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Hucepramiitna po6oTa mNpHUCBSYEHA BUPIIICHHIO MPOOJIEM 3HIKCHHS
€KOJIOrIYHOI HeOe3NMeKH MNpU eKCIUTyaTalli BOAOUMPKYJSIIAHUX CHUCTEM Yy
npoMuciioBOCTI. HasiBHI po3umMHEH1 y BOJ1 COJi Ta ra3d BUKJIMKAIOTh KOPO3IIO
MeETaJiB Ta BIIKJIaJIaHHA HAa CTIHKaX 00JIaJHAaHHS IPOYKTIB HAKUIIOYTBOpeHHs. e,
B CBOIO 4Yepry, NMPHU3BOJIUTH JO CYTTEBHX BUTpPAT Ha EKCIUTyaTallil0 Ta PEMOHT
oOJlafHaHHS, a TaKOX JI0 30UIbIICHHS OO0 ’€MIB CKUIY MNPOIYBOYHUX BOJI Y
TIAPOMEPEXKy 1, BIJAMOBIAHO, 10 30UIbIIEHHS 00’€MiB 3a00py cBikoOi Boau. [lms
MiJBUINCHHS €(DEKTUBHOCTI BUKOPUCTAHHS BOJIU Y BOJOUUPKYJIAIIHHUX CHCTEMaX
PEKOMEHIOBAHO 3aCTOCOBYBATH 1HITIOITOPH KOPO3il Ta HAKUIIOYTBOPEHHS. TaKoX
JUIs cTabimizaiii BOAM BUKOPUCTOBYIOTh PEIOKCHUTH HAa OCHOBI 10HOOOMIHHMX
MaTepiaiiB, 110 3a0e3MeUyOTh 3HIKEHHS KOPO31MHOI arpeCUBHOCT1 BOJIH.

VY nepuiomMy po3aiii OMMCaHO CyYyacHI METOJU KOHJUIIIOHYBaHHS BOJU IS
BOJOLMPKYJIAIIMHUX CUCTeM. [l JaHWUX CHCTEM BHUKOPHUCTOBYIOTH IPOIECH
IIOMSIKIIICHHST BOJM 3a JOIOMOTOI0 XIMIYHUX Ta (Pi3MKO-XIMIYHMX METOJIB, SKI
MarOTh CBOI IepeBary Ta HEAOIKH.

HasBHicTh y BOA1 cOeil KalbI[il0 Ta MarHir0 BUKIWKAE Pi3HI MPOOIEMHU i
yac il BUKOPUCTaHHS Yy TIPOMHCIOBUX TmoTpebax. Tomy B mpoiecax
KOHJIUIIIOHYBaHHS BOJU 3aCTOCOBYIOTH CTaOLII3aTOPH HAKUTIOYTBOpEeHHS. JlJs
OUHUIIIEHHS METAJeBUX TIOBEPXOHb BiJI HAKUIy BUKOPHUCTOBYIOTh TPAaBHIIbHI

PO3UYMHHU IS 3HATTS 0CaA0yTBOPEeHb. OCHOBHI BUMOTH J0 TaKMX KOMIO3HIIIN € 1X



BUCOKa €(EeKTHUBHICTh, HU3bKa arpecHMBHICTh [0 KOpPO3ii, HETOKCHYHICTh Ta
KOMITJIEKCHA JTisl.

IcHye Takoxx mpobiieMa 3axXUCTy OOJaJHAHHS BiJl KOPO3ii, 110 KOHTAKTYE 3
BHUCOKOMIHEpaIi30BaHUMH BoJgaMu. B  mpeacraBneHii  poOOTI  mpoBeaeH1
JOCITIJIKEHHS 1010 3MEHIIIEHHSI KOPO31MHOT arpeCUBHOCTI TAKUX CEPEIOBUIII.

[Ipouiecu KOpo31HHOTO pyiiHYBaHHS OOJaJHAHHS Ta TPYO MOCHIIOIOTHCS
3aBJIIKM HASIBHOCTI Y BOJII PO3YMHEHUX KOPO31MHO aKTUBHUX ra3iB. B ocHOBHOMY I1e
HassBHUU PO3YMHEHUN y BOJI KUCEHB. J[JI1 HHOTO XapakTepHUN TBOSKWN BILIMB Ha
MPOIIECH KOpO3ii: K MacUBaTOp — CIPUSE YTBOPEHHIO IMACHBALIMHOI 3aXMCHOI
IUTIBKK Ta SK aKTUBHHUM JETIOJSIPU3ATOP — BHUKJIMKAE TOCWIICHHS Koposii. Jlims
3HEKMCHEHHS  BOAM  3aCTOCOBYIOTH  (i3WyHi  Ta  XIMIYHI ~ METOJIU.
HalinepcnekTUBHIIIMM METOJIOM € 3aCTOCYBAHHS PEIOKCHUTIB.

Y npyroMmy posnauii AMcCepTamiiiHoi poOOTH TpeaAcTaBiieHI OO0 €KTH Ta
METOJI0JIOTISL JIOCTIHKEHb, 10 BKJIIOYA€E B ceOE OMHUC, XapaKTEPUCTHUKY, (i3UKO-
XIMI4YHI1 BJIACTUBOCTI CEPEIOBUIII, MaTE€PiaJliB Ta PEAreHTIB, 110 BUKOPUCTOBYBATHUCS
Ta IPEACTaBIICH] B HACTYITHUX PO3/iiaax auceprarii. OO0’ eKTaMu T0CTiKEHHS OyIia
BOJIONIPOBIJHA, apTe3laHChbKAa Ta HATpiM-KaTIOHOBaHA BOAA, a TaKOX MOJEIbHI
pO34YnHU. Y PO3/ILIIl ONMKCaHI METOAM JOCTIKEHHS cTabimi3amii IprupoIHOi BOIH,
KOpO3IMHUX TpolieciB, MOAN(IKYBaHHS 10HITIB CHOJYKaMH XIMIYHHX €JIEMEHTIB
3MIHHOI BaJIEHTHOCTI Ta MPOIIECU 3HEKMCHEHHSI BOJY Ha MOJU(DIKOBAHUX COPOCHTAX.
Hapeneni mMeroguku it KOHTPOJIIO (hi3MKO-XIMIYHHMX IIPOIIECIB Ta BHU3HAYCHHS
KOHLIEHTpALiil peYOBUH y BO/II.

Y TpeThomy po3/iai poOOTH MPEACTaBICH] pe3yabTaTh PO3POOKH Ta OIIHKH
e(eKTHUBHOCTI 1HTIOITOPIB KOPO3il Ta HAKUMIOYTBOPEHHS ISl TPOMHKCIIOBUX
BOJOIMPKYJISAIIHHAX CUCTEM.

Po3pobneno HOBI 1HTIOITOPU KOPO3ii 1 HAKUIIOYTBOPEHHS 3 BUKOPHUCTAHHIM
JIOCTYITHUX PEAreHTiB, sKi 3a0€3MedyroTh CTa0lIBHICTh BOJIW MO BIAHOLIEHHIO 0
ocaakoBikiaaeHHs Ha piBHI 95—100 % 1 BUCOKY €(EKTUBHICTh 3aXUCTYy CTaJll BiJl
KOpo3ii B aepoBaHuX cepenoBumax Ha piBHI 90-98 %. Ilo epekTBHOCTI BOHH HE

NOCTYMAIOThCS  KpalluM 13 BIAOMHX CTAOUII3aTOpPiB  HAKUIIOYTBOPEHHS —



okcueTuneHAn(PpochoHOBI Ta HITPUIOTPUMETHI(HOCHOHOBIA KHUCIOTaM, SK B
OpICHUX, TaK 1 B MIHEpPATI30BaHUX CEPEJOBHINAX B IIUPOKOMY JlanazoHi
TeMIIepaTyp.

[Toxazano, 110 BCl KOMITO3UIIIT TPABIJIBHUX PO3YUHIB, SIKI CTBOPEHI HA OCHOBI
COJISIHOT, cipuaHoi, pochOopHOT KUCIOT B MPUCYTHOCTI YPOTPOIIIHY a00 ypOTPOMiHY
3 TIOKap0aMiJIoM, MatOTh O1TBIITY KOPO31HHY arpeCUBHICTb, HIXXK BOJOTIPOBIIHA BOJIA.
HaiimeHIoro  KOpO31HOIO ~ arpecuBHICTIO cepel  pO3IJISIHYTUX  BapiaHTIB
XapakTepusyerbes kommosuilis P-29, skxa cTtBopeHa Ha ocHOBI opTodochopHOT
KHCIIOTH 1 3aCTOCOBYETBbCSI B SIKOCTI peareHra g 3HATTS MPOAYKTIB
HAaKUIIOYTBOPEHHS — KapOOHATIB Ta CyJIb(}aTIB KaJbLIIO.

JloBesieHOo, 0 PO3YMHHICTh KapOOHATY KaJbBIIO 1 CyJIb(aTy KaJIbIIiI0 CYyTTEBO
BIJIP13HA0ThCA. HallOuTby po3UrMHHICTG MO CYyIb(aTy KabLII0 CEPEd PO3TISTHYTHX
KHUCJIOT Ma€ cojsiHa kuciorta. He3Bakaroun Ha MEHIIy PO3YMHHICTBH Cylb(ary
KaJIblil0 Y (POCPOHOBHX KHUCIOTAX Y TMOPIBHSIHHI 3 COJSTHOIO KHCJIOTOIO, iX
BUKOPUCTAHHSA ISl BIAMUBaHHS O0OJIaTHAHHS € NOUUIBHUM, TaK SIK JaH1 CIIOJIYKH €
e(deKTUBHUMU CTa01Ti13aTOpaMHi HAKUIIOYTBOPEHHSI Ta 1HT101TOpaMu KOpo3ii MeTaly.

[IpoBeneHo OLIHKY €(EeKTUBHOCTI BUKOPUCTAHHS pO3p00JIeHOT KoMno3ullli P-
33 B sIKOCTI cTabiii3aTopa HAKWUIIOYTBOPEHHS I BUCOKOMIHEpaTi30BaHUX BOJI.
3MiiCHEHO TOCIIAHO-TTPOMHUCIIOBI BUITPOOYBaHHs 1HT10iTOpa conieBiakIaneHns P-33
st 3axucty oOnamHanHs [3HI'Ne3 (I'3-3) ta I'TY-3 «Crpyrun» HI'BY
«lonmunanadrorasy». PekomeH10BaHO MPOMUCIOBE BIIPOBAKEHHS cymin P-33 st
3aXUCTy TPyOOIPOBOIIB Ta 00JIaqHAHHS Ha «/JlonrHaHadTOras».

BusnaueHo KOpo3iiiHy arpecHMBHICTh KOMIIO3MINM PI3HOTO BOJHO-HA(TO-
MiHepaiabHOro ckiany. [loka3zaHo, 1m0 MiHEpasi30BaHI BOJHI PO3UYMHHU € OLIBII
KOPO31MHO arpecCMBHUMHU, aHDXK X KOMIIO3HUIIi1 3 HadTor0. BusiBieHo, 110 iHrioiTop
Ha OCHOBI aJKIIIMIJA30J11HYy 3a0e3leuye BUCOKY €(PEeKTHUBHICTh 3aXUCTY CTall BiJ
KOpo3ii y MiHEpadi30BaHUX BOJHO-HA(PTOBUX €MYJLCIAX MPHU TEMIIEpaTypax BiJl
30 °C no 80 °C. BcranoBneHo, 110 iHTOITOPU Ha OCHOBI aJIKLIIM1a30J11HY Y BOJHO-
OpraHIYHUX €MYJIbCISIX Ha OCHOBI MIHEpaIi30BaHOI BOJU Ta METPOJICHHOro edipy

e(eKTUBHI JIMILIE 32 HEBUCOKUX TEMIIEpPaTyp.



VY derBepTOMY PO3IUTI IMCEPTALIWHOT pOOOTH MPEICTAaBICHI Pe3yJabTaTH
PO3pPOOKH HOBUX CHUCTEM 3HEKHUCHEHHS BOJIM VISl TETUIOCHEPTETUYHUX YCTAHOBOK.

HaseneHo mpeBaru Ta HeNONIKM penokcuTiB y Fe?*-dopmi ta Na‘-popmi,
monudikoBanoro Fe(OH),, y mpomecax 3HeKHMCHEHHS Bojau. IlokaszaHo, IO
momudikoBani  kariomitu KVY-2-8 Ta Dowex Mac-3 y Fe?*-¢opmi
XapaKTePU3YIOThCS BEIMKOIO BITHOBIIOBAILHOIO 3AaTHICTIO. [lpu 301ibIIeHHI
MiHepasi3aiii BOJIU 11e CyMpPOBOKY€ETHCS BUMUBAHHSM 10HIB 3ai3a 3 10HITY, 10 B
CBOIO YEPry CYTTEBO YCKIIQJIHIOE MPOIIEC pereHeparlii peIoKCUTY.

[Tokazano, mo copOris cylib(iT-aHIOHIB HA BUCOKOOCHOBHHMX aHIOHITax B
COJIbOBIA (popMi 3aneXuTh Bl KOHUEHTpPALil pO3YMHY CynbQITy HATpILO.
BcranoBneno, 1o npu o0poOIii B JUHAMIYHUX YMOBaX CJIa0OKUCIOTHUX aHIOHITIB
B COJIbOBIM Ta OCHOBHIH (hopmi po3unHamu cyibQiTy Ta 01Cynb(pITy HATPIIO EMHICTh
1o cyib(iTax 3pocTac 13 MABUIICHHSIM KOHIEHTpPAIIil pO3YHHIB.

Busznaueno emuicth aHioHiTy AB-17-8 mo cynb(diT-aHioHax 13 pO3YHHIB
MeTabicynbdiTy HaTpito. [lokazano, 1o copOiiiiHa EMHICTh HE 3aJIXKUTh BiJ (hopMuU
aHIOHITY, a BHM3HAYA€THhCSH BHUXITHOI KOHIICHTpAI€0 MeTabicylbdiTy HATpifo.
[IpoBeneHO HOAOMETPUYHY OIIHKY BiTHOBIIIOBAIBHOI 34aTHOCTI aHioHiITY AB-17-8
B 3aJICKHOCTI Bij Horo dbopmu mpu MoaudikyBaHHI MeTaOiCynb()ITOM HATPIO Ta
B1IMIYCHO BHCOKI 3HAYEHHS 3a BCIX YMOB.

BusHaueHO BIUIMB aHIOHIB, PO3YMHEHUX Yy BOJI, 110 3HEKHCHIOETHCS, Ha
aH10HITH B cynbdiTHIN Popmi. [Tokazano, 1o cynsdatu Ta XJIOPUAU IEBHOIO MipOIO
BUJTYYalOThCS 13 BOJAU 3 YACTKOBOIO, IHKOJIM 13 HE3HAYHOIO JECOPOLIED CYyIb(iT-
aHIOHIB.

BusnaueHo e(EKTHUBHICTh OJHOCTAIIMHOTO 3HCKHCHCHHS BOJH 34
nonomorow penokcuty M3. Tlokazano, 110 JBOXCTyINeHEBa cTalutizalliiiHa
o0poOka, sika BKJIIOUae B ceOe¢ 3HEKHUCHEHHS BOJAW Ta 11 TMOJANbIIEC HATPIN-
KaTiOHyBaHHS, € Oulbll e(eKTUBHOI. BcTaHOBIEHO, MO MpPU BUKOPUCTAHHI
MOM’SIKIIEHOT BOAM €(EKTUBHICTh 3HEKHCHEHHSI BOJIMU HAa (PUIBTPI, 3alIOBHEHOMY
PEIOKCUTOM Ta KaTioHOOOMiHHOMY ¢inbTpi B Na'-dopmi 3poctae, sk i

e(EeKTUBHICTh BUJIy4eHHS 10HIB 3amiza. JlOCHipKEHO BIUIMB  IMIBUAKOCTI



GbiIpTpyBaHHS Ha MPOIECH 3HEKHMCHEHHS BOJAM Ta BHUJAJCHHS 3 HEl 10HIB 3aii3a.
[ToxazaHo 3BOPOTHIO JIHINHY 3aJIEKHICTh €(EKTUBHOCTI BUAAJIEHHS CIOJIYK Bif
IIBUJIKOCT1 (D1IBTPYBaHHS.

Ha ocHOBI oOTpuMaHHMX pe3ynbTaTiB JOCHKEHb Oylo po3po0sieHo
MPUHIIUIIOBY TEXHOJIOTTYHY CXEMY YCTaHOBKM 3HEKMCHEHHS BOJIU JIJIs1 BAPOOHUIITBA
napu Ta Mepex TeronocrayaHHs. llpencraBieHa cxema J103BOJISIE OTPUMATH
MOBHICTIO 3HEKHUCHEHY JeMiHepami30BaHy BOAYy. TakoX BOHa mepeadavae
nepepoOKy BCIX PIAKUX BIIXOAIB y MPOJYKIIIO, KA MOXE OYTH BUKOPHCTAHOKO B
I1H K€ TEXHOJIOTI]I.

Karw4oBi cioBa: KOHAWIIIOHYBAaHHS BOAM, BOAOLMPKYJISIIIIAHI CUCTEMHU,
crabumzaiiss BOJW, IHTIOITOPH KOpPO3ii Ta HAKOIMOYTBOPEHHS, PEIOKCHT,

3HCKHUCHCHHS BOJAU
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The dissertation is devoted to solving the problems of reducing the ecological
danger in the operation of water circulation systems in industry. Available salts and
gases dissolved in water cause corrosion of metals and deposits of scaling products
on the walls of equipment. This, in turn, leads to significant costs for the operation
and repair of the equipment, as well as an increase in the volume of discharge of
purge water into the hydropower network and, consequently, an increase in the
volume of fresh water intake. To improve the efficiency of water use in water
circulation systems, it is recommended to use corrosion inhibitors and scale
formation. Redoxites based on ion-exchange materials are also used to stabilize
water, which reduce the corrosive aggressiveness of water.

The first section describes current water conditioning methods for water
circulation systems. These systems use water softening processes using chemical
and physico-chemical methods, which have their advantages and disadvantages.

The presence of calcium and magnesium salts in water causes various
problems when used in industrial applications. Therefore, in the processes of water
conditioning use scale stabilizers are used. To remove metal surfaces from scum,
etching solutions are used to remove sedimentation. The main requirements for such
compositions are their high efficiency, low corrosion aggression, non-toxicity and
complex action.

There is also the problem of protecting the equipment from corrosion in
contact with highly mineralized water. In the presented work, researches have been

conducted to reduce the corrosive aggressiveness of such media.



The processes of corrosion destruction of equipment and pipes are
exacerbated by the presence of dissolved corrosive gases in water. Basically, it is
oxygen dissolved in water. It is characterized by a twofold effect on corrosion
processes: as a passivator — promotes the formation of a passivation protective film
and as an active depolarizer — causes a corrosion enhancement. Physical, chemical
methods and the use of redox are used for water deoxidation. The most promising
method is the use of redox.

The second section of the dissertation presents the objects and methodology
of the research, which includes the description, characterization, physicochemical
properties of the media, materials and reagents used and presented in the following
sections of the dissertation. The objects of study were tap, artesian and sodium-
cationic water, and each model solution. The section describes methods for studying
the stabilization of natural water, corrosion processes, modification of ionites by
compounds of chemical elements of variable valence, and processes of water
oxidation on modified sorbents. Methods for control of physicochemical processes
and concentrations of substances in water are presented.

The third section presents the results of the development and evaluation of the
effectiveness of corrosion inhibitors and scale formation for industrial water
circulation systems.

New inhibitors of corrosion and scale formation using available reagents have
been developed that provide water stability against sedimentation at 95-100 % and
high efficiency of steel protection against corrosion in aerated environments at 90—
98 %. In efficiency, they are not inferior to the best known stabilizers of scale
formation — oxy-ethylenediphosphonic and nitrilotrimethylphosphonic acids, both
in fresh and mineralized environments in a wide range of temperatures.

It is shown that all compositions of etching solutions, which are based on
hydrochloric, sulfuric, phosphoric acids in the presence of urotropin or uro-tropin
with thiourea, have more corrosive aggressiveness than water-borne water. The least

corrosive aggressiveness among the considered variants is characterized by the



composition R-29, which is created on the basis of orthophosphoric acid and is used
as a reagent for the removal of products on-boiling - carbonates and calcium sulfates.

It is proved that the solubility of calcium carbonate and calcium sulfate differ
substantially. Hydrochloric acid has the highest solubility in calcium sulfate among
dissolved acids. Despite the lower solubility of calcium sulfate in phosphonic acids
compared to hydrochloric acid, their use for washing equipment is appropriate, since
these compounds are effective stabilizers of scaling and corrosion inhibitors of metal.

The efficiency of using the developed composition R-33 as a scale stabilizer
for highly mineralized waters is evaluated. Experimental and industrial tests of the
salt deposition inhibitor R-33 for the protection of equipment GZNG Ne3 (GZ-3) and
GTU-3 "Strutin” of NGVU "Dolinanaftogaz" were carried out. The industrial
introduction of the R-33 mixture is recommended for the protection of pipelines and
equipment at Dolynaftogaz.

Corrosive aggressiveness of compositions of different water-oil-mineral
composition was determined. Mineralized aqueous solutions have been shown to be
more corrosive to corrosion than their petroleum compositions. It is shown that
alkylimidazoline-based inhibitor provides high efficiency of corrosion protection of
steel in mineralized water-oil emulsions at temperatures from 30 °C to 80 °C. It has
been found that alkylimidazoline-based inhibitors in water-organic emulsions based
on mineralized water and petroleum ether are effective only at low temperatures.

The fourth section of the dissertation presents the results of the development
of new systems of water desalination for thermal power plants.

Advantages and disadvantages of redox in Fe?* and Na*-form modified with
Fe(OH), in the process of water deoxidation are presented. The modified CU-2-8
and Dowex Mac-3 cations in the Fe?*-form have been shown to be highly resilient.
With increasing mineralization of water, this is accompanied by the leaching of iron
ions from the ionite, which in turn significantly complicates the process of
regeneration of redox.

It is shown that the sorption of sulfite anions on highly basic anionites in salt

form depends on the concentration of sodium sulfite solution. It is established that



during the treatment under dynamic conditions of weak acid anionites in salt and
basic form with solutions of sodium sulfite and bisulfite the capacity of sulfites
increases with increasing concentration of solutions.

The capacity of the AV-17-8 anionite by sulfite anions from sodium
metabisulfite solutions was determined. It is shown that the sorption capacity does
not depend on the anion exchange rate, but is determined by the initial concentration
of metabisulphite on-trio. lodometric estimation of the restorative ability of the
anion exchanger AV-17-8, depending on its shape, when modified with sodium
metabisulphite, and high values under all conditions were noted

The effect of anions dissolved in the water to be decontaminated on anionites
in sulfite form is determined. Sulphates and chlorides have been shown to be
removed from partial water, sometimes with little desorption of sulphite anions.

The efficiency of one-stage water oxidation with the help of M3 redox was
determined. It has been shown that two-stage stabilization treatment, which includes
water oxidation and its subsequent sodium cation, is more effective. It has been
found that when softened water is used, the efficiency of water deoxidation on the
filter filled with redoxite and the kata-exchange filter in the Na*-form increases, as
does the efficiency of extracting iron ions. The effect of filtration rate on the
processes of water deoxidation and removal of iron ions were investigated. The
inverse linear dependence of the removal efficiency of the compounds on the
filtration rate is shown.

On the basis of the results of the research, a principle scheme for the
installation of water decontamination for steam production and heat supply networks
was developed. The presented scheme allows to obtain completely de-oxygenated
demineralized water. It also involves the conversion of all liquid waste into products
that can be used in the same technology.

Key words: water conditioning, water circulation systems, water stabilization,

corrosion and scale formation inhibitors, redox, deoxygenation of water
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