Exonoriuna 6e3neka Ta 30a1aHcoBaHe PeCypCOKOPHCTYBAHHS

MPUPOJHO-TEXHOTCHHUMH cucTeMamu. Ilpu 1boMy BIIacCTUBOCTI €KOCHUCTEMH, ii CHHEpPreTH4HI
XapaKTEPUCTUKH TMPOSIBIAIOTHCS MPU B3aeMOJIT 3 (PaKTOpaMu HaBKOJUIIHBOTO CEPENOBHINA, IO
MOJKHA PO3MIISAJATH SIK IHTErpajbHa CYKYIHICTh CYMDKHHX cepenoBHIl. OTXe, HACTYITHUM €TaroM
CTAQHOBJICHHS CHHEPIETHKU €KOJIOTIYHMX TMpOIEeciB € (OpPMYyBaHHS CHHEPrii TMPOCKTYBaHHS
eK00e3MeYHNX TEXHOJOTIYHUX MPOIECiB, OJHUM i3 HamNpsAMKIB sSKOro € OiorexHoioris AMJ] 3
BWJIYYCHHSIM O10T€HHUX PEUOBHH Ta JETOKCHKAIIIEIO BITXO/IIB.
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TECHNOLOGY OF OBTAINING ENRICHED PHOSPHATE MATERIAL S WITH
REMOVAL OF HEAVY METALS IN WASTELESS PROCESS

Y crarti 3anponoHOBaHO MiAXix A0 Oe3BiAXOMHOrO (MaJOBIIXOJHOIO) MPOIECY
BUPOOHUIITBA MiHepadbHUX n00puB. IIpencraBieHi pe3yabTaTd MNPOBEACHUX JMOCTIIKEHb 3
YTHIII3a1i] TOHKOJAUCIIEPCHOTO BUCOKOTOMOTEHI30BaHOTO CYCIIEHI0BAHOTO BiIXOY, IO YTBOPUBCS
Mpu po3kJ1aianHi (ochHOPUTIB a30THOKUCIOTHOM CITOCOOOM 3 OTPUMAHHSM TOBAapPHOTO MPOJIYKTY Y
Burisigi NPK — no6pusa mapku 10:10:10.Texnosnoris otpuManHs 30araueHux ¢ochopuTis, sKa
omucaHa B CTaTTi, HE BUMArae CreriaibHoro o0JaaHaHHs 1 MOXe OyTH peaji3oBaHa Ha BUPOOHHUUIN
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niHii oTpuMaHHs cyniepdocdaris.
Kir04o0Bi cjioBa: a30THOKHMCIOTHE PO3KJIaAaHHA, (pOchOpUTH, BaKKi METaH, yTHIi3alis,
MaJIOOTXOIHA TEXHOJIOTIA

B crarbe npemioxkeHo moaxo/ K 0e30TX0AHOMY (MaIoOTXOHOMY) MPOIIECCY MPOU3BOICTRA
MUHEpaNbHBIX ymoOpenuil. I[lperncraBieHbl pe3ynbTaThl TMPOBEACHHBIX HMCCIEAOBAHUN  T10
YTWIM3AIMA  TOHKOIHMCIIEPCHOTO BBICOKOTOMOTCHH3HPOBAHHOTO CYCIIEH3UPOBAaHHOTO OTXO[a,
o0pa3oBaBIIerocss MpH Pa3IoKeHHH (HOCPOPUTOB A30THOKHCIOTHOM CIIOCOOOM C MOJIy4eHHUEM
toBapHoro mpoxaykta B Bujae NPK — ymobpenmss mapku 10:10:10. TexHomorus momydeHUs
oOoraimeHHbIX (ochopUTOB, KOTOpasi ONKCaHa B CTaThe, HE TPeOYeT CHEIHMaILHOTO 000pyI0BaHUS
1 MOXXET OBITh peajln30BaHa Ha MPOU3BOICTBEHHON JTUHUH TTOJTy4eHHe cyrepdocdaros.

KiroueBble c/10Ba: a30THOKUCIOTHOE pas3iokeHue, (ochoputS, TsKenble METalIb,
YTHJIM3AIHS, MAJIOOTXO/IHAS TEXHOJIOTHS

The article focused on the approach to the wastef@®cess of mineral fertilizers
production. There is shown researches of utiliratb thin-dispersional high-homogenized liquid
waste which is created during nitric-acid methodle€omposition phosphorites with receiving of
commercial product as fertilizer (N:P:K=10:10:10echnology of obtaining enriched phosphate
which is considered in the article does not requipecial equipment and can be used on the
production line of the production of ordinary sypessphate.

Key words: nitric-acid method of decomposition, phosphoriteavy metals, utilization,
wasteless technology

Problem statement.Effective management of agricultural productiorsdzhon the timely
introduction and in sufficient quantity (quality)f enineral fertilizers, which contain the most
important elements for plants nitrogen, phospha@od potassium. In the absence or lacking of
phosphorus in the soil not only reduces crop yiebdg also significantly reduces the efficiency of
the action of nitrogen and potash fertilizers. Tlhes of active substances with the crops is
depressing factor affecting soil fertility not oniy the present, also long-term, and reduces the
quality of agricultural products.

Due to numerous problems, among which were anidasélthe main economic instability
and lack of phosphorus own raw material base, iskadaby a sharp decline in the production of
mineral fertilizers (since 1990). Existing apatiteenite and rare-apatite ores require significant
investments in the development and the developroeémew technologies for their processing.
Domestic phosphate rock is complex in terms of netdgy. For Ukrainian phosphoresces low
content of P205 and a high content of harmful intfs (mainly acid-soluble oxides). Therefore,
recycling of domestic phosphate traditional methofiacid digestion technologically impractical
and economically justified. Their use has localoegl character [1].

Power plants in Ukraine for the production of pHuse fertilizers are not used by more
than 25%. One reason for the low capacity util@anf the industry of mineral Fertilizer is the hig
cost of imported raw materials, which have tradiéily delivered from Russia from the Kola
Peninsula, through the supply of Khibiny apatitenaentrate. To date, the Russian enterprises
themselves are experiencing an acute shortageasippate raw materials. All this has led to the
inclusion in the phosphate raw materials Ukraine@ paosphates including low phosphorus content
and is usually a higher content of impurities. dud phosphate processing most of impurities
contained transfer to the solution. These cause®ase viscosity of the liquid phase, increase
losses during processing (enrichment), reducedemitcontent in the finished product. At the
moment, the main suppliers of phosphate raw madeta Ukraine are the countries of North
Africa, especially Algeria [2].

Literary review. Algerian phosphates are the product of the enrgtinof sedimentary
phosphate ores. These ores are relatively younigneathry rocks and are a mixture of minerals
from beige-brown to black colour.
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Phosphate substance of phosphate ore is fluorateapatnerals containing carbonates:
francolite, kurskite, fluorine karbonatapatit. Thesomponents are characterized by ore
microcrystalline structure, high porosity, and mb$persity of particles, ph 10% aqueous solution
varies depending on the batch of 6 to 11.

The density of the Algerian raw material is 1.6-.7 cn?, to compare the same figure in
the Tunisian phosphorite is 2.5 gftm

Solubility Algerian ores in 2% citric acid, 15-3086d in 2% formic acid, this component is
13-74%, which characterizes their high reactivity.

Algerian phosphorite is completely resistant to greduct of environmental conditions
[5,6].

Table. 1, 2 shows the main characteristics of thgedan raw materials affect to the
recycling process. For comparison, the performasfcphosphate raw materials Khibina (Kirov
apatite) and Tunis fields.

Processing of high-Mg phosphate rock in a numbertrafiitional technologies on
phosphoric acid and fertilizer difficult or evenpossible. In particular, the processing of phosphat
raw materials with a high content of magnesium phosic acid decreases the coefficient of acid
decomposition and the resultant phosphoric acid vesoncentrated to the concentration of 50%
or higher. In this regard, the processors phosphatk phosphate concentrates manufacturers
impose strict requirements on the content of Mg{@hHbhosphate varietal MgO usually contain no
more than 0.7%. These restrictions apply to othgpurities, such as heavy metals. After the
processing of phosphate rock with a high contenCdfin the fertilizer enters the bulk of the
pollutant. The subsequent use of such a produatlemihe accumulation of heavy metals in soil and
food, and later on in the human body, thereby leath disease.

Table 1
The chemical composition of Algeria phosphate
Index Unit Phosphoritel Phosphorite of | Kirov apatite
No of Algerian TunisNe213
1 2 3 4 5
1 | POs, % 30 29,3 39
2 | MgO, % 1,22-2,0 0,2 0,3
3 | FeOs + Al,O3, % 0,78 0,61 1,3
4 | Cl,% 0,06 0,07 0,014
5 | CO,u 4,4 5,85 0,2
6 | HO, % 0,53 1,5 0,56
7 | CaO, % 47,62 47,4 52
8 | SIO, o 3,5 3,75 1,4
9 |F,% 3,3 3,49 3,0
1 2 3 4 5
10| Sr, % 0,27 0,03 2,3
11 | NaO, % 1,22 1,57 0,9
12 | K50, % 0,1 0,053 0,1
13| Cd, mg/kg 16,1 22 0,1
14| Pb, mg/kg 2,8 2 1,8
15| As, mg/kg 2.8 3,9 2
16 | Sieve residue01K, % 85 94 -
17| The total efficiency of natural 848 442 130
radionuclides Bq / kg
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Table 2
Granular composition of phosphate rock
Phosphates Mass fraction of particles, % the size in mm

>2,5|>11 0,63-| 0,315-| 0,2- | 0,1-| 0,063-| <0,063
1,0 | 0,63 |0,315 0,2 | 0,1
Algerian phosphorite 0 2602 | 21,3| 19,71 448 6,5 5,0

Nitric acid decomposition method is promising, doi¢he lower solubility of impurities, and
the resulting extract than in sulfur — and phosplisalutions.

Almost complete degradation of phosphorite is addewithin 20-30 minutes at 45-50 °C.
First decompose containes in phosphate raw mateadionates of calcium and magnesium,
causing a rapid churning pulp, thereby severelygimaiting the conduct of the process. As there is
a gradual decomposition of phosphate rock withindcid neutralization of the solution and the
accumulation of reaction products. As a resulthaf lecomposition process is gradually slowing
down.

To prevent the inhibition of the reaction processiormally carried out at 2-5% excess of
nitric acid to waste including the decompositioncafbonates. In some cases an excess of nitric
acid is increased to 20-50%, if necessary subseéqueoessing operations of the solution obtained
fertilizer.

As a result, decomposition of nitric acid phospteoformed pulp, the solid phase which is
composed mainly of insoluble compounds on silidguid phase pulp nitric acid extract contains
various amounts of nitrogen, phosphoric acid, fisdicic acid and nitrates.

Contained phosphorites organic compound and fercoogound interacting with the nitric
acid to form nitrogen oxides. This causes a lossitfc acid, and moreover, a danger of air
pollution by oxides of nitrogen production facility

The degree of decomposition of phosphate rock gradspthe ratio of the,Ps passed into
the solution to the amount ot®s in the raw material, at a rate of nitric acid idstantially less
than the stoichiometric rate of acid. Interactiomhwhosphorites average concentrations of nitric
acid occurs rapidly, and most of the phosphate raine dissolved during the first 15-30 minutes.
The process speed is almost independent of theentmation of nitric acid in the range of from 45
to 55% HNQ. With increasing acid concentration decreasestlam@mount of water increases the
concentration of salts in the solution.

An increase in temperature accelerates the decotigposf phosphate with nitric acid by
reducing the viscosity of the solution and to imy@dhe diffusion of the reactants. However, at
temperatures above 50 °C increases the corrosi@gupment. Therefore, the process is usually
conducted at 40-50 °C.

Technical requirements for phosphate cheeses,odigetinological feasibility and economic
viability of processing it in phosphate fertilizexsd other products.

The object and aim of the study The object of the study was phosphate raw méderia

The aim of this work was to obtain a phosphate maaterials to meet the basic requirements
for higher quality cheeses. Further processindneflatter in the fertilizer and the full utilizaticof
the by-product of enrichment. Thus, objective af thork next: selective expansion of the Algerian
phosphate rock with nitric acid.

Experimental part and results obtained.Chosen nitric acid move the selective thermal
decomposition of carbonates included in the dolemmiitric acid, wherein, removal of materials
soluble magnesium compounds and reducing the dootdreavy metals (cadmium) in the product
and to minimize the passage of phosphates in qo@liphase, provides enrichment of phosphorite.
All this takes the original Algerian phosphoriteaatigher level trade.

Together with the Institute of fertilizers and pigmts developed technology for rich
phosphorite AZTN-acid method. By varying the prdjmors of components and process parameters
investigated the conditions and the optimal paramsdhe process of getting rich phosphorite.
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The experiment was based on the use of magnesiataioimg phosphate rock deposits of
the Algerian El Jebel brand BPL. Which is charazest by a significant carbonate content (4 to
8%).

Carbonates in phosphorus present in the form oferala calcite CaC9$and dolomite
(CaMg2-n)(CO,), and are part of the phosphorus-containing misgrthe high content of
magnesium (MgO 1.2 - 2%) and cadmium (Cd =10-1&uqg)g/

Table 3
The chemical composition of Algeria phosphate used the experiment

The original Algerian P,Os, | Cal, | H0, | MgO, | CO,, | F, | Cd, Pb, As,
phosphorite % % % % % % | mg/kg| mg/kg | mg/kg
30 47,62/ 053 | 1,22 | 72| 3,316,1 | 2,8 2,8

The main element of enrichment technology is thadyng of phosphate rock phosphate
rock, after mining and washing with water clay @atbonate rocks. Next, the resulting wet weight
laundered phosphorus containing high content of nesigm compounds and heavy metal is
transferred to the chemical enrichment.

Decomposition of nitric acid phosphate is a comptemcess, it can be represented as
follows.

In the initial stages of amino acid decompositidnpbosphorite most actively manifest
themselves admixture of calcite and dolomite.

CaQ + 2HNG; + 3H,0 = Ca(NQ), +4H,0 + CO (1)
(Ca,Mg)(CQ)2 + 4HNG; = Ca(NQ), + Mg(NG;), + CO, + Hz0 (2)

The liberated by the reaction rapidly (1,2) £©am forms on the surface of the reaction
mass. Due to the presence of impurities in the pihastes of organic matter and clay particles of
foam can be stabilized.

Acid digestion fluorapatite in the extractor prodgeas with the initial formation of
monocalcium, since the bulk of the liquid phaséhefreaction slurry solution of nitric acid.

Ca(POy)sF>2 + 20HNG; = 10Ca(NQ), + 6HPO, + 2HF 3)

Decomposition frankolita nitric acid is also cadrieut by the reaction with the formation of
monocalcium phosphate.

Cayo[(POs)s5,2(COs)o,8F0,6] F(OH) + HNG; =
= 10Ca(NQ), + 0,8 CQ + 1,8HF + 1,8HO (4)

In consequence of the reaction (6) isolation ofrdaction mass of C{practically up to the
moment of complete decomposition of the phosphatk. r

Along with the basic chemical reactions accompaimedhe decomposition of phosphorite
reaction with acid impurities, resulting in the gqoosition of the liquid phase alkali compounds pass
(NaO, Ky0), sesquioxides (ADs, F&0Os), magnesium oxides and heavy metals.

After completion of the initial interaction of thedmponents resulting slurry is separated
into a fine suspension which is largely transfercethpound of magnesium, calcium and heavy
metal preferably thickened and aggregated parteneished phosphorite.

The slurry containing particles phosphorite filkratashed first, then with water, thereby
making it more environmentally friendly technologysing the principle of circulating water. The
washed sediment-rich phosphorite is dried in ardrye

After drying, the product turned phosphorite trawigrks B and C (TU U 24.1 1-14005076-
065-2003). For phosphorite grade A further calcomais carried out (calcination) of the product
enrichment, partial leaching of water Ca(@Hig(OH),, and final drying.
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The dried enriched filtrate is used as a raw maltdar the production of fertilizers and
phosphoric acid or shipped to the customer.
Enriched phosphate rock contains 321% what is 103.3- 110% BOs and less than 0.7%

MgO, which is 43% less than the original phosphorus

The content of environmentally-controlled elemeatimium per 1 kg of #s enriched in
phosphorus 30-40% less than the original. A by-pobdf enrichment, a fine suspension is directed
to produce fertilizers, the use of which shouldused in an area adjacent to the processing plant.
To give the products of satisfactory utilizationpdfysical, mechanical and chemical properties of
soluble compounds convert the suspension. Reclley sre as follows. In fine suspension of the
additive potassium sulphate and conduct their c@nwe processes such as:

Ca(NR+K2SO, = CaSQ + 2KNG; (5)
Mg(N® + K,SOy = MgSQ, + 2KNGO; (6)

When administered potassium supplements sulfatearmmdtio of the mixture was
maintained within H@": K,SO, 1 : (0,14 + 0.18). Thus obtained NPK-pulp, whishtfie main
nutrient content close to balanced.

During the granulation and drying, chlorine-freeKNBrand ydobpenie 10:10:10. containing
10 = 1% of each feed component.

Conclusions.This technology is getting rich phosphorite regsino special equipment and
can be performed in-line production of simple sppesphate.The developed technology allows the
production of enriched phosphorite:

- Expand the raw material base of production of nahtanrtilizers.

- To obtain a quality produet enriched phosphorite, wherein the phosphorus obnte
increased to 3 - 10% in terms i, which can be used in the production of phospfeatgizers.

- To reduce the content of heavy metals, especialilyntum by 30-40%, compared to
the starting material.

- This technology allows you to work with high magaesaw materials, reducing the
magnesium oxide content of 43%, translating toghéyi competitive level.

- To provide a balanced product for fertilizer blendgh a ratio of POs : CaO as 1:1.

- Obtaining chlorine-free NPK-fertilizer grade 10:10:containing 10 + 1% of each
nutrient component.

- Get the environmental and economic benefits usiegotinciple of water recycling.
(Closed cycle of production).

- Get the environmental and economic benefits throinghuse of low-cost locally
available raw materials and the cultivation of @anmentally friendly products, by making the soil
better fertilizers.
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Paoueschkuii O.B., MaTBeeBa O.J1.
Hayionanvnuu asiayitinuii ynieepcumem, m. Kuis

JOCJIJUKEHHSI MEXAHI3MY COPBLIT IOHIB XPOMY TA HIKEJIO HA
MIHEPAJIBHUX BIIXOJAX AT/IC OUNIIEHHS

HaBeneHo pe3ynbTaTé €KCIEPUMEHTAIbHUX TOCTIIKEHb BHUKOPUCTAHHS TEXHOJOTIYHHX
BIIXO/IB a€pO30JIbHOI Tra30JJMHAMIYHOI CYCTICH31MHOI OYMCTKH €JIEMEHTIB aBIaIlifHOT TEXHIKU SK
COpOCHTY 10HIB B&KKHX METAIIIB 3 MPOMHCIOBUX CTIYHHUX BOJI.

KurouoBi cjioBa: cTiyHl BOAM, BaXKKI METaIM, MiHEpaabHI BIIXOIW BUPOOHHUIITBA, 130TepMa
copOii.

[IpuBeneHbl  pe3ynbTaTbl  OKCHEPUMEHTAIbHBIX  MCCICJOBAaHUN  HCIIOJIb30BAHMS
TEXHOJIOTHYECKUX OTXOJO0B a3pO30JIbHOM ra30AMHAMUYECKON CYCIICH3MOHHON OYMCTKHU DJIEMEHTOB
aBHALIMOHHOM TEXHHMKHM B KadeCTBE COPOCHTOB HOHOB TSKENBIX METAIJIOB U3 MPOMBIILICHHBIX
CTOYHBIX BOJL.

KiroueBble cj10Ba: CTOYHBIE BOJBI, TSKENbIE METaIbl, MHHEpPAJIbHBIE OTXOJbI
IIPOU3BO/ICTBA, U30TEPMBI COPOLIUH.

The results of research on the application of teldgical wastes of aerosol gas dynamic
suspension treatment of aircraft elements for teavih metal ions sorption from industrial
wastewaters have been presented in the paper.

Keywords: wastewaters, heavy metals, industrial mineral @gastorption isotherm.

AKTyanbHicTh mnpodaemu. OnHi€l0 3 NPIOPUTETHUX 3a7ad 3a0e3MedeHHs EKOJIOT1YHOi
Oe3MeKku € MoNepeHKEHHS CKHIy MPOMUCIOBUX CcTiuHux Boj (CB), 110 MicTATH BaXKKi MeTanud y
KOHIIEHTPAIlIIX BUIIMX, HDK TpaHudHOHomycTumi. IIIBHAKICTH Ta IHTEHCHBHICTh BIUIMBY ITUX
KOMITIOHEHTIB 32 paXxyHOK KyMYJSTHBHHX Ta TOKCHYHUX BJIACTHMBOCTEH HAJ3BHUYAHHO HETaTUBHO
BiJI0OpakaeThCs HE TUTHKU HAa JKMBHUX OpraHi3Max, aje ¥ yCKJIaIHIOE pOOOTYy CTAHIIH OYUIICHHS
NPUPOJHUX Ta CTIYHUX BOJ| HACEICHWX IyHKTIB. Ha choromHi, 3 HEOOCTaTHbO OYHIIECHHUMHU
BUPOOHMYMMH CTIYHMMH BOJAaMHU B NPUPOJHI BOJOHWMH IIOPOKY MOTPAIUIAIOTH THUCSIYl TOHH
BHCOKOTOKCHYHHX BKKMX METAJIIB, TAKHX, K [IMHK, KaIMii, TITIOMOYM, HIKeJb, XpOM, Mijlb TOIIIO.

JlxepenamMu HaJXO/HKEHHS IIMX KOMIIOHEHTIB, SIK MPAaBHUJIO, BUCTYMAIOTh BEJIMKI Ta CepenHi
MIPOMHUCIIOB] 00’ €KTH 3 PO3BUHYTOIO MPOMHKCIIOBOIO 0a3010 Ta MIUPOKUM CIEKTPOM TEXHOJOTIUHUX
nporieciB i onepaniii. He € BUKITIOUEHHSM 3 LIOTO MEpertiKy 1 aBialliiiHa ramysb, siKka TpaauLiiHO
CIIUPAETHCS HA HOBITHI METOAM OOpOOKM MarepiajiB, BUKOPUCTAHHsS CY4acHOI €JIEKTPOHIKH Ta
3ac00iB 3B'A3KY, BIPOBAKEHHS MEPCIEKTUBHUX TEXHOJIOTIH Tomo. He BHKIMKae CyMHIBIB, IO
OCHOBHHUM JDKEpeIOoM 3a0pyIHEHHS CTIYHMX BOJ BOXKKMMU METajaMH Ha aBiamliJIpPHEMCTBAX €
IpoIleC HAHECEHHs TallbBaHIYHUX, Jako(apOOBHX Ta IHIIMX 3aXHUCHUX a00 JEKOPAaTUBHUX
MOKpUTTIB. Ha *anb, He3Ba)karoun Ha po3poOJICHHS] HOBUX, MEHIIT TOKCUYHUX €JIEKTPOJIITIB, HOBUX

@)pgggie% A Lp@“g{eﬁc%ieggggiﬁﬁ T3 JJROMHUBAHHS JeTajiell, MUTAHHS OYHUIIEHHSA CTIYHHUX BOJI

NoTpedye MOJANbIIOT0 BUPILICHHS.
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