D25 were used to separate the insoluble residue. In the second stage,
the effectiveness of phosphoric and citric acid for the extraction of carbonates was investigated. When using
citric acid, the P,Os content reached 32.46 % (product yield 87.3 %), and when using phosphoric acid
P,0527.86 % (product yield 87.6 %).

A study of two-stage calcite flotation followed by phosphorite flotation was also conducted. For flotation
of calcite are used the same collectors — soybean bran oil, Flotanol D25 and carbon dioxide. The addition of
carbon dioxide is explained by the fact that it reduces the strength of hydrogen bonds and facilitates the ad-
sorption of the reservoir. For flotation of phosphorite used sodium hydroxide and soybean bran oil. As a result,
the flotation concentrate had 32.48 % of P,Os. The presence of carbon dioxide increased the selectivity of
calcite flotation in relation to phosphorite even when using a low collector dosage by suppressing the electro-
static barrier for adsorption of the anion collector [6].

The phosphorites of the Guizhou deposit (China) are classified by scientists as low-grade phosphorites
according to the content of P,Os 23.56 %, while this content belongs to ordinary ones. But nevertheless, re-
garding the phosphorites of this Deposit, research was undertaken on enrichment by the method of reverse
flotation, where rapeseed oil was used as flotation reagents in combination with the de-magnesium collector
EM-LS-01. By studying the flotation characteristics of various fatty acids, scientists obtained the flotation
agent EM-LS-01 by saponification, amidation and addition of surfactants. The effectiveness of the flotation
agent was proved on Guizhou phosphorites, where the results obtained flotation concentrate with P,Os 30.25 %
with a product yield of 90.63 %. The authors argue that it is necessary to study the composition and nature of
fatty acids, and deduce the hypothesis that the higher the content of linoleic acid in vegetable oils, the better
the performance of flotation [7].

The economic component of the flotation process is touched in the investigations of Chinese scientists.
They conducted research to reduce the dosage of flotation reagents using the gravity-flotation method for the
phosphorites of the Yichang deposit in Hubei province. In the first stage, using gravitational separation, it was
possible to obtain a gravitational concentrate with P,Os of 28.95 %. In the future, flotation was performed with
the resulting concentrate, where liquid glass, sodium oleate and sodium dodecyl sulfate were used as flotation
reagents for comparison. Because of its mineralogical structure, the main mineral in these phosphorites is
dolomite. In this regard, sodium dodecyl sulfate is a collector of dolomite. The study resulted in a flotation
concentrate with P,Os of 30.36 % with a product yield of 75.36 %. The improved gravity-flotation combined
process has proven to be effective in reducing the flow rate of flotation reagents from 6.1 kg/t to 3.9 kg/t with
similar separation results [8].
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Promising research on phosphorite enrichment is also being conducted in Africa. For example, in Zim-
babwe, The Mumbwa phosphorite deposit is 22.7 % in terms of the main component P,Os. In laboratory con-
ditions, flotation was performed using petroleum sulfonate as a collector. The results of the study allowed to
obtain a flotation concentrate with P.Os content of about 37 % at the optimal dosage of the flotation agent
1100 g/t [9].

Of the African countries in terms of phosphorite reserves, Tunisia stands out, where deposits of phospho-
rites are located in the Gafsa-Metlaoui basin in the South of the country. The Tozeur-Nefta field is a very
important resource for the economy of this country, where according to data there are 410 million tons of
phosphates. But it was not previously used in industrial scale because of the low content of P,Os (about 12—
16 %). Before flotation, the raw material underwent mechanical treatment, which resulted in raw materials
with P20s 15.5 %. Phosphoric acid was used as an anion collector to remove carbonate impurities. According
to the results of the study, the P,Os of the flotation concentrate was 27.1 %, but the CaO/ P,Os ratio of 1.71 is
high and makes the product unsuitable for industrial use [10]. In addition, use as a flotation agent is economi-
cally unprofitable due to the high cost.

In this regard, the following work is a study of the enrichment of phosphorites in Egypt, where phosphoric
acid was completely replaced by oleic acid mixed with kerosene (in a ratio of 1:1) as a collector. High-grade
sodium carbonate, hydrochloric acid, and bromoform were used as pH regulators for comparison. For labora-
tory research, crushed ore was used 0.25 mm + 0.074 mm. The P,Os content was 19.59 %. When using bro-
moform, the P,Os content increased to 33.43 %. But due to its toxicity, it is forbidden to use bromoform in
industry. Studies with a mixture of oleic acid with kerosene allowed increasing P20s up to 30 %. The mecha-
nism of interaction of this mixture with phosphorite is explained by the fact that at low pH oleic acid is essen-
tially present in the form of neutral molecules. Consequently, these neutral molecules physically bind to the
calcite surface, which is slightly positively charged, by hydrogen bonding with H.COs, improving the selective
flotation of calcite [11].

Also in Egypt the method of enrichment of phosphorites by acid leaching with the use of inorganic and
organic acids has been studied. Inorganic acids are strong in comparison with organic ones, and in the leaching
process carry away a part of the phosphorites, which are subjected to the action of a strong acid. For example,
the phosphorites of the Abu Tartour deposit (Egypt) have a P,Os of 21.8 %. 4 organic acids were selected for
leaching, namely acetic acid, tartaric acid, citric acid and oxalic acid. The authors note the cost-effectiveness
of using organic acids to remove carbonate impurities and the solubility/digestibility of phosphates in the final
product. The process of leaching with organic acids is carried out at relatively low temperatures and concen-
trations, since with an increase in the temperature of the process and the concentration of the acid, the transition
of phosphates to the solution is possible. The studies were conducted in laboratory conditions at room temper-
ature and reaction time equal to 30 min. The ratio of S:L, is respectively, 1:2. The concentration of the acid is
0.2, 0.8 and 1.4 M in terms of leaching efficiency, tartaric acid was the weakest, followed by citric and acetic
acid. The use of oxalic acid increased the P,Os content to 28 % [12].

Similar studies on the use of organic acids have been conducted in China. Phosphorites from the Xinhua
deposit with a P,Os content of 17.45 % were selected for study. The organic acids selected for leaching were
diluted, thereby reducing the concentration. This is due to the fact when water is diluted with organic acid, the
contact surface between the dolomite and the acid increases. Meanwhile, acids with high concentrations do
not react with calcium and magnesium carbonate due to the high polarity of the O-H-bond of the acid mole-
cules. In comparison with the previous work, the reaction time was increased to 40-60 minutes and the tem-
perature to 40 °C. At 30 minutes of reaction and at 40 °C, P,Os is reached 33.78 %. When increasing the time
already at 40 minutes revealed a slight entrainment of phosphates in the solution, but the removal of the car-
bonate component improved. The results of the study are confirmed by thermodynamic methods of analysis,
the data of which indicate the primary leaching of carbonates than phosphates [13].

Leaching with organic acids was also studied in Uzbekistan of Kyzylkum phosphorites of the Zheroy-
Sardar deposit with a P,Os content of 16.2 %. Acetic and formic acids were used as leachable reagents. As a
result of the conducted laboratory research, the optimal stoichiometric norm of acetic and formic acids was
established in the limit of 110 %, the time of 240 min and the temperature of 25 °C. The content of P,Os in the
final enriched product was 23.27 %, which is suitable for obtaining phosphorus and phosphoric acid. In this
case, the regeneration of waste acid, as stated here and in previous works is carried out with sulfuric acid [14].
The process of regeneration has not studied yet been fully, since the process of leaching with organic acids has
not introduced yet been into production anywhere in the world.
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Conclusions

The use of organic acids is characterized by high efficiency, low cost, simple operating conditions (room
temperature and atmospheric pressure), the possibility of organic acid regeneration, preservation of the surface
properties of the resulting phosphate. In addition, it does not cause any special environmental hazards due to
the produced by-product in the form of pure calcium sulfate (gypsum) in comparison with phosphogypsum
obtained by sulfuric acid decomposition. In industrial applications, organic acids have a weakly pronounced
corrosive effect.

In conclusion, the identification of new, technologically optimal, cost-effective, environmentally safe
opportunities for enrichment of substandard phosphorous raw materials and the implementation of the results
in production is an urgent task for researchers.
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E.b. PaiibiM6ekoB, Y. bectepekos, I1.A. A6nypa3oBa

9uiemjeri pocdar MUKIZaTHIH 0alibITY JAicTepiHEe HIOTY

JKahaHnplk 5KOHOMUKaHBIH JaMybIMeH (Gocqopibl eHIMAEpIl TYTHIHY HapbiFbl ocyne. Kaszipri kesmeri Oait
(ochopuTTepain KeH OpeIHIApH! capKbuTyna. OckiraH OaifmaHbICTE Kenel (GochopuTTep MEH KOHIUIHSIIBIK
emec (ocdar MUKI3aThIH OHAIPiCKE TAPTY KKETTUIIr TYBIHAQM B, O1ap Ka3ipri yakpITTa a3 3epTTeNreH jKoHe
KOJIJaHYChI3 xKaThIp. JKapamabuibirsl ToMeH GochopuTTepai KaliTa OHey YIIiH TOMEH CYPBINTHI KeHaepai 6a-
MBITYIBIH JKOHE MaKcaTThl KOMIOHEHTTEP/iH KypaMblH YJIFaUTy MEH KalTa eHJAeyre jKapaMbUIBIFbIH JKaK-
capTy MakcaTblH/a Kochajapabl OapblHIA KOIOJBIH JKaHa SAICTepiHe KaKeTTUIr TyblHAaiasl. Makanana
TYpIi enaepain Gochoput OaibITy mporecTepi Typaibl 3aMaHayn ManiMertep Oepinren. byn momimerrep Ka-
paray ¢ochopHTTEpiH 0J1aH opi OAMBITY Bl 3€PTTEY YIIiH HETi3re ABIHATHIH aKmapat 0oJbm Tadbitansl. Heri-
31HEH €Ki oJlic — QIoTanus (CHIIMKATTHI pocdarTap YIIiH KOJJAHBIIA IbI) dKOHE OPTaHUKAIBIK KBIITKBUTIAP B!
naiinanany (kapOoHATTHI 3aTTap yiliH). OIOTAlUSIBIK OalBITy KOHE OPraHUKANBIK KBIIIKBLUIIAPAbl KOJIaHY-
JaFbl KapOOHATTHI MHHEpaJJap/blH bIIBIPAaybl Ke3iH/Ae 3aTTap/AblH OeiHy MeXaHM3MAepi CHIIAaTTajFaH. Op
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TOCUIIIH apTHIKIIBUIBIKTAPBI MEH KeMIIiTiKTepi KapacTbipbutran. benrini 6ip oaicti tTanaay dochoputrepain
MMHEPAJIOTUSIIBIK KYPBUIBIMBIMEH XKOHE XUMHUSUIBIK KYPaMbIMEH OaiiIaHbICTHI €KEHI aHBIKTaJIFaH.

Kinm coe30ep: pochoput, KeH OpHBI, XMMHUSI OHEPKACiOi, oHAIpic, OaibITy, dioTanus, sxapaMAbLUIBIFEl TOMEH
MINKi3aT, TOMEH CYPBIITHI KEHAEP.

E.b. PaiteimOexoB, Y. becrepekos, [1.A. AGaypa3oBa

O030p MeTOon0B 0OOramenns pochaTHOro ChIpbsi B MUpe

C pa3BuTHEM ITI0OAIBHOM SKOHOMHKH BO3PAcTaeT MOTPEOUTENBCKUIT PHIHOK B (ochopconepikamiux MpoIyK-
Tax. Bce HBIHE CyIecTBYIONIIE MECTOPOXKICHNUS OOTaThIX (POCHOPUTOB NCTOIIAIOTCS. B CBSI3M € 9THM BO3HH-
KaeT HeoOXOAUMOCTh BOBJIEYb B MPOU3BOJACTBO OemHble (HochOpPUTH 1 HEKOHIUIHUOHHOE (ocdaTHOE CHIpbE,
KOTOpBIC B JAHHOE BPEMsI MAJIO H3Y4CHBI U HE HCTIONB3YIOTCS. [l nepepaboTKu HeKOHAUIMOHHBIX (ochopu-
TOB BO3HHMKAeT HEOOXOMMMOCTh B HOBBIX METOJAX YJYHYIICHUS M 00OTallleHUs] HU3KOCOPTHBIX PyIl M MaKCHU-
MaJIbHO BO3MO)KHOTO yJaJeHHUs IPUMecel B LeIAX YBEIMUYCHHUS COCPIKAHUS 1IEJIEBBIX KOMIIOHEHTOB H yJIyd-
IIEHMs! TPUTOJHOCTH K IepepaboTke. B craThe mprBeieHbl COBpEeMEHHBIE CBEAEHHS O IpoIieccax 000TaleHUs
(ochopuTOB paszHBIX CTpaH. DTH CBEACHHUS SIBJSIFOTCS OCHOBOIIOJIATAIOIINMH JUTS TATIBHEHIIINX HCCIIeJOBaHU I
oboramenus pochopuror Kaparay. Crenan 0630p NperMyIIECTBEHHO IBYX METOJOB — (ioTaiuu (mpuMe-
HUMO JUISl CHIIMKAaTHBIX (Oc(aToB) U MCIOIB30BaHHE OPraHMYECKUX KUCIOT (A1 KapOOHATHBIX BEIIECTB).
OnwncaHpl MEXaHU3MBI PA3JICICHNs BEIIECTB MPH (IIOTAIIMOHHOM OOOTAIICHHH W PA3I0KEHHH KapOOHATHBIX
MMHEpPAJIOB IPY IPUMEHEHHH OPraHWYECKUX KHUCIOT. PacCMOTpPEHBI NPEUMYIIECTBA U HEJOCTATKH KaXI0To
crocoba. YCTaHOBJICHO, YTO BHIOOD ONPEIEICHHOTO MeTo /1a 00YCIOBINBACTCS MUHEPATIOTHYECKUM CTPOCHHEM
1 XUMHYECKHAM COCTaBOM (OCHOPHUTOB.

Knrouesvie cnosa: Gpocdoput, MECTOPOXKACHHE, XUMUYECKast IIPOMBIILICHHOCTD, IPOU3BOJICTBO, O0OTaIlICHHE,
(utoTanusi, HEKOHIUIIMOHHOE CHIPhE, HU3KOCOPTHBIE PY/IbL.
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