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1. TIpoBeieHO TEOPETUYHE OOI'PYHTYBAHHS Ta €KCIIEPUMEHTAJIbHE MiATBEPAKEHHS NIPOLieCiB cTabinizanii
OPTOKpEMHi€BOI Krc1oTU. [IpoBeieHO KBaHTOBO-XiMiYHE MOJEJIIOBAHHSA KJIACTEPIB OPTOKPEMHIEBOI KUCJIOTH 3
HeopraHiyHUMU KucyioTaMu. [TokazaHo, mo Haibinbma criikicts Mosiekyau H4SiO4 criocrepiraeTbest B IPUCYTHOCTI
anioHiB HPO42-, cyma Mi>KMOJIEKYJISIPHUX BOJHEBUX 3BS13KiB SIKMX ckilagae —-186,27 kI /MoJib. Po3paxyHKU
[OoKa3aJy, o cTabinbHicTh Mosiekynu H4SiO4 ninpumyetbcs B psgy HSO4- < CH3SO3- < H2PO4- < SO42- <
PO43- < HPO43- 3a paxyHOK yTBOPEHHS IBOX BOAHEBUX 3B's13KiB 3 HO-rpynamu opToKpeMHieBOi KUCIOTU. Takox
BIIeplIe [10Ka3aHO, 1[0 HaCTabiIbHIIIMM KIaCTEPOM OPTOKPEMHIEBOI KUCJIOTU 3 METAHCYIb(POHAT-aHIOHOM €
[H4Si04 - 4CH3SO3-]. lanui ¢aKT CBiUUATh PO Te, 0 METAHCYIb(POHAT-aHIOH 3[aTHMI CTa0iIi3yBaTM MOHOMED
OPTOKPEMHI€EBOI KMCJIOTH Ta 3MEHLIMTY MOXKJIMUBICTS iI IuMepu3aii. [Iy1g ogepKaHHS PO3YUHIB OPTOKPEMHIEBOI

KUCJIOTY 3 MaKCMMaJIbHUM BMiCTOM MOHOMEPY IIpoaHasisyBasuu rpadiku Gopm iCHyBaHHS OPTOKPEMHIEBOI KUCJIOTH



B 3aJ1e5KHOCTI Bif, pH posunny, 6ys0 3'sscoBaHo o B niana3oHi pH Bixg 1 10 4 opToKpeMHieBa KUCIOTa 3HAXOIUTHCS B
pO3uYMHaX Y HefuccouifioBaHiil ¢popmi. [ist ogep>kaHHs! pO3UKHiB OPTOKPEMHIEBOI KUCJIOTH 3 MAaKCUMaJIbHUM
BMICTOM MOHOMePY 6yJi0 o6paHo intepsai pH Big 1.5 1o 3.5. Byso gocnimkeHo BUXif Ta cTabisbHICTh pO3YUHIB
OPTOKPEMHI€BOI KMCJIOTU B 3aJIEXKHOCTI Bifl BUAY KUCJIOTU B3ATOI IJI4 IiApOJIi3y, a TAKOXK Bill CUJIIKATHOIO MOZYJIIO.
[TokazaHo, 10 BUXifl OPTOKPEMHi€BOI KUCIOTU IIPU MEHIIOMY CUJIiIKATHOMY MOZYJIi BUILIMI, @ CTabiIbHICTb PO3YMHIB
niABUILY€ETHCS B psify aHioHiB SO42- < Cl- < CH3SO3- < HPO42-. Bysi0 BUCYHYTO MTOSICHEHHS, 1110 1ie BiiOyBa€eThCs
yepe3 MEHINy IoJ1iMEepU3allilo B PO3YMHaX PiIKOrO CKJIA 3 HIKYMM CUJIIKATHUM MogyJsieM. EKcriepruMeHTaIbHO
IIOBEMIEHO, IO BUXi/I MOHOMEPY OPTOKPEMHIEBOI KUCJIOTU 3aJI€KUTD Bif BIJIMBY KOHIIEHTpalLlii POHOBUX
€JIEKTPOJIITIB Ta 3Ha4eHHs pH. MakcuManbHUI BiTHOCHUM BMiCT OPTOKPEMHI€BOI KUCJIOTU criocTepirascs npu pH
pO3uMHY 3,5 Ta IpY MiHiMasbHIN KOHLeHTpallii GOHOBUX €JIEKTPOJIITIB. 3a JOIIOMOr0K KBAaHTOBO-XiMiYHUX
PO3paxyHKiB, 0yJid PO3paxoBaHi KOMILIEKCHU TiPOKCUXJIOPUAY aJIIOMiHIIO 3 OPTOKPEMHIE€BOIO KACJIOTOIO Y ii
MOHOMEPHIl1, IUMEPHiil Ta TpuMepHiil popmax. Bynu 3anipornoHoBaHi 1Ba MexaHi3aMy peakiiit yreopeHHs AICI20H 3
OPTOKPEMHI€BOIO KUCJIOTOI0 ¥ BOLHOMY PO34MHI (Ha IIPUKJIaZi MOHOMEPHOI pOpMHU OPTOKPEMHIE€BOI KUCIOTH). Bysio
II0Ka3aHo 110 eHepris [i66ca B3aemoii riipoKCUxI0pyy aaioMiHio 3 MOHOMEPHOIO (POPMOIO OPTOKPEMHIEBOI
KUCJIOTH 32 MeXaHi3MoM | -48,38 x]I>k /MoJ1b, 1110 €10 BULIE 32 €HEPrilo B3aeMOii 3 JUMEPHOIO Ta TPUMEPHOIO
dopmoto - -32,94k]Ix /Moib Ta 41,86 KK /MOJIb BifIIOBiTHO. EKCIIEepUMEHTaIbHO HifTBEPIKEHO 3HUKEHHSI
KOHILIeHTpallii MOHOMEPHOi (POpMU OPTOKPEMHIEBOI KUCJIOTH ITicss ii 3MillyBaHHS 3 TiZPOKCUXJIOPUOM aJIIOMIiHiIO,
110 NigTBEPIyKye YTBOPEHHS CIIOJIYKU MK HUMU.ByJn mocilimpkeHi sa MeTogu Moau@ikanii rigpoKCUxIOpULiB
JIIOMIHIIO: IIJIAXOM KUCJIOTHOTO TiIPOJIi3y PiIKOro CKJja 3a JOIIOMOI0l0 HU3bKOOCHOBHOTO TiPOKCUXIIOPULY
QJIIOMIHIIO Ta NUISIXOM 3MilllyBaHH4 [IONIEPEIHBO OAEPKAHOTO PO3YMHY OPTOKPEMHIE€BOI KUCIIOTU 3 BUCOKUM
BMicTOM MOHOMepY (Bulle 50 %) 3 riipoKCUXIOpUIaMU aTIOMiH{I0 pi3HOI OCHOBHOCTI. TakoX Brepie 6ysa BUBYeHa
CTabIJIbHICTD OfjepKaHUX MOAU(DIKOBAHUX KOATYJISIHTIB. EKCIIepUMEHTaIbHO MigTBEPIKEHO, O CYMICHMI
KUCJIOTHUM TipOJIi3 PifKOro CKila Ta FiIpOKCUXJIOPUY allOMiHiI0 IPUBOAUTD A0 OLEPKaHHS KaJlaMyTHUX
MaJIOCTabiIbHUX PO34YMHIB, IIPOTE 3MilllyBaHHS FOTOBOI'O PO3YMHY OPTOKPEMHI€BOi KUCJIOTH OJIePKaHOTO 3
BHMKOPHCTaHHSIM METaHCYJ/Ib(POHOBOI KMCJIOTU 3 BUCOKOOCHOBHUMH TiIPOKCUXJIOPUAAMU QTIOMIHIIO B [1ialla3oHi
criBBigHomeHb Al /Si 250-50 npusBOAUTH 0 OfepKaHHS CTabiIbHUX IIPO30PUX PO3UMHIB 3 TEPMiHOM 36epiranHs 6
micauis i Bume. [InsxoM BucyuryBaHHS MOIM(IKOBAHOTO aJllOMOKPEMHIEBOTO KOATyJISIHTY Ta IIOAJIbUIOrO HOTo
PO3YMHEHHS 3 YTBOPEHHSIM [TPO30PUX KOHIIEHTPOBAHUX PO3UMHIB JOBELEHO B3a€MOJII0 MiX TiIpOKCUXTIOPULIOM
aJIIOMiHIIO Ta OPTOKPEMHIE€BOIO KUCJIOTOIO Ta 30€PEXKEHHSI LIbOTO 3B'3KY IiCJIsl IOBTOPHOTO PO3YMHEHHS. Y IT'SITOMY
po31ini mpoBezeHi nocuimKkeHHs epeKTUBHOCTI MOAN(IKOBAaHOTO ATIOMOKPEMHIEBOT0 KOATYJISIHTY 10 OYUIIEHHIO
IIPUPOJHOI BOJY Ta 6yJI0 JOBELEHO oro BUIIMM Ha 12% CTyIiHb BUAAJIEHHS KaJaMyTHOCTI Ta HUXK4y Ha 8%
KOHILIEHTPALIil0 3aJINMIKOBOTO aJIOMIiHiI0 IPY HU3bKUX TEMIIEPATypax. BUCYHYTO MOSCHEHHS], 1O Lie BifOyBaeThCs 3
PaxyHOK 30i/IbIIE€HHS CepeHbOi MOJIEKYJISIPHOI Baru KOMIIEKCIB alIOMiHiIO IIpY B3aeMOii 3 OPTOKPEMHIEBOIO
KUCJIO0TO0. EKCIIepUMEHTaIbHO MiTBepIyKEHO Oi/blIy rifipaBiiuHy KPYIHICTh (JI0KYJI MOAU(IKOBAHOTO
KOaryJysiHTy. EKCiepuMeHTaIbHO BCTAHOBJIEHO, 1[0 MOAUQIKalisl TiAPOKCUXIOPUIIB alIOMiHil0 pO3UMHAMU
OPTOKPEMHi€BOi KMCJIOTH 3 BMiCTOM MOHOMeEPY Bule 50% Ta 'y cniBBinHomeHHi Al /Si Big 100 go 20 no3Bossie
OZIep>KyBaTU CTabi/IbHI PO3UMHU KOAryJISHTIB. Y IOCTOMY PO3Ziji HA OCHOBI TEOPETUYHHUX Ta €KCIIEPUMEHTaIbHAX
pe3yJbTaTiB po3pobsieHa TEXHOJIOTYHA CXeMa Ta BUKOHAHA OIjiHKa BUTPAT Ha OJleP>KaHHS BOJHOTO PO3YMHY
OPTOKPEMHi€BOi KUCJIOTY 3 BUKOPHMCTAHHSIM METaHCY/Ib(POHOBOI KUCJIOTH Ta MoAu(iKalii riapoKCUXaopuiis

aJIIOMiHiIO Pi3HOI OCHOBHOCTI.

2. Provides a theoretical justification and experimental confirmation of the processes of stabilization of orthosilicic
acid. Quantum-chemical modeling of orthosilicic acid clusters with inorganic acids was performed. It is shown that
the highest stability of the H4SiO4 molecule is observed in the presence of HPO42-, anions, the sum of
intermolecular hydrogen bonds of which is -186.27 k] /mol. Calculations have shown that the stability of the
H4SiO4 molecule increases in the series HSO4- < CH3SO3- < H2PO4- < SO42- < PO43- < HPO42- due to the
formation of two hydrogen bonds with HO groups of orthosilicic acid. It was also shown for the first time that the
most stable cluster of orthosilicicic acid with methanesulfonate anion is [H4SiO4 - 4CH3SO3-]. This fact indicates
that methanesulfonate anion is able to stabilize the monomer of orthosilicic acid and reduce the possibility of its



dimerization.To obtain solutions of orthosilicic acid with the maximum monomer content, we analyzed the graphs
of the forms of orthosilicic acid depending on the pH of the solution, and found that in the pH range from 1 to 4,
orthosilicic acid is in the undissociated form in solutions. To obtain solutions of orthosilicic acid with the
maximum monomer content, the pH range from 1.5 to 3.5 was chosen. The yield and stability of orthosilicic acid
solutions were investigated depending on the type of acid used for hydrolysis and the silicate module. It was
shown that the yield of orthosilicic acid at a lower silicate module is higher, and the stability of solutions increases
in the series of anions SO42- < Cl- < CH3SO3- < HPO42-. It has been suggested that this is due to less
polymerization in solutions of liquid glass with a lower silicate module. It has been experimentally proven that the
yield of the orthosilicic acid monomer depends on the influence of the concentration of background electrolytes
and the pH value. The maximum relative content of orthosilicic acid was observed at a solution pH of 3.5 and at a
minimum concentration of background electrolytes. Using quantum chemical calculations, the complexes of
aluminum hydroxychloride with orthosilicic acid in its monomeric, dimeric, and trimeric forms were calculated.
Two reaction mechanisms for the formation of AICI20H with orthosilicic acid in aqueous solution were proposed
(for example, the monomeric form of orthosilicic acid). It has been shown that the Gibbs energy of interaction of
aluminum hydroxychloride with the monomeric form of orthosilicic acid by mechanism I is 48.38 kJ /mol, which is
slightly higher than the energy of interaction with the dimeric and trimeric forms -32.94 kJ /mol and -41.86

kJ /mol, respectively. A decrease in the concentration of the monomeric form of orthosilicic acid after its mixing
with aluminum hydroxychloride was experimentally confirmed, which confirms the formation of a compound
between them. Two methods of modifying aluminum hydroxychlorides were investigated: by acid hydrolysis of
liquid glass using low-base aluminum hydroxychloride and by mixing a previously prepared solution of orthosilicic
acid with a high monomer content (above 50 %) with aluminum hydroxychlorides of different basicity. The stability
of the obtained modified coagulants was also studied for the first time. It has been experimentally confirmed that
the combined acid hydrolysis of liquid glass and aluminum hydroxychloride leads to cloudy, unstable solutions, but
mixing the finished solution of orthosilicic acid obtained using methanesulfonic acid with highly basic aluminum
hydroxychlorides in the range of Al /Si ratios of 250-50 leads to stable, transparent solutions with a shelf life of 6
months and more.The interaction between aluminum hydroxychloride and orthosilicic acid and the preservation
of this bond after re-dissolution was proved by drying the modified alumina coagulant and its subsequent
dissolution to form transparent concentrated solutions. In the fifth Chapter, the effectiveness of the modified
alumina-silica coagulant in the purification of natural water was studied and its 12 % higher degree of turbidity
removal and 8 % lower concentration of residual aluminum at low temperatures were proved. The explanation was
put forward that this is due to an increase in the average molecular weight of aluminum complexes in interaction
with orthosilicic acid. The larger hydraulic size of the flocs of the modified coagulant was experimentally
confirmed. It has been experimentally established that the modification of aluminum hydroxychlorides with
solutions of orthosilicic acid with a monomer content above 50 % and in the ratio of Al /Si from 100 to 20 allows
obtaining stable solutions of coagulants. In Chapter 6, on the basis of theoretical and experimental results, a
technological scheme was developed and the costs of producing an aqueous solution of orthosilicic acid using
methanesulfonic acid and modification of aluminum hydroxychlorides of different basicity were estimated.
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