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HauioHanbHuii TeXHiYHUI YHiBepcuTeT YKpaiHu
«KuiBcbknii moJitexniynnii incturyt imeni Irops Cikopcbkoro

JOCJ/IIIZKEHHA BIIVIMBY 10HIB 3AJII3A TA MIAI HA TIPOLIECH
SHEKMCHEHHS BO/IAN ITPHU PI3BHUX TEMIIEPATYPAX 3
BUKOPUCTAHHSAM PEATEHTY I'I IPASUHY

Busueno kinemuky npoyecig 6udanieHHs KUCHIO i3 600u 3a donomozoio 2zipasun ciopamy. Iloxazano, wo
weuoxicms ma eheKmusHicms npoyecy 3pOCmac npu nio8ueHHi Konyenmpayii peacenmy ma niouUueHHI
memnepamypu 800H020 cepedosuuia. Buxiona KoHyeHmpayis KUcHO y 800i 8 OAHOMY GUNAOKY 3ANeHCald Gi0
memnepamypu cepedosuwya. Ilpoyec KOHMpO0GanU KUCHEMIPOM NO 3MiHI KOHYeHMpayii KUCHIO, o
3HAXOOUMUCH Y 2epMemuyHo 3akpumii emrocmi. 3a memnepamypu 20 °C npoyec 368 'a3y8anHs KUCHIO MPUBAE
nonad 60 xé ma 3a HU3LKUX memnepamyp O00CSAemU NOBHO2O0 3HEKUCHeHHs max i He eoanocs. Cymmeeozo
3POCMAaHHs WEUOKOCMI 3HEKUCHEHHS NPU 3ACMOCYSAHHI 2I0pa3uH 2iopamy ma npu 000aeanHi y 600y cyavhamy
saniza (II) ma oxcudy mioi (I) 6 konyenmpayisx 0,1-1,0 m2/om® max i e edanocs docsemu.

Knouosi cnoea: «koposis, memnepamypa, 3HEKUCHEHHs 600U, KAMANI3amop, KiHemuKka OKUCLEeHHS,
800004 UWEHHS, 8000NIO20MOBKA, 2IOPA3UH

DOI: 10.20535/2617-9741.1.2025.325849

* Corresponding author: j.nosachova@gmail.com
Received 24 January 2025; Accepted 27 February 2025

IMocTtaHoBka npoOJeMu. 3HEKHUCHEHHS BOJAM € Ba)UIMBHM METOJIOM JUIS 3HWKEHHS KOpO3il MeTaliB,
OCKUTbKHM KHCCHb € OJJHMM 3 OCHOBHHX arcHTIB, IO CIPHSIOTH KOPO3ifiHMM mporecaMm. Bopga, o MiCTHTh
PO3YMHEHUI KHCEHb, MOKE aKTHBHO B3aEMOMIATH 3 METaJaMH{, BUKJIMKAIOUN iX OKHCICHHSA Ta PyWHYBaHHS.
3MCHIIICHHS KOHIIEHTPAIIl KHCHIO Y BOJII JIOTIOMAra€e CyTTEBO YIOBUIBHUTH Ili MPOIIECH.

Kopo3ziss MeraniB BimOyBaeThcs BHACHITOK €ICKTPOXIMIYHHMX DEaKIlid, e MeTal BTpadae eJIeKTPOHHU
(aHOnHUMIT mpolec), a OKHCIIOBaY (YacTo KHceHb) ix mpuiimae (karomuuii mpouec). IIporec koposii mMoxHa
OTIMCATH HACTYITHUMH HaIliBPEaKITi IMHU:

*  Anopumii npouec: Me’—Me? +ze”

»  Karoguwmii npouec: Ox+4H++4e”—2H,0

3HEKHUCHCHHS BOJM MOXCE 3HAYHO 3HHM3HUTHU IIBHJKICTh IUX PEAKIiN, OCKIIBKU YCYBA€ OJHMH 3 KIFOUYOBUX
peareHTiB — KHCEHb. B CBOIO 4epry 3MEHIICHHS KOHIIEHTPAIli KHCHIO y BOJI MOYe NMPHU3BECTH 10 3HMKCHHS
IIBUJIKOCTI YTBOPEHHSI KHCHEBOT MACHBAIIIMHOT TUTIBKH HA MIOBEPXHI METAITy, THM CAMHM 3HW)KYIOYH 3aXHCT BiJl
kopo3ii. [IpoTe 3HEKNCHEHHS BOIU € €(PEKTUBHUM CIIOCOOOM 3HIDKEHHS KOpO3ii MeTajiB, 0COOIMBO B yMOBaxX
3aMKHYTHX CHCTEM Ta IiJIBUIICHOI TEMIIEpPaTypH, JI¢ KUIBKICTh KUCHIO BCE OJHO HEAOCTATHS JJIS YTBOPCHHS
MTOCHBAITIHOI TUTIBKH. BHKOpUCTaHHS PI3HUX METOJIB 3HEKHCHEHHS J03BOJISIE KOHTPOJIIOBATH arpeCHBHICTH
CepeIOBHINA 1 TPOJIOBXKUTH TEPMiH CITy>KOU MeTalleBUX KOHCTpyKuii [1].

AHaJi3 nmonepeaHix aocainkenn. [TpodieMu BOJOMIATOTOBKY € TyXKe aKTyaTbHUMHU MPH pOOOTI KOTIOBUX
YCTAaHOBOK Ta CHCTEM OOIrpiBY, SIK HEBEIUKUX KOTEJICHD, BEIUKUX ITiIPUEMCTBAX, TAK 1 CHEPreTHYHHUX 00’ €KTIB.
OCHOBHOIO MIPUYWHOIO BHYTPIIIHBOI KOPO3ii 0018 THAHHS 1 TPYOOIIPOBOIIB BOJHUX CUCTEM TEIIONIOCTAYaHHS €
HasBHICTh B BOJII PO3UYMHEHHMX KOPO3IMHO-aKTHBHHX Ta3iB (KMCHIO Ta JioKcun Byriewto). Lle nmpusBomuts 10
€KOHOMIYHMX BHTPAT, MOPYIIEHHS TEXHOJIOTII MPOIIeCY, TAKOXK 301IbIITY€ETHCS aHTPOTIOTeHHE HaBaHTKEHHS Ha
HABKOJIMIIIHE cepeaoBuIle. TOMy 0 JaHUX BOJHUX PSIKHMIB BUCYBAIOTHCS BUCOKI BUMOTH II[OJI0 3HECOJICHHS Ta
3HEKHCHEHHS, 1110 JI03BOJISIE 3HU3UTH arPeCUBHICTH BOJIH, 3a1T00ITTH YTBOPEHHIO HAKHITY, KOPO3ii TpyO i amaparis
y CHCTEMi BOJIONIOCTAYaHHsI, 3MCHIIIUTH 3a0ip YUCTOI BOJAHY 3 MOBEPXHEBUX Ta MiI3EMHUX JKECPEIL

Jis 3MeHmeHHS KOHIIGHTpAIlil KHCHIO y BoAi, ab0 HOro MOBHOTO BHAANCHHA 3 CHCTEMH MOXKHA
BUKOPHCTOBYBATH JOCHTh BEJIHMKY KUIbKICTh METOIB — (Di3W4HI, XiMi4HI, Pi3MKO-XiMi4HI Ta KOMOiHOBaHi [2].

ITpu 3acTocyBaHHi XiMI4HOT Jeaeparlii BOIW 3aMiCTh TPAIUIIIHHOI TEPMITHOI Binamae morpeda BUTpadaTu
TEIUIOTYy Ha HarpiB BOJU, 3MEHINYIOTHCS BHUTPATH EJIEKTPOEHEeprii Ta TabapuTH NPHUMIINIEHHS, TOMY
MPOTIOHYETHCSI IS BOAOTPIHUX KOTEIICHb XIMIYHA Jeaepallis, o OUTbII €KOHOMIiYHA, IPOCTa Ta HaJiiiHA B
ekcrutyartanii. g xiMigHOi neaepartii BOJM 3aCTOCOBYETHCS, B OCHOBHOMY, CYJIb(IT HATpitO, SKUH TpH
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B3aEMOJIIT 3 KHCHEM IEPEXOANTh Y NMOoOpe PO3UMHHHUN HEHTpaidbHUWI Cyab(haT HATpPiio, MO0 3HAXOAUTHCS Y
NPUPOJHHUX BOJAX, 1 B TOMY YHCII Y IMTHIH BOJI.

BrpoBapkeHHS HOBOT TEXHOJIOTii XiMidHOI Ieaeparlii Bogu Ha ocHOBI KaramitnaHoro Redox-K ¢imerpa
3a0e3neuye CKOHOMIUHY i HaJiiiHy pOOOTY CXEMH 3HCKHCHEHHS BOJIU ISl BOJOTPIHUX KOTIIB 1 TEIUIOBUX MEPEK.

JI1s TETIOBUX MEpEek PEKOMEHIYEThCS 3aCTOCOBYBATH XiMiuHy aeaepariro Boau 3 Redox-K ¢imstpom i
KOPEKIIHHO MPOTHHAKHUITHOK 00p0o0KoI0 Boau hoconaramu. HeoOXimaHI HOBI METOAM XIMIYHOI MiArOTOBKU
Boau (crabimizamifina oOpoOka BOAM) UISI CHUCTEM IEHTPAIBHOTO TEIUIONIOCTAYaHHSA, IO JacTh 3MOTY
MiABUIIUTH eHeProeeKTUBHICTh cucTeM Terodikamii [3].

[TpoBeneHo MOCIiHKEHHIO BILTMBY PEaKIlil CepeIoBHIIA Ha IIBUAKICTh 3HEKUCHEHHS BOM CYJIb(ITOM HATPIIO B
NPHUCYTHOCTI 10HIB 3aiti3a OyJI0 BH3HA4YEHO €(PEeKTHBHICTH CyJb(ITY HATPIIO NpPU BiJHOBJIEHHI KHCHIO y BOJI.
IToxa3zaHo, 10 MIBUAKICTH BiJIHOBJICHHS KHCHIO 3POCTAaE TPH IMiJABHINICHHI KOHIIEHTpAITl KaTami3aTopy — Cyabdary
3amiza B Mexkax Bix 0,2 no 0,5 mr/mM3 mo ionax 3amiza. [lokazaHo, 0 IIBUIKICTH BIIHOBJICHHS KUCHIO Y BOII
cynb(iTOM HaTPirO B MPUCYTHOCTI 10HIB 3ai1i3a 3pocTae mpu 3amkeHHi pH cepemopuima Bix 9,0 mo 3,0. Katamitnaamii
edexT i0HIB 3aJ1i3a B NPUCYTHOCTI HAUIMIIKY CyJIb(ITy HATPilO 3pOCTa€ 3 MiAKUCICHHSIM BOAHOIO PO3YHHY, IO
cripusie BUAKOMY BifHOBIEHH!O ioHIB 3aumiza (1) no 3amiza (II). [Tpu mpoMy ionm 3aimiza (II) Jierko B3aEMOIIIOTH 3
KHCHEM, 110 CIIPUSIE MiIBUILICHHIO IIBUJIKOCTI BITHOBJICHHSI KHCHIO CYJIB(ITOM 3 MiKUCICHHSM pO34uHy [4].

[IpoTe mpu MiATOTOBII Pi3HUX BOJHO-XIMIYHUX PEKUMIB 4aCTO JIy>Ke )KOPCTKO PETIIaMEHTY€EThLCS HAsIBHICTh
cyib(haTiB Ta IHIIMX HAKUIOYTBOPIOIOYMX HOHIB.

MeTo10 CTATTI € JNOCIHIKEHHS 3arajbHOi €()EeKTUBHOCTI PEareHTHOro METO/Yy 3HIDKCHHS KOHIIEHTpauii
KHCHIO Y BOJi TNpHW BUKOPHCTaHHI TiApa3WH TifpaTy 3a pI3HUX TEMIepaTyp Ta pI3HUX KOHIEHTpaIlii
KaTaJi3ylouux HoHiB, a came ioHiB 3aiiza (II) ta mini (I).

MeTtoauka po6oTH. )11 BUKOHAHHS TOCTIIPKEHHS B SIKOCTI pe3epByapy Oyia miAroToBjIeHa TepMeTHIHA
CKIsiHa €MHICTh. IlinTpuMyBaHHS TepMETHYHOCTI peajli3oBYBaJOCh 3a JOIOMOIOI0 CIELiajbHOI T'yMOBOI
HACaJIKH, 110 K01 KpinmuBCs enekTpo kucHemipa Milwaukee MW600. B ckisiHy €MHICTB, 3alIOBHEHY BOJIOIO,
JI0ZIaBaJIN PO3PAax0OBaHy 403y PO3UYMHY TifpasuHy Ta cyiabdary 3aiiza (II) abo oxcumy mini (I). Ilicis goro Bmict
MepPEeMIITyBaBCs i BCTAHOBIIIOBABCS €JIEKTPOJT KHCHeMipa. J[s miaTpuMKy HEeoOXiMHOT TeMIepaTypH, EMHICTh
HOMiIllaJI Ha BOJsIHY OaHro, TeMIeparypa skoi BinoBigana 3aaniil temiiepatypi Boau. KoHueHTpais KUCHIO
BUMIPIOBAJIaCh KOKHI 5 XBUJIMH MPOTSATOM OJIHI€T TOMHH.

Bukaan ocHoBHOro marepiaiy. i1 KOTJIiB BUCOKHX i HAJIBUCOKHX THCKIB 3aCTOCOBYETHCS TipasuH y
BUIJIAI TiApasWH TiApaTy 9 TUApPA3HH Cyib(dary, sKi JETKO B3a€MOJMIIOTH 13 KHCHEM Ta YTBOPIOIOTH B
pe3yJibTaTi peakuii Boay i BUIBHHAN a30T, THM CAMUM HE IiIBHIIYIOYH COJICBMICT BOJIU:

N2Hs - H20 + 02 =3H,0 + N, (1)

lNnppasuH TinpaTr ycHillHO 3aCTOCOBYETHCS 11 OOpOOKM BOAM sIK OapabaHHMX, Tak i MPSIMOTOYHUX KOTJIB.
[IBuIKICTh peaKiii 3aJIeKHUTh Bill TeMIiepaTypH, pH cepenoBuIna, HaUTUIIKY TiIpa3uHy BiIIOBIIHO JI0 3aKOHY il Mac,
a TaKoK MpHCYTHOCTI Kataiizaropis. [Ipu Temneparypi menie 30 °C rigpasuH NpakTHYHO He B3aemoie 3 O, aje npu
105 °C, pH 9-9,5 Ta HamymImKy rigpa3uHy 4ac MpakTUIHO TIOBHOTO 3B'SI3YBaHHS KMCHIO CTAHOBUTH KiJTbKa CEKYH]I.

[IBunKicTh peakii Ta 4ac KOHTAKTY € Jy’Ke BRXXJIMBUMH IIOKa3HUKAaMH B IIPOMHUCIOBOMY BOJIOCIIOKHMBAHHI,
ocoONIMBO B yMOBax cHenu(piuHUX BOJHHUX PEKHUMIB TIPOMHUCIOBUX TIPOIECIB  OXOJIO/DKCHHS Ta
TEIJIOBOJOLMPKYJIALIT, 1€ BOJIa MOKe HarpiBaTucs abo oxouto pKyBatucs 1o 30-50 °C.

Ha ocHOBI eKkcriepuMEeHTAILHUX MaHUX OYJI0O OTPUMAaHO 3aJIEKHOCTI, IO JEMOHCTPYIOTh KIHETHKY 3MiHH
KOHLEHTpALil KUCHIO YIIPOIoBXK oAHiel ronuun. Crioyatky Oyi10 MpoBeIeHO JOCIIIKSHHS 3MIHM KOHLIEHTpALi1
KHCHIO TIPY TOJaBaHHI TiApa3uH TiApaTy MpH 3MiHi TemnepaTypu pocminy Bia 15 mo 40 °C (puc. 1).

3 OTpUMaHMX PE3yJIbTATIB BUAHO, 110 BUKOPHUCTAHHS TiApPa3vH TipaTy y BOJi € eEeKTUBHHUM JIHIIC 32
temreparypu Ginsmre 30 °C ta mo3u rigpasuny 50 mr/mv?, gepes 20-30 XB BIAJ0CS 3HM3UTH KOHLEHTPALIIO
kucHio 110 0. [Ipore nmpy 3HEKMCHEHHI MiJPKUBIIIOBAILHOT BOJIM, BOHA MOXKE HE MIAIrpiBaTucs i TOMy 3pocTae
BipOTiTHICTh MOTPAIISTHHS KUCHIO B CHCTEMY.

[Micnst mocmimKeHb MO BU3HAYCHHIO ¢(DEKTUBHOCTI BUIAJICHHS KUCHIO 3a JIOTIOMOTOIO TiJpa3wH riapary, 0yio
NPUIAHATO PIIIEHHs! BUNPOOYBATH i0HM 3a1i3a Ta MiJii B IKOCTI KaTali3aTopiB XiMIYHOTO TIPOLIECY 3HEKUCHEHHSI.

AHaii3y104n monepeaHi JOCTiPKeHHS MOKHA MPUIYCTUTH 1m0, ioHM 3aiiza (I1) ta mimi (I) € BaxmBuMH
peareHTaMu B TIPOIECcaX 3HEKUCHEHHS BOJM, OCOOIMBO B KOHTEKCTi MPHCKOPEHHs peakiliil. Ix 3actocyBaHHs
MOB’sI3aHE 3 OKHCHO-BITHOBHHMM PEaKIlisSIMH, SKi BiIOYBAarOThCS IiJ Yac JOJaBaHHI O BOAW pa3oM 3
peareHTaMu-BiJHOBHUKAMH.

BonHouac, Fe?* moxe oxmcmoBaTtuch 10 Fe3t, a Cut go Cu?*, mo Takox BIUIMBAE Ha 3arajbHUI OalaHC
KHCHIO Y BOJTHOMY CEpPEIOBHILI.

Ha pucynkax 2-5 300pakeHa 3aleXHICTh 3aJMINKOBOI KOHIIGHTpAIil KHCHIO BiJl Yacy KOHTakKTy,
KOHLEHTpALI TiJipa3yH riipaTy IIpu 3aCTOCYBaHHI B SIKOCTI KaTajizaropa ionu 3amnisa (II) 3a pisHux temmepatyp.
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3MiHa KUCHIO IPU BUKOPUCTAHHI Tiipa3uH Tinpaty y noeaHansi 3 FeSO4 y Boai mpu Temneparypi 15 °C, ve
€ CYTTeBOK. B OKpeMHX BHIIAIKaX 3aIMIIKOBA KOHIEHTpauis Oy Jocarae BiIMiTKH 3 MI/IM>, IpH MOYaTKOBIH y
5 Mr/amM>, o € CyTTEBMM MiJBUINEHHSAM €()EKTUBHOCTI B TOPIBHSHHI 3 BUKOPMCTAHHSM TiILKH TiApazvH
rigpary, konuenTpauis Oz NpHu 1LOMY He Oyia HUKUOK0 4,5 Mr/am>.
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Puc. 3 — KineTnka 3MiHN KOHIIeHTpalil KHCHIO Y BOJI 3 4aCOM 3a Pi3HMX /103 TiIpa3uH riaparty
Ta ioHiB 3aJiza (II) mpu 20 °C

IMpu Temneparypi 20 °C (puc. 3) TeHACHLIS HECYTTEBOI'O MiJIBUIIECHHS €(PEKTUBHOCTI 3HEKHMCHEHHS
30epiraeTbCsi Ha PiBHI, MO 1 B IONEPEOHIX BHIIAJKaX. X04a MOXHA BIAMITUTH CYTTEBE CKOPOYEHHS 4Yacy
JIOCSATHEHHS HyJIb0BOT KOHLIEHTPALlii KUCHIO MPH 1031 rigpasuy 50 mr/am? 3 40 xsunun 10 20-25 npu 1031 i0HIB
samiza (11) 0,1-1 mMr/am’.

Pucynku 4-5 xapakTepu3yloTh KiIHETHKY 3MiHH KOHIICHTpPAIil KUCHIO MPH ITiIBUIIEHH] TeMIIepaTypy BOIN
1o 30 Ta 40 °C BiamoBigHO. MOXHA MIKPECIUTH 3araJlbHy TEHACHINIO 3HKCHHS 3aJUIIKOBOI KOHIICHTpAITii
KHCHIO Ha 45 mr/om>. TpoTe, npu 36inbHIeHH] 1034 Tigpasudy 10 50 Mr/aM® MokHa MOGAYHTH, 110 3MEHIICHHS
piBHA KHCHIO nocsrio 0 mpotsrom 15-20 XBuHH.

MoyKHa TIAKPECIUTH 3arajibHy TCHJCHIII0 3MIHU IMOKA3HUKIB KOHIICHTPAIFD KHCHIO Y BOJi, a came
IPOCITiIKOBYEThCS 3HMKEHHs piBHA O npu nodatkoBomy pisai 6-4 mr/nm® o 1,4 mr/mm® ta 0,2 mr/am3
BianoBigHo. ToOTO, MOXHA TPHITYCTHTH, WO NpW 30UIBIICHHI J03W TiJpasuH rixpary Tta ioHiB 3amiza (I)
30UIBIIY€ThCS HE TUIBKY €(DEKTHBHICTh BUJAJICHHS KMCHIO, a 1 Yac, 3a SIKMH Lie B1I0yBa€eThCS.

IMpore, 4acTo BUXOASYHN 3 TEXHOJIOTTYHUX PEXKHUMIB Ha BUPOOHHUIITBI KOHIIEHTPALIisl KUCHIO HABITh Ha PiBHI 1—
2 Mr/nm® He JIOMYCKA€EThCS, @ 4aC KOHTAKTY € BUPINIAJLHUM TEXHIYHUM TapaMeTpoM, IO CyTTEBO BIUIMBAE Ha
po3mipu criopyt. Tomy OyJio IPUIAHATO PIIIEHHS PO JOCHTIHKESHHS BIUTUBY B SIKOCTI KaTajizatopa ioHiB Mifi (I).

PesynbpTaTn mpuBeaeHI HAa pUCYHKaX 6—9.

Sk BUAHO 3 pUCYHKY 6 e(DEeKTHBHICTh 3MEHIICHHsI KOHIIEHTpallii KHCHIO TPH 3aCTOCYBaHHI B SIKOCTI
karanizaTopis ionis mini (I) He Bimmivanocs npu Temneparypi 15 °C i 3anMiIkoBa KOHIEHTpaLisg 10 5—4 mr/mv?
SK 1 B BUTIAIKY BUKOPUCTAHHS YUCTOTO TiIpa3uH Tipary.
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Sk BUIHO 3 puC. 7-9 HE3HAYHOTO MiABUIICHHA €(PEKTUBHOCTI 3HEKUCHEHHS IMPH 3aCTOCYBaHHI B SKOCTI
KaTajizaropis ionis Cu* BIasock J0CAITH IPH MAKCHMAJILHHX J103aX PEArEHTIB Ta IMiABUIIEHUX TEMIIEPATYPHUX
pexumax. Tinpku npu 1031 Tigpasudy Ha pisHi 50 mr/am® Ta koHueHTtpanii ioniB migi 0,5-1 mr/am® moxHa
CIOCTEpIraTH MiIBUIICHHS CTYIICHS 3HCKUCHEHHS Ha 10—15 %, 110 He € 3aI0BUIBHUM Pe3yJIbTaTOM B HAIIOMY
BUTIAJIKY .

BucnoBku. [TokazaHo, 1110 e(heKTHBHICTD T'iipa3nHy B SKOCTI 3HEKHCHIOIOUOTO areHTy HE € BEJIMKOIO MpH
HEBHCOKHX Temneparypax. [Ipu 3pocranni Temneparypu 10 40 °C MOKIJIMBO JOCATTH MOBHOTO 3HEKUCHEHHS,
NPOTE 1€ BiIOYBAETHCA JOCHUTH JIOBTO, IO HAKIIAJA€ MEBHI OOMEKCHHS Ha 3aCTOCYBAaHHS TiJpa3vH TigpaTy B
NPOMHUCIOBUX MacuITabax. JlocmikKeHHs 3MiHM KOHIEHTpALii KMCHIO Y BOJI 3 JIOIaBaHHSIM TiJpasuH TiapaTy
Ta 10HIB 3aji3a Ta Miai Ta MPH Pi3HUX TeMIlepaTypax IOKa3ajad, M0 NMPU HAWOIIBIINN BIUIMB Ha MPOIECH
3HEKUCHEHHS MArOTh JI03U TiIpa3uHy Ta TeMIlepaTypa, i0HH 3ajliza Ta Miji Maike He BHOCHUJIM CYTTEBHX 3MiH B
nepebir mponecy. Ilpu 3acTtocyBanHi ioHiB 3amiza (II) B KOMITO3UIIT 3 TiApa3WH TiapaToM MPH MiIBUIICHHX
TeMIepaTypax BiAMidaeTscs miABHIICHHS ehekTUBHOCTI BuaaineHHs Ha 30—40 %, a 9ac JOCATHEHHS HyJIbOBOL
KOHIICHTpAIil MpH MaKCUMaJbHHUX J03aX CKopouyeTbcs Ha mpuomu3Ho 90 %. lomm wmimi (I) He mposBmim
KaTaJIITHYHUX BIACTUBOCTCH B KOMIO3HIIISAX 3 TiPa3uH TiIPaTOM MPHU HEBHCOKHX TEMIEpaTypax B Ipolecax
3HEKHCHCHHS 1 MaiKe He BIUIMBAIOTH HA IIBUIKICTD PEAKIIii 3 KUCHEM.

[epcnekTHBH MOTATBIIUX AOCTiMKeHb. [[poBass4n JOCIIPKEHHS 110 3MCHIIICHHIO KOHIICHTPAIIi1 KHCHIO
y BOJI MOXHA JIHTH BUCHOBKY, IO 332 HU3bKUX Ta CEPEIHIX TEMIIEPaTyp BUKOPUCTAHHS TiPa3HH TipaT MOXKE
OyTH He 33JI0BUILHUM IIPU JESKUX CIelipiYHNX peKUMax BOAOKOPHCTYBAHHS, HABITh y IMOEJHAHHI 3 IHITUMHU
peareHTamu, siki MOYKHa BUKOPHCTATH Yy SIKOCTI Karamizatopa. ToMy B HOAAIBIIOMY [UIAHYETHCS TIPOJOBKUTH
nmomyK e(heKTUBHUX 3HEKHCHIOBadiB. Hampukiam, mocimiguTe ePeKTUBHICTH OicyiabdiTy HATPil0 B SKOCTI
peareHTa-peIoKCHa.
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Mpykola Kosmyna, Yuliia Nosachova

STUDY OF THE INFLUENCE OF IRON AND COPPER IONS ON OXIDATION PROCESSES AT
DIFFERENT TEMPERATURES USING HYDRAZINE REAGENT

Water treatment problems are very relevant in the operation of boiler plants and heating systems, both in
small boiler houses, large enterprises, and energy facilities. The main cause of internal corrosion of
equipment and pipelines of water heating systems is the presence of corrosive gases (oxygen and carbon
dioxide) dissolved in water. This leads to economic costs, disruption of process technology, and also increases
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the anthropogenic load on the environment. Therefore, high requirements are imposed on these water regimes
for desalination and deoxygenation, which allows to reduce the aggressiveness of water, prevent the
formation of scale, corrosion of pipes and devices in the water supply system, and reduce the withdrawal of
clean water from surface and underground sources. Deoxygenation of water is an important method for
reducing metal corrosion, since oxygen is one of the main agents contributing to corrosion processes. Water
containing dissolved oxygen can actively interact with metals, causing their oxidation and destruction.
Reducing the concentration of oxygen in water helps to significantly slow down these processes.

To reduce the oxygen concentration in water, or completely remove it from the system, a fairly large number
of methods can be used — physical, chemical, physico-chemical and combined. Hydrazine hydrate is
successfully used for water treatment of both drum and direct-flow boilers. The reaction rate depends on the
temperature, pH of the medium, excess hydrazine according to the law of mass action, and the presence of
catalysts. At temperatures below 30 °C, hydrazine practically does not interact with O3, but at 105 °C, pH 9—
9.5, and an excess of hydrazine, the time for almost complete oxygen binding is several seconds.

Based on experimental data, dependences were obtained that demonstrate the kinetics of changes in oxygen
concentration over one hour. Initially, a study was conducted of the change in oxygen concentration upon
addition of hydrazine hydrate when the experimental temperature changed from 15 to 40 °C.

Studies of changes in the oxygen concentration in water with the addition of hydrazine hydrate and iron and
copper ions and at different temperatures showed that the doses of hydrazine and temperature have the greatest
impact on the deoxidation processes, while iron and copper ions almost did not make significant changes to the
course of the process. When using iron (II) ions in a composition with hydrazine hydrate at elevated
temperatures, an increase in removal efficiency by 30—40 % is noted, and the time to reach zero concentration
at maximum doses is reduced by approximately 90 %. Copper (1) ions did not show catalytic properties in
compositions with hydrazine hydrate at low temperatures in deoxidation processes and almost did not affect the
rate of reaction with oxygen.

Keywords: corrosion, temperature, water deoxidation, catalyst, oxidation kinetics, water purification, water
treatment, hydrazine
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