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Bacunenxo K.B. OpepxaHHS BHUCOKOYHCTHX OpTO- 1 mipodocdaTiB HATpiro,
KaJIif0, aMOHIIO Ta KaJIbLIiI0 JIsl BUKOPUCTAHHS B SIKOCTI Xap4OBHUX JI00aBOK.

Hucepraiiiss Ha 3100yTTS CTymeHs AoKTopa (inocodii 3a crneuianpHicTiO 161
XiMIYHI TEXHOJIOTii Ta iHXKeHepis (Taiy3b 3HaHb 16 XiMmiuHa Ta O101HXXEHEpist). —
JepxkaBHMI BUINMM HABYAJIBHUN 3aKjia], «YKpaiHCBKUH JIepKaBHUM  XIMIKO-
TEXHOJIOTTYHUHN yHiBepcuTeT», Jninpo, 2021.

B wnam wyac QocdaTHi coNl  MIUPOKO BHUKOPUCTOBYIOTHCS B  CLIBCBKOMY
rOCIOAAPCTBl SIK JKepeno (ocdhopy, a TakokK B 0ararboxX Traimy3six MPOMHUCIOBOCTI:
XIMIYHIM, Xap4oBii, (apMaleBTUUHINA, EJIEKTPOHHIM, TEKCTWIbHIM Tomo. Jlis
MIPOMUCJIOBOTO BUKOPHUCTAHHS 4acTO MOTPiOHI XIMIYHO YHCTI 1 BUCOKOUUCTI dochaTu.
Hampuknan, nns 3acTocyBaHHS B XapuoBild Ta (apMaleBTUYHIN MPOMMCIOBOCTI 0
dbocdatiB npen'aBiasoTh 0COOJUBI BUMOTHM HE MICTUTH TOKCHYHI JOMIIIKH apCceHy,
wiroMoymy, d-metamB Ta Quyopy. Y CBITOBOMY BUPOOHUIITBI (pocdaTiB HA YaCTKY
xapyoBux ¢ocdariB qoBoguThes 10 5%. CBITOBE CHOXKMBaHHS XapuoBuX (ocdaTiB
3pocTae 3a pik B cepeaHboMy Ha 3,5%, a 3aranpHa motpeda y xap4yoBux ¢ocdarax B
VYkpaiHi oLiHIOETbCA OpieHTOBHO B 40 THC. T/piK.

B Vkpaini € mianpueMcTBa 3 BUTOTOBIICHHS (OcHOpHUX JOOPHUB Ta KOPMOBHUX
docdartiB, MpoTe NPOAYKTH TAKOTO CUHTE3Y HE JOCTATHHO YUCTI JJIsl BUKOPUCTAHHS Y
xap4oBiil nmpomucnoBocti. Jlo Ternep B YkpaiHi BiACyTHI Xap4oBi (ocdatu BIacHOTO
BUpoOHUIITBA. lle craBuTh Hally KpaiHy B €KOHOMIUHY 3aJIe)KHICTh Bl IMIOPTY Ta
niABUILye co0iBapTiCTh mpoaykuii. Ha choroaHimHiii 1eHb B YKpaiHi BUKOPUCTOBYIOTh
B OCHOBHOMY IMIIOpPTOBaHI xapuoBi ¢ocdatu 3 iHmMX KpaiH. Pazom 3 tum Yikpaina
BOJIOJII€ BJIACHUMHM MOTYXHUMH poJIoBUIIaMH TipupoaHux dhochopuriB (10 1,03 mups.
ToHH P,05). Cnig BIAMITHTH, IO HA CHOTOJIHI B YKpaiHl po3poOsieTbCS TEXHOJOT1sS
nepepooKku 1ux pojaoBull (PocHOpUTIB METOIOM a30THO-KHCIOTHOTO PO3KIIAJaHHS.
Opnak, aHaji3 JiTepaTypHHUX JaHUX CBIIYUTH, IO 3alpPOIIOHOBAHI CIIOCOOM Oep KaHHs
docdaTHux coneil HE ONTUMI3O0BaHI /0 BUMOT IMPOMHCIOBOTO BHUPOOHHUIITBA CaMe

XIMIYHO YUCTUX Ta XapUOBUX COJICH.



Krnacuuni crmocobu oaepkaHHS XIMIYHO YUCTHX (hocdaTiB aMOHIIO 1 JIy>KHUX
MeTaiB 0a3yrThCS Ha HEUTpami3allii po34rHIB Xap4oBoi opToPochopHOi KUCIOTH abo
il peakTHBHUX MapoK XIMIYHO YHCTUMU KapOoOHaTamMu abo0 TiIPOOKCHUIAMH JIYKHUX
METAaJIIB 3 MOJAJIBIINM YHapIOBaHHSIM PO3YUHIB coyiel /i iX kpucramizaiii. OueBuIHO,
10 BUCOKa BapTiCTh TakuX (pocdaTiB BU3HAYAETHCS BAPTICTIO IPEKYPCOPIB iX CHHTE3Y.
Hanpuxian, BapTiCTh PEaKTHBHUX MapoK OpTohochOpHOI KHUCIOTH KOJIMBAETHCS B
mexax 1,5-4,5 tucsu monapiB 3a ToHHY. Po3poOka anmpTepHATUBHUX TEXHOJIOTIH, sIKi O
JIO3BOJISIIA OTPUMYBATH OLIBII JiemIeBl XiMi4HO 4ucTi ocdaTHl o, € aKTyaTbHUMH
HAyKOBO-TEXHIYHUMHU 33/1a4aMHU.

JIyist BUpIIIEHHST TaKWX 3aBJaHb MOXHA BHKOPHUCTOBYBaTv ¢ocdarHi n0OpuBa,
migmgaB  iX J0JAaTKOBOMY OYMINEHHIO, HAmNpUKIajd, crmocodaMy —KpHUCTaisarlii,
BUCOJIIOBaHHS, BUMOPOXKYBaHHS, pekTu@ikaiii, excrpakuii, ¢iortamii abo i10HHOTO
0o0MiHy. 3 TMepepaxOBaHMX METOIB OUYMIICHHS HEOPraHIYHUX COJIEW IPOMUCIIOBO
BUKOPUCTOBYIOTb B OCHOBHOMY KpHCTaji3allilo, sK HaWOUIbII MPOCTIMHNA 1
yHIBEpCaIbHUN MeToM. AHa3 JiTepaTypHUX JAAHUX MOKa3ye, U0 OYUIICHHS (ocdaTiB
aMOHIIO TaKuUM CMocOoOOM MOTpedye MPOBEJAEHHS ABOX ab0 TPhOX TOCIIIOBHUX
130TE€pPMIYHO-130TIAPUIHUX NIEPEKPUCTATI3AIIH.

Ha namy nymky, Ha BiIMIHY BiJ BIJIOMHUX CIIOCOOIB OJIep)KaHHS Xap4yOBHUX
dochatHux comel, IOIIBHO TPOBOAWUTH TOMEPEAHE JTOOYMIIEHHS TPEKYpPCOpiB
CHUHTE3y, BUKOPHUCTOBYIOUH, HAIIPUKIA/, CIIOCIO criBocakeHHs. Takuil crnocid € MeHIn
CHEeProBUTPATHUM, HDXK 130TipuyHa abo 130TepMiyHa KpucTalizaiis. BpaxoByrouu
BITHOCHO BHMCOKY BapTICTh XIMIYHO YHCTHUX KapOOHATIB Ta TiAPOKCHUIIB HATPi0 abo
KaJilo, TaKOX JOLUUIBHUM TPEICTABISIETbCS BHUKOPUCTAaHHS METOAY KOHBEpCii
aMOH1HHOI dochaTHOT cotl 3 BUKOPUCTAHHSAM OUIBIN ACHICBIIUX XIMIYHO YUCTHX COJICH
HATPIIO Ta Kaliio, HDK iX KapOoHaTiB Ta JyriB. Takok ciia BIAMITUTH, IO XapyoBi
oprodochati MOXKYTb PO3TISIIATUCS SIK CHPOBHHA JUIS OJIEPKaHHS 1HIIOTO Kiacy
XapyoBHX 100aBOK — mipodocdartiB HATPItO, Kaito ad0 KaJbIIilo.

Od4eBUHO, IO BUPINMICHHS OOTOBOPEHUX TMHUTaHb TNOTPEOYyeE MPOBEICHHS

IIUPOKOro KoJjia TCOPCTUIHHUX 1 CKCIICPUMCHTAJIbHHUX ,Z[OCJ'Ii,Z[}KCHL. PCSyJILTaTI/I TaKHuX



JOCTIKEHb JT03BOJISITH PO3POOMTH HOBI CIOCOOM OfepkKaHHS XapyoBux (ocdatiB 3
rapaHTOBaHO HU3HKHUM BMICTOM HEOaXaHUX JIOMIIIIOK.

JuceprartiitHa po6oTa NpuCBIUYE€HA PO3POOIIl CIOCOOY JIOOUMIICHHS MPEKYPCOPIB
cunTe3y (ocdariB Ha OCHOBI CIIBOCAHKCHHS TOKCUIHUX MIKPOJIOMIIIIOK, BCTAHOBJICHH1
3aKOHOMIPHOCTEH MPOIIECIB XIMIYHOTO OCQKEHHS, KpUCTaji3allii 1 TepMidHOI 00pOOKH
dbochatHuX coseit 1 po3podIi Ha iX OCHOBI TEXHOJOTTYHHMX IMapaMeTpiB OJep KaHHS
XapuoBUX OpTO- 1 mipodocdariB HATPiO, Kalil0, aMOHII0 Ta KajbIll0 I iX
BUKOPHUCTAHHSA B SIKOCT1 Xap4OBHUX J0OOABOK.

JIJisi TOCATHEHHS TOCTaBJIEHOT METH HEOOXITHO BUPINIUTH HACTYIHI 3aBIaHHS:
BU3HAYUTH 3aKOHOMIPHOCTI mporeciB aucouianii optodochopHOi KHCIOTH B
KOHILIEHTPOBAaHUX BOJAHUX PO3UYMHAX Ta PO3paxyBaTH iHTepBaiud pH, B SIKUX TOMIHYIOThH
ioan gurigpodocdarty, rinpodocdary Ta hocdaTy 3a BUCOKMX 10HHUX CHIIAX PO3UHHIB,
PO3pOOUTH palliOHAIBHUHN CMOCIO OUMINEHHSI MPEKYypCOpiB CUHTE3y (pochaTHUX cosein
Ha OCHOBI cmiBoca/keHHs gomimok diayopy, As(IIl), Pb(Il) ta d-meranis; gocmiautu
IPOLECH CHUHTE3y XapyoBHX OpTodocdariB Kaibllilo, HATPIIO, Kajil0 Ta aMOHIIO;
BU3HAYWTU pAaIllOHATIbHI yYMOBH TMPOIECIB XIMIYHOTO OCaJKEHHS, KpucTamizamii i
TepMmidHOi 00poOku (ochatHuX comeit; po3poOUTH TEXHOJOTIYHI CXEMHU Ta OILIHHUTH
BUTPATH HAa BUPOOHMIITBO XapuOBUX OPTO- Ta MipodocdaTHUX COJIEH.

B pesynbTati mpoBeAeHUX JOCTIKEHBb BIEPIEe BU3HAUYCHI KOHCTAHTH JUCOIIAIlil
opTodochopHOi KHCIOTH MPHU BapilOBaHHI 10HHOI cwiu po3umHiB Big 0,25 mo 5 on.
[Tokazano, mo koHcranTu aucomanii H;PO, 3 pocTtom 10HHOI cHIM PO3YMHIB
3MIHIOIOTHCSI HEPOMOPIIHHO: BennyuHa pK| MpoxXoauTh uepe3 HeBETUKUN MAaKCUMYM B
iHTepBasi 10HHUX cun (-2, BenmuumHa pK, MOHOTOHHO 3MEHHIYIOTBCA B I[bOMY
niama3oHi, a pK; MOHOTOHHO 30UIBIIYETHCA. 3 MOJAJIBIIMM POCTOM 10HHOI CHJIM BCi
KOHCTaHTH MOHOTOHHO 3011bIIyIOThCS. PO3paxyHku giarpam po3mnojaily MOJIEKYJISIPHOT
Ta 10HHUX (popM opTodocopHOi KHUCIOTH 3 BHU3HAYCHUMH KOHCTAHTAMH JWCOIlIAIli]
MOKa3ajau 3HayHl 3MiHU 1HTepBaliB pH iX JOMIHAHTHOI MPUCYTHOCTI y PO34YMHAX, IO
HEOOX1HO BpPAaxXOBYBATH IMPH MPOBEIEHHI CENEKTHBHOI KpucTam3zaiii ¢ocdaTHux
coJied. SIKIo A1t pO3YMHIB 3 10HHOIO CHJIOK OJM3BKOIO J0 HYJA pekoMeHaanii no pH

JOCUTH J00pe 301ratoThes 3 JOMIHAHTHUMHU 00JIaCTsIMU icCHYBaHHS 10HHUX (popm H,PO4



, HPO,* u PO,>, To myist GiabIm KOHIICHTPOBAHUX PO3YMHIB 3 10HHOIO CHUJIOIO PIBHOIO,
HAIMPUKIIA], TPhOM ONTUMYM 10 pH U1 ocaikeHHS CoJield TIOMITHO 3MINIYIOTHCS: 10
pH = 3 nns NaH,PO,, pH 6-12 nns Na,HPO, 1 pH > 14 nns Na;PO,.

JlocmipkeHHsT IPOolLIeCiB cIiBocaKeHHs MikpokiibkocTen croayk Cu(Il), Cd(1II),
As(IIT), Pb(I) 1 duyopy 3 rigpodocdaroM Kaibllito IMOKa3add MOXKIUBICT 1X
KUTbKICHOTO BuilydeHHa 3 po3umHiB CaCl, Ta amoHiiiHUX coseli opTodochopHOi
KUCIIOTH. BCTaHOBIIEHO 3HAUYHMI BIUIMB HAa €(EKTUBHICTh MPOLECY CIIBOCAKEHHS
IPUPOJIA MIKPO- 1 MAKPOKOMIIOHEHTIB (TOOTO 10HIB KaJbIlit0 a00 GocPOpHOi KHUCIOTH)
Ta KHUCIOTHOCTI PO3YMHIB, 3 AKUX BUAAISIOTHCS 111 JOMIIIIKH.

AHani3 OTpUMaHUX JaHUX MOKa3aB, IO PI3HUHN XapaKTep CHIBOCAIHKEHHS CITOJIYK
Cu(Il), Cd(II), As(IIT) Ta Pb(Il) Ta ¢myopy B pozumnax CaCl, i H;PO, He moxHa
MOSICHUTH BIIMIHHOCTSIMU B CKJIaJil ocajiiB ¢ocdaTiB Kaiablifo a00 BIAMIHHOCTSMU B
ximivaomy ckmami cnomyk Cu(Il), Cd(II), As(Ill), Pb(Il) Tta dnyopy. Ilpu pH 3-8
OCaJKy€eThCsl JuIIe Kpuctanorigpar rigpodocdary kampuiro CaHPO,2H,0 1 Tinbku
npu pH > 8 moxnuse ocamkenns pocdatiB y popmi rizpokcuanatury. Tomy 3pobiieHo
BUCHOBOK, W0 MPUYMHHU CEJEKTUBHOCTI CIIBOCA/KEHHS JOCIIIPKEHUX CIOJYK
NOJISITal0Th HE Y CKJIaJIl 00’ €My KOJIEKTOpY, a B CKJIaJll HOTO MOBEPXHI, a caMme 3apsiay Ta
IPUPOIM TOBEPXHEBUX 10HIB.

Po3paxyHku mokazainu, 1mo ajs KiibkicHoro BuaanieHds npomimok Cd(ID), As(III),
Cu(Il) 1 Pb(Il) ta dayopy 3 pozumny CaCl, cmig gomatd B HROTO KOHIIEHTPOBAHUI
PO3UYHH XIMIYHO YUCTOT (pocPOopHOI KUCIOTH 13 po3paxyHKy He meHie 15 r H3PO, Ha 1
M’ PO3YMHY XJIOPHAY KAJBLIIO i IUISXOM HEHTpaisarii PO3YHHOM aMiaKy IOBECTH
3HayeHHs woro pH mo 2,5-3,0 ox. [Ins BupasieHHS TOKCUYHHX JIOMIIIOK 3 PO3YMHY
bochopHOI KUCTOTH PEKOMEHI0BAHO MPOBECTH CIIBOCAKEHHS Yy JIBA €TAlU: CIIOYaTKy
npu pH = 6,0-6,5 Bumanutu cnonyku Cd(II), Cu(Il) 1 Pb(Il), Ta dbayopy Ha mro Oyne
notpiGuo He Menut 4 r CaCl, Ha 1 am° kucnoty, a motiM npu pH = 8,0-8,25 BumammTy
ALK apceHy, Ha 1o 3Hago0uThest e Mert 13 T CaCl, Ha 1 am° po3unHy.

B pe3ynbraTi npoBeeHNX eKCIIEPUMEHTIB 3 XIMIYHOTO OCaKeHHs opTodocdarin
kaubIlito ipu pH 4-10 ta cranomy Monsipaomy criBBigHomeHHi Ca/P = 1,5 BuzHaueHo,

mo y Bchomy niama3oni pH 3a temmeparypm 20 °C ocamKyeTbCs JUIIE OJHA



MmetactalbinmbHa (opma — auriapar rigpodocdary kamsuito (Ca/P = 1,0). Ilicas
130TepMiuHOI BUTPUMKH OTPHUMAHHX CYCIICH31i B peakTopi BUCOKOTO THUCKY TpH 250 °C
npotsiroM 6 roauH TiApodocdarT Kanblil0 TOBHICTIO AETIAPATYETbCA 1 YACTKOBO
NepexoIuTh y OUIbIl CTabiIbHy (GopMy — TiApokcuanatut. 3 poctoM pH peakiiiHux
PO34YMHIB YacTKa Tiipokcuanatuty 3poctae 3 14 go 70%, a cTyniHb iX KpUCTaII4YHOCTI
3MeHuyerbes 3 20 10 5%.

Brepiue BCTaHOBIGHA JiHiliHA Kopemsuist (3 koedimientom Kopemsiumii R® =
0,9742) Mi>k TUTOMUMH 100YTKaMU PO3YMHHOCTI opToocdatiB KaibIiio 1 IX MOJIbHUM
cniBBinHomeHHsAM Ca/P. [lokazano, 110 KOpemsmii He MiJAaI0ThCsl 3HAYeHHS T00YTKIB
po3unHHOCTEHW Tpukanbliiidochary (pKs = 26-29), rigpokcuanatuty (pKs = 116,8) i
roro Ca-nedinutaux dopm (pKs = ~85). Lli 3HaueHHS HOOYTKIB PO3UUHHOCTEH
3alPOTIOHOBAHO CKOPEKTYBAaTH BIAMOBIMHO JO KOPEJSINAHOT 3aleKHOCTI: IS
Tpukanbuiigochary pKs = 40, nns rigpokcuanarury pKs = 155, mis Ca-npedinuraux
rigpokcuanatutiB  pKs = 114-155. Po3paxoBaHi 130T€pMH PO3YMHHOCTI  3i
CKOPEKTOBAaHUMH  JOOYTKAaMHU  PO3YMHHOCTI  J0Ope  CHiBmaid 3  BIIOMUMU
eKCIIEPUMEHTATbHIUMH JTAaHUMHU.

3p006IeHO BUCHOBOK, 1110 Ha BIJIMIHY BiJl KMCJIOTHOCTI PEaKIIHHOTO CepeIOBUIIA
BUxigHe MoybHE criBBigHOmEeHHs Ca/P He Bu3Hawae 6a3oBuil ckian ocaaiB (ocdaris
KaJIbI[it0. BIIMIHHOCT1 CIIiji OYIKYBaTH JIMIIE HA PiBHI JOMIIIOK, OCKIJIBKH BEJIMYHHA
CHIBOCAQ/KEHHSI TUX YU IHIIUX 10HIB 3aJIEKUTh B 1X KOHIEHTpalli y poO3uuHi i
MIOPSZIKY 3MIITyBaHHS PO3UMHIB MMPEKYPCOPIB CUHTE3Y.

BcranoBneno, 1mo B3aeMHu#M BIUIMB cosieil ¢ocdaTiB 1 XJIOpuay aMOHIIO Ha iX
pO34MHHOCTI J00pe omucyroThbest piBHsSHHSAIM CeueHoBa. Ha OCHOBI IIbOTO pIBHSHHS
3aMporoOHOBaHa METOAMKA PO3PAXYHKY MOJITEPM POZYHMHHOCTI COJIEH y iX cyMimiax mpu
3aJJaHUX CIIBBITHOIIEHHSIX KOMIIOHEHTIB. TE€OPETHYHO 1 EKCIIEPUMEHTAIFHO MOKA3aHO,
0 crnocod0amu 130TepMIYHO-130T1APUYHOT OJHOCTAINHOT KpHUCTami3amii 1 KOHBepcii
MICJA JIOOYMCTKH 1 amoHi3allli po3unHy opToPochOopHOi KHUCIOTH MOXKYTh OYyTH
onepkaHi HactynHi xiMiyHO umctTi mpoayktu: (NH4),HPO, (3 Buxomom mo 82%),
NH;H,PO, (mo 56%), Na,HPO,12H,0 (mo 96%), NaH,PO,2H,O (mo 100%) Ta
KH,PO, (10 66%).



ExcriepuMeHTanbHO yTOYHEH1 TEXHOJOTIUHI MapaMeTpu MPoLeciB TBEpA0(a3zHOI
KOHJICHCALlll CHHTE30BaHUX OpTodocdartiB, 10 T03BOJISIE OIEPKYBAaTH IIE€ YOTUPH
xapuoBi qo6aBku — mipodocdaru NayP,0,, Na,H,P,0,, K;H,P,0; 1 Ca,P,0,. Tepmiuna
00pobka opTodocdaTiB ICTOTHO PO3ITUPIOE ACOPTUMEHT IIPOITOHOBAHOT MPOAYKITIi.

VY pesynbrari NPOBEICHUX JOCIIKEHb 3alpONOHOBAHI TEXHOJIOTIYHI CXEMH
OJIEp>KaHHS XIMIYHO YUCTUX OPTO- 1 mipodocdariB HATPirO, Kadito, aMOHIIO Ta KaJbI[i10
JUTSI TX BUKOPUCTAHHS B SIKOCTI XapyOBUX JT0OABOK.

3anporoHOBaHO HOBI EKCIIEPUMEHTAJIbHI 1 TEOPETHYHI MIAXOAW 1O CHHTE3Y
xap4yoBuX opTodocdariB Kajbllito, HATPIIO, Kallil0, AMOHII0 MPOTHO30BAHOTO CKIIAY 3
BOJHUX PO3YMHIB B 3aJEKHOCTI BiJ 1X KHCJIOTHOCTI Ta MOJIIPHOTO CITiBBITHOIIEHHS.
Po3pobieno HOBI cmocoOu oxaepkaHHs (pochaToBMICHUX XapyoBUX J100aBOK 3

rapaHTOBaHO HU3HKHUM BMICTOM HEOaXaHUX JIOMIIIIOK.

Knrwouosi cnosa: docdaru, pochar kambmito, Gochar Hatpito, docdar kamiro,

dbocdart amoniro, mipodocdatu, eHepris akTuBailii, opropochopHa KUCIOTA.



ABSTRACT

Vasilenko K.V. Obtaining high-purity ortho- and pyrophosphates of sodium,
potassium, ammonium and calcium for use as nutritional supplements.

Thesis for a PhD degree in specialty 161 161 Chemical Technology and
Engineering (16 Chemical and bioengineering). — State Higher Education Institution
"Ukrainian State University of Chemical Technology", Dnipro, 2021.

Nowadays phosphate salts are widely used in agriculture as well as in many
industries: chemical, food, pharmaceutical, electronic, textile, etc. Chemically pure and
high-purity phosphates are often required for industrial use. For example, for use in the
food and pharmaceutical industries, phosphates are required to be free from toxic
impurities of arsenic, lead, d-metals and fluorine. In the world production of
phosphates, the share of food phosphates is up to 5%. World consumption of food
phosphates is increasing by an average of 3.5% per year, and the total demand for food
phosphates in Ukraine is estimated at about 40 thousand tons / year.

We have producers of phosphate fertilizers and feed phosphates companies in
Ukraine, but the products of such a synthesis are not pure enough for use in the food
industry. Until now, there is no food phosphates produced in Ukraine. This puts our
country in economic dependence on imports and increases the cost of production.
Today, imported food phosphates from other countries are mainly used in Ukraine. At
the same time there are own powerful deposits of natural phosphorites in Ukraine (to
1.03 billion tons of P,Os). It should be mentioned that today in Ukraine the technology
of processing these phosphorite deposits by the method of nitric acid decomposition is
being developed. However, the analysis of literature data shows that the proposed
methods of obtaining phosphate salts are not optimized to the requirements, specific
for industrial production of chemically pure and food salts.

Classical methods for obtaining chemically pure ammonium phosphates and
alkali metals are based on neutralization of food orthophosphoric acid solutions or its
reactive types with chemically pure carbonates or hydroxides of alkali metals,
followed by evaporation of salt solutions for their crystallization. It is obvious that the

high cost of such phosphates is determined by the cost of precursors used for their



synthesis. For instance, the cost of reactive types of orthophosphoric acid ranges from
1.5 to 4.5 thousand dollars per ton. The development of alternative technologies that
would allow obtaining cheaper chemically pure phosphate salts, forms quite relevant
scientific and technical problem.

To solve such problem, it is possible to use phosphate fertilizers, subjecting
them to additional purification, for example, by methods of crystallization, salting,
freezing, rectification, extraction, flotation or ion exchange. Crystallization is the
method of predominant industrially among all of the above methods, as the simplest
and most universal one. Analysis of the literature data shows that the purification of
ammonium phosphates in this way requires two or three consecutive isothermal-
isohydric recrystallizations.

In our opinion, unlike the already known methods of obtaining high-purity
phosphate salts, it is advisable to pre-purify the synthesis precursors, using, for
example, the method of coprecipitation. This method is less energy consuming than
isohydric or isothermal crystallization. Considering the relatively high cost of
chemically pure carbonates and hydroxides of sodium or potassium, it is also advisable
to use the method of conversion of ammonium phosphate salt using cheaper
chemically pure salts of sodium and potassium than their carbonates and alkalis. It
should also be noted that food orthophosphates can be considered as raw material for
another class of nutritional supplements - sodium, potassium or calcium
pyrophosphates.

Obviously, the solution of the discussed issues requires a wide range of
theoretical and experimental studies. The results of such studies will allow the
development of new methods aimed at obtaining food phosphates with a guaranteed
low content of unwanted impurities.

The dissertation thesis 1s devoted to the elaboration of the method, the essence
of which is purification of phosphate synthesis precursors. It is based on
coprecipitation of toxic micro-impurities, establishment of regularities of chemical

precipitation, crystallization and heat treatment of phosphate salts and obtaining the



technological parameters of high-purity ortho- and pyrophosphates on their basis for
use as nutritional supplements.

To achieve this goal it is necessary to solve the following tasks: to determine the
patterns of dissociation of orthophosphoric acid in concentrated aqueous solutions and
calculate pH intervals dominated by ions of dihydrogen phosphate, hydrogen
phosphate and phosphate at high ionic strength solutions; to develop a rational method
of phosphate salts synthesis precursors purification on the basis of impurities of
fluorine coprecipitation, that is, As (III), Pb (II) and d-metals; to study the processes of
synthesis of high-purity orthophosphates of calcium, sodium, potassium and
ammonium; determine the rational conditions of the processes of chemical
precipitation, crystallization and heat treatment of phosphate salts; to develop
technological schemes and estimate the costs of food ortho- and pyrophosphate salts
production.

As a result of the conducted research, dissociation constants of orthophosphoric
acid are defined for the first time in the context of ionic force of solutions variation
from 0.25 to 5 units. It has been proven that the dissociation constants of H;PO,
change disproportionately: the parameter pK; passes through a small maximum in the
range of ionic forces 0-2, the parameter pK, decreases monotonously in this range, and
pKj; increases monotonously. With a further increase in the ionic strength, all constants
increase monotonously. Calculations of the distribution diagrams of molecular and
ionic forms of orthophosphoric acid with the determined dissociation constants
showed significant changes in the pH intervals of their dominant presence in solutions.
It must be taken into account when carrying out selective crystallization of phosphate
salts. If for solutions with an ionic strength close to zero the pH recommendations
coincide well enough with the dominant regions of existence of ionic forms H,PO,,
HPO,” and PO,’ ", then for more concentrated solutions with an ionic strength equal
to, for example, three, optimum pH for salt deposition is noticeably shifted: to pH = 3
for NaH,PO,, pH 6-12 for Na,HPO, and pH > 14 for Na;PO,.

Studies of the coprecipitation processes of microquantities of compounds Cu

(1), Cd 1), As (IIT), Pb (II) and fluorine with calcium hydrogen phosphate have



shown the possibility of their quantitative extraction from solutions of CaCl, and
ammonium salts of orthophosphoric acid. Significant influence of micro- and macro
components (i.e. calcium or phosphoric acid ions) on the process efficiency and the
acidity of the solutions from which these impurities are removed, has been established.

Analysis of the obtained data showed that the different nature of the
coprecipitation of compounds Cu (II), Cd (II), As (III), Pb (II) and fluorine in CaCl,
and H3PO, solutions cannot be explained by differences in the composition of calcium
phosphate precipitates or differences in chemical composition. Calcium
hydrophosphate crystal hydrate of CaHPO,2H,0 is precipitated only at pH 3-8 and
phosphate precipitation in the form of hydroxyapatite is possible only at pH> 8.
Therefore, it is concluded that the reasons for the selectivity of coprecipitation of the
studied ions are not in the volume of the collector, but in its surface, namely the charge
and nature of the surface ions.

Calculations have shown that for the quantitative removal of impurities Cd (I1),
As (IIT), Cu (II) and Pb (II) and fluorine from a solution of CaCl,, chemically pure
phosphoric acid at a rate of at least 15 g of HyPO, per 1 dm’ solution of calcium
chloride should be added to a concentrated solution and its pH value should be brought
to 2.5-3.0 units by neutralization with ammonia solution. To remove toxic impurities
from the phosphoric acid solution, it is recommended to carry out coprecipitation in
two stages: first to remove compounds of Cd (II), Cu (IT) and Pb (II), and fluorine at
pH = 6.0-6.5, which will require no less than 4 g of CaCl, per 1 dm’ of acid, and then
to remove arsenic residues at pH = 8.0-8.25, which will require at least 13 g of CaCl,
per 1 dm’ of solution.

As a result of experiments on chemical precipitation of calcium orthophosphates
at pH 4-10 and with a constant molar ratio of Ca/P = 1.5, it was determined that in the
entire pH range at a temperature of 20 °C only one metastable form precipitates, i.e.
calcium hydrogen phosphate dihydrate (Ca/P = 1.0). After isothermal holding of the
obtained suspensions in a high pressure reactor at 250 °C for 6 hours, calcium
hydrogen phosphate is completely dehydrated and is partially converted into a more

stable form - hydroxyapatite. With increasing pH of the reaction solutions, the



proportion of hydroxyapatite increases from 14 to 70%, and the degree of their
crystallinity decreases from 20 to 5%.

For the first time, a linear correlation was established (with a correlation
coefficient R* = 0,9742) between the specific products of the solubility of calcium
orthophosphates and their molar ratio Ca/P. It is shown that the values of the
solubilitiy of tricalcium phosphate products (pKs = 26-29), hydroxyapatite products
(pKs = 116.8) and its Ca-deficient forms (pKs = ~ 85) cannot be correlated. These
values of solubility products are suggested to be adjusted according to the following
correlation: for tricalcium phosphate pKs = 40, for hydroxyapatite pKs = 155, for Ca-
deficient hydroxyapatites pKs = 114-155. The calculated solubility isotherms with
adjusted solubility products coincided well with the known experimental data.

It is concluded that, unlike the acidity of the reaction environment, the initial
molar ratio of Ca/P does not determine the basic composition of calcium phosphate
precipitates. Differences should be expected only at the level of impurities, because
the magnitude of coprecipitation of certain ions depends on their concentration in
solution and the order of mixing of synthesis precursors solutions.

It is established that the mutual influence of phosphate salts and ammonium
chloride on their solubility is well described by the Sechenov equation. On the basis of
this equation the calculation the technique of polytherms of salts solubility in their
mixes at the set ratios of components is suggested. It is theoretically and
experimentally shown that the following chemically pure products can be obtained by
methods of isothermal-isohydric one-stage crystallization and conversion after
purification and ammonization of orthophosphoric acid solution: (NH4),HPO, (up to
82%), NH4H,PO4(up to 56%), Na,HPO,12H,O (up to 96%), NaH,PO,2H,0O (up to
100%) and KH,PO, (up to 66%).

The technological parameters of the solid-phase condensation processes of the
synthesized orthophosphates have been experimentally refined, which allows to obtain
four more nutritional supplements - Na,P,0,;, Na,H,P,0,, K;H,P,0; and Ca,P,0,
pyrophosphates. Heat treatment of orthophosphates significantly expands the range of

products.



As a result of research devoted to synthesis processes of phosphate salts of
sodium, potassium, ammonium and calcium, the technological schemes of chemically
pure ortho- and pyrophosphates of sodium, potassium, ammonium and calcium

obtaining for their use as nutritional supplements are suggested.
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