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Mema. Y3azaneHumu ma cucmemamu3sysamu HasedeHy 8 Jimepamypi iHgpopmMayiro cmocosHo
3aCcmocy8aHHs 030HHUX MexHo102il Y 8UPOBHUYMEI HaMYypasaeHoI WKipu, Hadaroyu ocobausy yeazy
Makum Ka408UM NUMAHHAM AK 6U1bW payioHasibHe 8UKOPUCMAHHA MamepiaibHux pecypcie ma
3MeHWeHHs WKIOausux sukudis y 008KUILIA.

Memodu. AHanis Haykoso-mexHiYHOl Jimepamypu, CUHMe3, NOpPIBHSHHS, y3a2ajbHeHHS ma
cucmemamusayis ompuMaHux pesysemamie.

Pe3ynomamu. Ha nidcmasi aHanizy ma enopsaoKy8aHHsA HAs8HOI 8 HAYKOB0-mexHIYHIl Aimepamypi
(Hgopmayii 8cmaHos/eHo, Wo 030HHI mexHoso2il € o0HUMU 3 6azamoobiysarodux mexHoa02il, AKi
00380/190Mb He Milbku 06p061amu cKAaodHi CNoayKU, NPUCYMHI 8 NPOMUC/IO8UX CMOKAX WKIPAHUX
3aso0is, ane U Hadasamu HeobXiOHI eacmusocmi Mamepiaaam, cCnpusaro4Yu mum camum butew
payioHanbHOMy 8UKOPUCMAHHIO MamepiaabHUx pecypcie.

Haykoea Hoeu3Ha. Bnepuwie y3a2as6HeHO ma cucmemMamu30o8aHo iHGopMayiro npo Moxausocmi
030HHUX MexXHO/102(l y WIKIPAHIU NPOMUC/I080CMI 3 BU3HAYEHHSIM OCHOBHUX HaNPAMIB IX 3aCMOCy8aHHS
01a 6U1bWw echekmuBHO20 BUKOPUCMAHHS MamepliaibHUX pecypcig npu dbaliausomy cmasiaeHHi 00
HaBKo/IUWHbLO20 cepedosuuyd.

MpakmuyHa 3Ha4umicme. Pe3ynemamu sugyeHHs 0opobKy (3 3aCMOCy8AHHA 030HHUX MexHO102(l
Y WKIpAHOMY 8upobHUYMBI cnpuAMUMYMb PO3WUPEHHIO 3HAHb 3 YOOCKOHAJ/eHHsA cnocobis
8U20MOB/IEHHA HAMYPAIbHOI WIKIPiU, @ MAKOX 3MeHWeHHs 3abpyOHeHHs nobymosux ma npoMuc/I08ux
cCMmokis.

Knro4osi coea: 030H, 030HHI mexHo102(l;, WKIPAHA NPOMUC/IO8ICMb, WKIpad, XIMIYHI Mamepiaau;
CMiyHi 8oOu.
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Purpose. To generalize and systematize the information provided in the literature on the use of ozone
technologies in the production of natural leather, paying special attention to such key issues as more
rational use of material resources and reduction of harmful emissions into the environment.

Methodology. Analysis of scientific and technical literature, synthesis, comparison, generalization and
systematization of the obtained results.

Results. Based on the analysis and organization of information available in the scientific and technical
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literature, it has been established that ozone technology is one of the promising technologies that
can not only treat complex compounds present in industrial tannery wastewater, but also impart the
necessary properties to chemical and leather materials, thereby contributing to a more rational use

of material resources.

Scientific novelty. For the first time, information on the possibilities of ozone technologies in the leather
industry has been generalized and systematized, with the main areas of their application identified
for more efficient use of material resources while respecting the environment.

Practical value. The results of the study of developments in the use of ozone technologies in leather
production will contribute to the expansion of knowledge on improving methods for the production of
natural leather, as well as reducing the pollution of household and industrial wastewater.

Key words: ozone; ozone technologies, leather industry; leather; chemical materials; wastewater.

Bcmyn. O30H LWMPOKO 3aCTOCOBYETbCA
B MEAWULMHI, arpornpomMuCIOBOMY CEKTOPI
Ta PIi3HUX rany3ax MNPOMWUCAOBOCTI, Nif 4ac
BMpILLEHHA NPObaeMM 3aX1CTy HaBKOJMULLHBbOTO
cepefoBua Ta PO3PO6NEHHA EKOOTNYHO
YMCTUX TEXHONOTIN. 3aBAAKM BUCOKIV peaKLinHil
34aTHOCTI Ta LWBWAKOMY pPO3KNAaJaHHIO BiH
3ariMae ocobnvBe Micue cepes TpajULLiMHNX
OKWCHIOBauiB. He cnig 3abysatu 1 npo Te, WO
030H € MOTY>XHUM MPOTUMIKPOOHUM areHTOM.
MNpoBeseHHA 030HYBaHHSA 3a HE3HAUHOI BUTPaTK
peareHTy, HOPMaabHOro TUCKY i TemnepaTypw,
BIACYTHOCTI MOGIYHMX MPOAYKTIB, 3A4aTHUX
3a0pyAHIOBaTN PEUYOBUHY, LLO OKUCHHOETHCH,
CNpPVAE CMPOLLEHHIO TEXHONOTIYHUX MPOLECIB,
3 O04HOro 60Ky, a 3 IHWOro — MiABULLLEHHHO iX
edekTnBHOCTI [1-7].

LLkipAHa NPOMMCNOBICTb HaNeXWTb A0 TUX
chep eKOHOMIKM, AIANbHICTL AKUX MOB'A3aHa 3
nepepobkoto aediynTHOT CMPOBUHM BioreHHOro
NOXOAXKEHHSA, BEJIVKUMWU BUTpaTamu BOAM Ta
LIMPOKOro acopTUMEHTY XiMiYHUX MaTepianis,
YTBOPEHHAM BeNMYE3HOI KiNbKOCTI BiAXOAiB.
Tomy cTabinbHUI PO3BUTOK rany3i MOXANBUN
3a yMOBW 6inblu OLLAAJIMBOrO BMKOPUCTAHHA
MaTepiasbHO-CUPOBUHHNX pecypcis,
NigBULLLEHHA KOHKYPEHTOCMPOMOXHOCTI
NPOAYKLi Ta piBHA eKosori3aLii BUpobHMLUTBA.
Baxameum  paktopom  npu BUPILLEHHI
LbOro 3aBAaHHA € Ob6rpyHTOBaHWN BUBIp
XIMIYHMX MaTepianiB | TEXHONOTIYHNX PilLEeHb.
He3BaXkatoum Ha HaABHICTb 3HAYHOI KiJIbKOCTI
nybaikaui,  NPUCBAYEHMX  3aCTOCYBaHHIO
O30HY B PpI3HUX ranyssx, iHGopmauisa npo
O30HHI TEXHOIOTIT Y LWKIPAHIA MPOMUCIOBOCTI
A0BONI 0OOMexeHa Ta He cMcTeMaTn30BaHa, Lo
rasbMy€ BNPOBaJXEHHSA LibOro NepcrnekKTMBHOro
HanpAMKY Y AaHy raay3b nerkoi iHaycrTpii.

MocmaHoeka 3aedaHHA. 3 ypaxyBaHHAM
BUKNajeHoro, copmyaboBaHa MeTa poboTh —
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y3arasbHUTK Ta CUCTeMaTu3yBaTn HaBeAeHy B
nitepatypi iHbOpMaLLito CTOCOBHO 3aCTOCYBaHHSA
O30HHWX TEXHOOTIN Y BUPOOHULITBI HaTypasibHOI
WKipW, Hagaroum ocobamBy yBary Takum
KJAHOUYOBMM MUTAHHAM K Ginbll pauioHanbHe
BUKOPUCTAHHA MaTepiaibHUX pecypciB Ta
3MEeHLUEeHHS WKIAIMBUX BUKUAIB Y AOBKINNA.

O2na0 nimepamypu i nonepedHix
docnidkeHb. Y nonepesHix JOCNigKeHHsX [7]
Ha nigcTaBi ornagy nitepatypu 3a OCTaHHI Tpu
POKW BCTaHOBJEHO MepeBary BUKOPUCTaHHA
O030HHWX TEXHONOriIM ANA  POCANHHWULTBA.
Lli nepeBarn nosdratoTb y TOMYy, WO JatOTb
3MOry MiABULLUTM BPOXAMHICTb  KYNbTYPHUWX
pPOCAVH. EQEeKTUBHICTb O30HHMX TEXHOAOTIN
NOACHIOKOTLCA, Hacamnepea, GyHriLnAHUMY Ta
6aKkTepMUNAHUMIN BAACTUBOCTAMM O30HY, AKi
YMOXUIMBAKOHOTL MOCTYMNOBE 3MEHLLEHHS BUTPaTK
dyHriumais. NpoTe, O30HHI TEXHONOTIT MOXYTb
3aCTOCOBYBATMCA | B IHLUMX BUPOBHNUMX chepax,
Hanpuknag, y WKipAHi NPOMUCNOBOCTI, fKa Yy
Hall Yac 0cobaMBO rocTpo BiAYyBaE HarasbHy
noTpeby B iHHOBAL|iNHKX NiAXoAax, CNPAMOBaHNX
Ha NIABULEHHA KOHKYPEHTOCNPOMOXHOCTI
roTOBOI MPOAYKLiT Ta NOKPaLLEeHHA eKONOrIYHOT
cuTyauii.

BupobHMLTBO HaTypanbHOI WKipn noTpebye
BENNKOI KiNbKOCTI BOAW, O MPU3BOANTb A0
YTBOPEHHS 3HAUYHOro obCAry pigkux BiAXOAIB,
OCKIIbKM  CTIYHI BOAM NIANPUEMCTB ranysi
ckuaaroTbcs 6e3nocepesHbO Y HABKOJMLLIHE
cepegosuLLe. Bigkpute NOXOBaHHA
HEOUMLLEHMX CTIYHUX BOJ Yy MNpUpOAHe
cepefoBULLEe MNPU3BOAUTL A0 HaKOMWYEHHA
Pi3HUX 3aOpPYyAHIOKOUMX PEUYOBUH: BaXKUX
mMeTanis, aAybutenis, 6apBHUKIB, 3aBUCAUX
HeopraHiyHMX pe4yoBUH, bBioumais, Xupis Ta
IHWWX OTpyTOXiMiKaTiB. TakMm UMHOM, Ue
CTaHOBWTb NOTEHLiNHY Hebe3neky Ans AOBKiNNA
Ta 340pOB'A AOAVMHW. [OoCnifKeHHA rpynu
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IHAINCbKNX BUEHMX [8] NpUCBAYEHO CTBOPEHHIO
NOrAMGAEHOro  PO3YMIHHA  XapakTepucTuk,
cTpaTerin obpobkn Ta HOpMaTUBHOI 6a3n Ans
yNpaBAiHHA CTIYHUMW BOZaMM Y LUKIPAHIA
NPOMWUCNOBOCTI. Y  pobOTi  pO3rAsHYTO
Pi3HI TPaaWLInNHI  Pi3NKO-XiMIUHI TexHoAOoriT
(3piBHAHHSA, KOarynsuis Ta agcopbuis), nepesosi
niaxoan (OKMcHeHHA ®eHTOHa, O30HYBaHHA,
KaBiTalif), TepMokaTtanitTuyHa Ta 6HiosnoriyHa
06p0o6Ka, AOCTYMNHI ANS OUNLLLEHHS CTIYHMX BOA,
a TaKoX iX iHTerpaTusHi nigxoau (puc.1).

Y poboti [9] pocnigxeHo 6GionoriyHe
OUMLLLEHHA CTIYHMX BOJ LWKIPAHMX 3aBOAIB
(eTann npoBeAeHHA Bi4MOYYBaNbHO-30bHNX
npouecis, NnonepeAHbOro AybneHHs, AybaeHHA
Ta PiAVHHOrO 034061€eHHSA) i3 3aCTOCYyBaHHAM
OKWCHIOBa/IbHOI 06pO6KM 030HOM 3 HACTYMHUM
APYTVM  aepOobHMM  ouullieHHAM. Yepes
HaA3BMYAMHO MIHAUBY SKICTb HEOUULLIEHNX
CTIYHUX BOJA LWKIPAHUX 3aBOAIB 6ionorivny
nonepegHo 06pobky He Baanocsa ctabinisysatu
MOCTINHO, a HiTpMdiKaLia IHOAI NPUrHiYyBanacs.
OkucHtoBasbHa 06pobka MOMITHO MoKpaLLmuna
aepobHy  BiOpo3K/NafZHICTE  TyronaaBKuX
OpraHiYHMX CNOAYK | BUABMAACA ONTUMANbHOK
B Aiana3oHi NMTOMOI BUTpaTX 030HY 61M3bKO
2 1 O3/r TTIK (rpaHivyHa noTpeba y KMCHI) Ak
ANA NepioANYHUX eKCNepUMEHTIB, Tak i And
ymMoB 6e3nepepBHOI ekcnyaradii. binbLw Toro,
npw nojanbluiin aepobHin aerpagaLii Bganocs
BCTAHOBUTWU MOBHY HITpUdIKaLito i NOBHICTIO
BUAANTM aMiak, LLLO 3auLLmnBcA. igcymoByroun,
MOXHa KOHCTaTyBaT¥, WO KoMbiHOBaHe

OKWCHIOBaNbHO-6i0N10TIYHE OUMLLEHHA CTOKIB
nicna  MiArotoBUMx | AybuAbHMX npoLecis
BUABMAACA ePeKTUBHO, OCKiNbKM 3abe3neuye
AOTPUMAHHA  3alaHuX  JIMITIB FPaHUYHOI
notpebun y KWUCHI Ta amiaky npu MNpaMOMy
CKUAAHHI  UMX cnewjiasbHUX MNPOMUCAOBUX
CTIYHUX BOJ, Y PIUKMN.

Ana  3HUWXKEHHA CKUAaHHA  3abpyaHeHnX
NPOMUCAOBMX CTOKIB Ha OUYMCHWUX Criopyaax
nepeagbavatoTbCAd  YCTaHOBKM  MEPBUHHOrO
Ta BTOPUHHOro 6i0N0riYHOro ounleHHs. Ak
NPaBWAO, Lie 3HUXXYE OpPraHiYHe HaBaHTaXXeHHA
3 TOYKM 30pYy HIONOrIYHOTO CNOXKMBAHHA KUCHHO
(BCK), ane He 3HMXXYE LWIKIANNBE HAaBaHTaXXeHHSA
3 TOUKM 30pYy HeopraHi4yHMX coneu (3arasbHa
KiNIbKICTb  TBEPAUX PO3UMHEHUX PEYOBUH)
Ta KO/MbOPY CTIYHMX BOA. [NA BUKAOUEHHA
3a0pyAHEHHA MiA3eMHUX, MOBEPXHEBUX BOA
Ta BOAHUX AXKepen peryatooymmMn opraHamm
MPUHATO CyBOPI NPaBuia LLOAO BMPOBaJXKEHHS
HY/IbOBOrO CKUAAHHSA PiAVHW A58 MPOMUCNOBUX
CTIYHUMX BOA — pekynepaLii BOAM i3 CTIYHUX BOJ,
Ta MOBTOPHOTO ii BUKOPUCTaHHA. besnocepeaHbo
BMJy4YaTW BOAY i3 CTIYHMX BOJ BTOPMHHOrO
OYULLLEHHA CKNAAHO 4Yepe3 HeBIAMOBIAHICTb
BMMOram A0 rnogadi 3BOPOTHOro 0CcMocy. ToMy
AN 3alOBOJIEHHA LMX BMMOT anpobyroTbcs
PI3HOMaHITHI MeTOoAW TPETUHHOI 06pOobKM.
Tak, iHLWOM rpynoto iHAIMCbKNX BYeHUX [10]
BMBYEHO MOX/MBICTb BWAANEHHA KOJbOPY
yepe3 3a/uUWKOBI HapBHMKK aAna 0b6pobKM
LLKIPW 3@ 4ONOMOrOH0 O30HY. TakOX AOCAIAXKEHO
BNAMB pH Ta KOHUeHTpauii 6apBHMKaA Ha MOro

obpobxa
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Puc. 1. CmiyHi e00u wkipaHozo0 3aeody: 8idkpuma ymunizayia ma oyuujeHHs [8]
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3HebapBeHHs. B pe3ynbTaTi npoBeseHOi poboTn
BCTAaHOB/IEHO, LLIO MaKCUMaibHa epeKTMBHICTb
3HebapBneHHA fJo0 97 % pocAraetbca npw
3HaueHHAx pH 4, 7, 9, 11 Ta KoHUeHTpauii
6apsHuKa nopsaaky 30, 65, 180 ta 360 mr/n.

Mpwn AocnigkKeHHi 030HYBaHHS, AK eKONOTYHO
yMcToro Metoay BiabintoBaHHsA [11], TypeubkmMm
BYEHMMW Oyno BUBYEHO 3HebapBEHHSA
WKipAHUX BMpPOb6iB. ABTOPM BU3Ha4yanu BrIvB
Ha edekT 3HebapBAEHHS TaKMX UMHHUKIB fK
TPVBaniCTb 030HYyBaHHA (Big 3 A0 30 XBUAMH)
Ta BogonoranHaHHa (Biga 0 go 100 %). 3 uieto
METOH MPOBOAMAM BUMIPIOBAHHA KONbOPY Ta
BMMPOOYBaHHA MILHOCTI LUKipY Ha pPO3pwB,
BM3Hayaroun CTPYKTYpPHIi 3MiHM 3pas3kiB 3a
AOMOMOrOK0  CKaHYyHUOro  en1eKTPOHHOro
MiKpocKkona Ta iHppayepBOHOI CNeKTPOCKonii
3 nepeTtBopeHHAM Pyp’e nicna npouecy
030HYBaHHSA. Pe3ynbTaT BUMIPHOBaHHSA KObOPY
nokasanau, Wo ONTUMalbHUMW NapameTpamm
ANA OTPMMAaHHA  MakKcuManbHoro edekty
3HebapBeHHs € 30 XBUANH O30HYBaHHSA Ta 60
% BogonoranHaHHa. Ha CEM-306paxkeHHsAxX
030HOBaHOI LWKipy 6yno BUABNEHO Jeski
Aedbopmalii  KONareHoBMX  BOJIOKOH,  LWO
NPV3BENO A0 HEBENNKOTO 3HUXEHHA MiLHOCTI
WKipN Ha po3puB. MpoTe, 3HNXKEHHA 3HaUYeHb
LbOro MoKa3HMKa 3HaXo0ANI0Ch Ha CTaTUCTUYHO
3HaYMMOMY PiBHI.

HaBeseHWI BuLLe maTepian CcTaB NiArpPyHTAM
AR HOBOrO MOLWYKYy Ta cuctematmsaii
iHpopMmaLlii i3 3aCTOCyBaHHA O30HHWX TEXHONOT I
y LWKIpAHOMY BWPOGHMUTBI 3 TuM, LWOH
HabyTi 3HaHHA y NoganblloMy MOXHa byno 6
BMKOPWUCTATW ANSA YAOCKOHANEHHS TEeXHOAOrIN
BMPOOHMLITBA HaTypaabHOI LIKipW, MOCUAEHHSA
X ekonoriyHoro imnepatuay. [pu LIbOMY TakoX
PO3rNAfanncCh AOCNIIKEHHA 13 3aCTOCYBaHHA
O30HHWX TEXHOJIOTIN 1 B IHLIWX rany3ax 3a yMOBW
TPaHCNOPTYBaHHA Ofep>XXaHWX pe3yabTaTiB B
LKipsiHE BUPOOHNLTBO.

Pe3ynemamu 0ocnid>keHo Ui 062080peHHs.
3acTocyBaHHA O30HYBaHHA ANA OUMLLEHHA
CTIYHMX BOA,. HeounLeHi CTiYHI BOAM LWIKIPAHNX
NIANPUEMCTB MICTATb CKAAAHI OpraHiyHi Ta
HeOopraHiYHi CMONyKK, WO HeraTMBHO BMAMBAE
Ha NPUPOAHI NOBEpPXHeBi Ta MiA3eMHI BOAHI
ob'ektn. Lle Takox BnivMBae Ha ¢nopy Ta
dayHy ekocuctemu Ta 36iiblUye puU3MK ANA
340POB'A NHOANHY, BUKAUKAKOUN BeANYE3HY
notpeby B ePeKTUBHIN CUCTEMI OUUNLLEHHS,
fka Morna 6 epekTMBHO OuUMLLATK CTIYHI BOAM
WKIPAHWX 3aBOAIB BiAMOBIAHO A0 6axkaHuXx
CTaHAapTIB yTuAi3aLii. Y40CKoHaneHi npouecu
OKWCHEHHS LWAAXOM O30HYBaHHA CTaln OAHIED
3 NepPCNeKTUBHUX TEXHOOTIN, WO AO3BO/AOTH
0bpobAATU  CKNaZHI CMOAYyKWM, MNPUCYTHI B
NPOMCTOKaXx LWKipAHWX 3aBogis [12].
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3acTocyBaHHA O30HYBaHHA A5 OUMLLEHHA
CTIYHMX BOA nNicAA NIATOTOBYMX MpPOLLEeCIB.
CTiuHi BOAM LIKIPAHMX NiANPUEMCTB, 0COHMBO
BIAMOUYBa/NbHO-30/1bHOTO  LieXy, € JyXe
WKIANMBUMM A8 HABKONULLHBOIO CEpesoBMLLa,
OCKIIbKM  BMIlLYIOTb PSS PEYOBUH, WO €
6I0NIOMNYHO  HEPO3UMHHUMU | TOKCUYHUMM
AN MelUKaHLiB BOAOWM. [lo Takux, B neplly
yepry, BIAHOCATbCA MNPOAYKTU PO3UYUHEHHSA
KepaTuHy BOJIOCY | enigepMicy, LWKIpAHWA Ta
BaMHAHMA WNaM. Y CTaTTi TYHICbKMUX BYEHUX
[13] onucyeTbca 3acTOoCyBaHHA O30HY ANA
0bpobKM CTIUHMX BOZ MiCAA  MiATOTOBYUX
npoueciB. OKUCHEHHA fAK cyabdiagis, TaK i
OpraHiyHMX CNoayK AOCNIAXEHO Ta 3aCTOCOBAHO
AO BUCOKOKOHLEHTPOBAHMUX JNIY>KHUX CTOKIB.
O30HyBaHHA BUABNAETBCA edeKTUBHUM ANA
MOBHOTO OKWUCHEHHA CynbdifiB, MPUCYTHIX Y
LMX CTIYHUX BoAax. [JaHe AOCNiAXKEHHS NOKA3YE,
O ANs OKMCHEHHS 1 T cynbdigy HeobxiaHo 3,5
r o30Hy. EdexktnsHicTb Bnaney Ha TIK anwe
0b6pobKM 030HOM OLiHIETLCA B 16 %, KoM
CTiYHI BOAM 0BPO6AAKOTBCA MPU BUXIZHOMY
pH (pH=12,9), a cniBBigHOWEHHA HioXiMiUHOI
noTpebu B KNCHI A0 rPaHNYHOI NOTPebn y KUCHI
(BCK5 / TTIK) y cTiyHMX BOAAX, O30HOBAHMX
npoTaroM 2 roauH, 36inbwyetbca 3 0,22 go
0,36, Wo BKa3ye Ha Te, WO CTiYHI BOAW CTatoThb
6ioposknagHMn. EdekTVBHICTb O30HYBaHHA
3anexutb Big pH. CytreBe 3HMxeHHa [TIK
(55 %) pocaraeTbca 3a onTuManbHoro pH=8.
[opaBaHHA nepekncy BOAHIO AK OKWUCHHOBAY
NiABMLLYE ePEeKTUBHICTb O30HOBOI OBPOOKMN.
BuganenHa [TIK 36inbwyetbca 3 16 % npwu
BMKOPWUCTaHHI Anwe 030HYy Ao 64 % nicha 1
roAMHN O30HYBaHHA MEPEeKNCOM BOAHIO Y
KinbkocTi 8 Ma Ha 1 1 CTiYHMX BOA doTauiiHOro
BamnHyBaHHSA.

YTunizayis ocagy € OAHIEHD 3 OCHOBHUX
npobsnem, 3 AKMMU CTUKAETbCA LIKipAHa
npoMuncaoBicTb  IHAIT.  OcTaHHIMK  pokamu
ocobavBy yBary npUAINAETbCA  MiHiMi3aLil
YTBOPEHHA 0Cajy B MNpoueCi OYULLEHHS
CTIYHMX BOA. Ha AaHWIM Yac KOXEeH LUKipAHWIA
3aBOJ, KpaiHu BuTpayae 6amsbko 700-750
pynin 3a BuBe3eHHA 1 T ocagy Ha NOAIrOHW, WO
OXOPOHATbCA. AHaepobHe 36poa>KyBaHHA
— OAWH 3 BapiaHTIB OTpMMaHHA bHiorasy
3 MEepBUMHHOrO Ta BTOPWUHHOIO My/ay Ta
3MeHLeHHA obcary ocagy. Wo6 3pobutm
aHaepobHe 36poaxxyBaHHA edeKTUBHILINM,
nonepeaHsa obpobka ocagy nepes aHaepPoOLbHUM
36pOA>KYBaHHAM € OCTaHHIM TEXHONOTIYHUM
AOCATHEHHAM, WO BUKOPWUCTOBYETbCA  ANSA
NPUCKOPEHHS LBWUAKOCTI npouecy rigponisy. MMig
yac gocnigxkeHHs [14] ouiHtoBanu pi3Hi npolecu
nonepesHboi 06pO6KK, TaKi IK O30HYBaHHS,
obpobka YNbTPa3BYKOM, nepekmcom
BOAHIO, /Iy>KHa | Ny>XXHa TepmiuyHa ob6pobka,
WoAo 36isbleHHA NOoTpebu B PO3UYMHHOMY



HAYKOBWIM MOLLYK

XIMIYHOMY KWCHI OKpPeMO B MEPBUHHOMY |
BTOPUHHOMY OCaji, O YTBOPIETbCA Mpu
OUMLLLEHHI CTIYHUX BOJ LWKIPAHUX 3aBOAIB. 3
pe3ynbTaTiB, OTPUMAHUX Yy XOA4I AOCAIAKEHHS,
6yn0 3a3HayYeHo, WO 36iNblEHHS PO3YMHHOI
rpaHMyHOi notpebu B kucHi (PITIK) npwm
pi3HMX nonepeaHix obpobkax BigbyBanoca B
HaCTyNHOMY MOPAAKY: O30HYBaHHA > Jy>XHa
TepMiyHa obpobka > 0bpobka yabTpa3zByKOM >
Ny>kHa 06pobka > nepeknc BOAHHO. 36i/1bLLEHHS
cniseigHoweHHa PITIK ta TTIK 3a paxyHok
nonepesHbOi 06pobkn Byno epekTMBHUM ANd
BTOPWHHOIO MyJy, a He 414 MePBUHHOIO Myy.

Y poboti [15] pochigxyBanu  BNAYB
TEXHONOTIYHMX NapameTpiB  (TemnepaTypa,
TPUBaNiCTb, A03yBaHHA cynbdigy HaTpito

Ta KkapboHaTy Kanbuito) Ha edeKTUBHICTb
BMAANEHHA BOJOCCA 3 6HMuyauyoi WwKypn 3a
A,OMOMOrOK HOBOFO 3HEBOJIOLLYHOYOrO 3acoby
Y BUrNAA4] CycneH3ii, BATOTOBAEHOI 3i CTIYHWX BO,
HadTONEepepobHoro 3aBoay «Merox».

3a aHanoriyHMx yMOB ekcnJjyaTauii Ta
A03yBaHHA XiMiKaTiB HOBWMW 3acib nokasas
6inblw BUCOKY edpekTUBHICTL (98,6 %), HixX
TPaAVILIMHUN, OAEep>KaHWUM Ha BOAHIN OCHOBI
(67,3 %), WO BKa3ye Ha WBUALY KIHETUKY
BMAANEHHA BONOCCA HOBUM 3acobom. Kpim Toro,
TaKOX CMOCTepiranocs NpUNHATHE HabyxaHHS
(48 %) Ta BIgMNOBIAHI MeXaHIUYHI BAACTMBOCTI
roanHu. Taka cTpaTteria AO3BONIUTbL 3a0LWaANTU
Big 50 no 67 % TokcuMuHmx ximikaTie i 100 %

Crivml nogn mpsoay «Meroxs

CMO>XMBaHHA BOAM Nif Yac 3HEBONOLLYBaHHA (Le
ekBiBasieHTHO 34 ponapam CLUA 3a 1 T wkyp),
WO Npwu3Bese A0 HYJIbOBUX BUKUAIB 3 YCTAHOBKM
Merox. BukopuctaHHs 3acoby Ha OCHOBI CTIUHMX
BOJ, MPOTArOM TPbOX MNOCAIAOBHUX 3anyckiB
6yno nNOB'A3aHO 3i 3HAYHMM  3HUXKEHHAM
HasaHTaxxeHHA [TIK (55,6 kr/T wkyp) Ta BCK
(11,6 xr/T wkyp). 3HeBONOLWYIOYI 3acobM Ha
OCHOBI CTIYHWUX BOZ, Ta 3BMYaHOI NPiCHOT BOAM
[0 Ta nicns BUAANEHHs Boaoccs obpobasanu
030HOM Yy MOMIpHUX ymMoBax. Pesynbtatn Pyp'e-
CNeKTpocKonii Mnokasaau, Wo BUCOKOAKICHA
Ta Hegopora LKipa BWrpae BiA iHTerpaii
YCTaHOBOK OUMLLEHHA CTIYHUX BOZ 060X ranysem
eKoiIoriuHo 6e3neyHmnm cnocobom [15].

3acTocyBaHHA O30HYBaHHA AN OUULLLEHHA
CTIYHMX BOA, WO MICTATb CMOAYKU XPOMY,
deHonm i TaHiHK. Lle oaHUM Hebe3neyHuM
Akepenom  3abpyAaHEHHA  HaBKOJIMLIHbOTO
cepefoBuLla € PEHONbHI CNOAYKW, CMNONYKM
XPOMY Ta POCAVHHI AybuTeni, Lo NoTpanasatoTh
y CTi4YHi BOAW, TONOBHMM YMHOM MiCAS
npoBefeHHA AyOuabHUX Ta MNicnagyb6inbHMX
npoueciB. He BUKIHOYEHHAM € 3HaXOAXKEHHS
LMX CMOAYK | Y MICBKMX CTiYHUX Bogax. Y
CNiNbHIN Npayi BYeHux 3 peuii Ta LBenuapii
[16] BMBYEHO NOBeAIHKY TPUBANEHTHOIO XPOMY
NpPW 030HYBaHHI HAZOUNLLEHOT BOAM Ta CTIYHNX
BOJ. EkcnepuMeHTanbHO BCTaHOBJ/IEHO, LWO B
YNbTPAUNUCTIN BOAI, 3abydepeHin dochatom,
Hag/MLWoK anwe ogHoro O3 6yB HeedeKTUBHUM
ana okuncHeHHsa Cr(lll) (Bcboro 6am3bko 10-
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15 % Big 3arafbHOro BMICTy TPUBAJEHTHOIO
XpOMy), TOAI AK B MPWCYTHOCTI BTOPMHHOrO
OKWUCHIOBaYa y Burasai paaukany OH marixe
BECb TPMBANEHTHMA XPOM OKWCHIOBaBCA A0
LEeCTUBANEHTHOIO XPOMY. Y CTiYHMX BOAAX
3 pgogasaHHam Cr(lll) nvwe 6am3bko 10-20
% Cr(lll) okmcHroBanocCca NeBHUMMU AO3aMU
030Hy B giana3oHi 0,15-1,5 r O3/r ITIK, xoua
pagukaanm O3 i OH 6yanm pocTynHi peakuii.
YtBOpeHHsa Cr(VI) KoHTpotoBanoca napanesbHO
3i 3MEHLIEeHHAM BUKUAIB AeAKUX MOLIMPEHNX
Mikpo3abpyaHIOBaYiB, AKi pearytoTb 3 Pi3HUMU
YABHVMMM KOHCTaHTaMW LWBUAKOCTI APYroro
NopsAAKY 3 O30HOM, O 3MEHLUYHTbCA Y TaKil
NocniZ0BHOCTI: KapbamaszeniH >> 6eH30Tpmazon
> aTpa3uH > n-xnopbeH3oriHa kucaota. Bmict
kapbamazeniHy Ta 6eH30TprasoNy 3HUXKyBaBCA
80 > 80 % 3a koHkpeTHMx ao3 0,3 r O3/r MK
1a 0,8 r O3/r ITIK BignoBigHo. binbl CTiViki 40
Ail 030HY aTpasuH Ta N-x10pbeH30MHa KMCAoTa
BMMaraau neBHOI 03K 030HY (6am3bko 1,25
O3/r ITIK) ans Takoro > BiJHOCHOrO 3HUXXEHHS
BUKMAIB. MNPy i KOHKPETHIN J03i 030HY AnLle
6am3bko 20 % Cr(lll) okucHioBanocb ao Cr(Vl),
Tosi Ak avwe 10 % Cr(lll) okncHroBanocb Ao
Cr(VI) 3a Buwoi Temnepatypu. PeasbHa nntoma
£,03a 030HY AN NOCUAEHOrO OUMLLEHHA CTIYHMX
BOZ Bij Mikpo3abpyaHtoBayiB ctaHoBuna 0,5 1
O3/r ITIK. TaknuM YMHOM, ANA TUNOBUX PIBHIB
Cr(lll) y MiCbkMX CTIYHUX BOAAX O30HYBaHHA
CTIYHUX BOZA MPU3BOAUTb AO TOKCMKONOFIYHO
He3Ha4YyHMX KoHueHTpauin Cr(VI).

AnkindeHonun Ta nonietokcuaaTn
ankindeHonis € AOCTaTHbO HOBMMW
Hebe3neyHnMK 3abpyaHIOBaYaMK, 30KpPeEMa,
yepes HUX NOPYLUYETbCS poboTa eHAOKPUHHOI
cuctemu. Li cnonykm noxogats i3 CNOXMBYNX
TOBapiB, Takmx Ak Gapbu Ta natekcHi dapbn,
KAei, YOPHWNO, NeCTULMNAHI CKIaAn, nNanepoBa
NPOMMWC/OBICTb, TeKCTUAbHA Ta  LWKIpAHa
NPOMWCAOBICTb, XiMIKaTW  Ans  BUAOOYTKY
HadTW, piAVHN Ana MeTanoobpobku, 3acobu
0CobuCTOl TirieHn, mutoui 3acobu. OcKinbku
KNaCMYHI METOAN OYMLLEHHS CTIYHUX BOA He
Npu3HayeHi ANA BUAANEHHA ankinpeHonis, Ui
CNONyKW 3abpyaHIOKTE eKocuctemun. Y pobori
[17] aBTOpPW PO3rAAHYAN TPU NepesoBi METOAM
BUAANEHHA ankindeHonis Ta X MOXIAHWX.
Mo-neplwe, iHHOBALiMHI noniMepn, Taki AK
noniMepu UMKAOAEKCTPUHY Ta nojimepn 3
MONEKYNASAPHUMMN  BiABUTKaMK, [03BONAOTH
BUAANATN  ankindeHoNM 3i  CTIYHUX BOA
wnsxoM agcopbuii. Mo-apyre, 6ioTexHonorii,
Taki, Wo nepesbayaroTb  BUKOPUCTAHHSA
MIKPOBOZOPOCTEN, BiOpO3KNaZaHHA Ha LUTYUYHUX
BOAHO-OONOTHUX  yriaaax Ta  MNOCAIAOBHE
aHaepobHo-aepobHe TpaBaeHHsA. [lo-TpeTe,
nepesoBi NPOLECcH OKUCHEHHSA AN PO3KAajaHHA
HenojatAnBuX  ankindeHonis, Hanpuknag,
NOEAHAHHA O30H-BYr/ieLUb, €eNeKTPOXiMiUuHe
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po3KnafaHHsA, dotokaranis, NOEAHaHHA
nepcynbdaTy, akTMBOBaHOTO HyJib-BaJ€HTHUM
3aNi30M, | KaTaniTUYHOro 030HyBaHHA. OaunH 3
HalKpalymx pe3ynbTaTiB CnocTepiraBca y pasi
3aCTOCYyBaHHA OCTaHHbOTO METOZAY.

Po3knagaHHAa deHony y BOAHOMY PO3YMHI

AOCnifXyBanu [18] B IHTerpoBaHOMy
npoueci, Wo cKknagaerbca 3 cuctemmn O3/
Ca(OH)2 n po3pobneHoro  HewoAaBHO

MikpobynbballkoBoro razopignHHOro
peakTopa. [lna BCTaHOB/EHHA epeKTUBHOCTI
O30HYBaHHSA LbOro Npouecy BUBYEHO BMAVB
Ha po3K/aaAaHHA Ta MiHepani3auito (BMAaNEeHHSA
TOC) Takmx pobounx napameTpiB, fK J03yBaHHA
Ca(OH)2, Tuck y peaktopi, TemnepaTypa piaKoi
da3n, nouyatkoBa KOHUeHTpauia deHony Ta
KOHLEHTpaLia 030Hy Ha Bxogi. [MokasaHo, wo
ePeKTMBHICTb po3knasaHHA Ta BuganeHHa TOC
36iNbLIYETHCA 3 MIABULLEHHAM KOHLEeHTpaLil
030Hy Ha BXxogi Ta po3yBaHHA Ca(OH)2 po
2 r/n, a TaKkoX i3 3MeHLUeHHAM MOo4YaTKOBOI
KOHUeHTpauii deHony. OnTumanbHe A03yBaHHA
Ca(OH)2 mae nepeBuLyBaTU PO3YMHHICTb
Ca(OH)2 y pigkin ¢asi. Tuck y peakTopi i
Temnepartypa pigkoi ¢a3n Mano BNANBaOTb Ha
edekTnBHICTb BUAaneHHs TOC. Koan fo3yBaHHA
Ca(OH)2 nepeBuwye 3 r/n, perpagauia Ta
BuganeHHa TOC deHony NpakTUYHO AOCAratoThb
100 % 3a 30 ta 55 xB BignoBigHO. MexaHi3m
IHTeHcMikaLii O30HYyBaHHA 3a JOMOMOrOH
Ca(OH)2 pgocnia>keHo WAAXOM aHali3y pevyoBuH,
wo Bunmaanm B ocaa. MexaHi3aMm nocuaeHoil
miHepaniszauii Ca(OH)2 deHonbHOro po3unHy
Nonsira€E B OAHOYACHOMY BWAANEHHI I[OHIB
CO32-, ak noravHavie paaukanie OH, 3a
paxyHOK NpuCyTHOCTI ioHiB Ca2+. Taknm YnHOM,
pe3ynbTaTy eKCNepuMeHTy nokKasaau, LWo
NPOMOHOBAHMWI HOBWI IHTErPOBaHWIA MPOLLeC €
BMCOKOEDEKTUBHUM NPOLECOM O30HYBaHHSA ANA
OUMLLEHHSA CTIYHUX BOJ, Bif, CTIKUX OpraHiuHmnX
pPEeYOBUH.

Y  wkipAsHOMy  BUPOOHMUTBI
POCNMHHOrO Ayb6neHHs 3iMCHIOETbCS
ANA  BUIOTOBJIEHHA TOBCTOI  WKIpW, fKa
BMKOPWUCTOBYETbCA AN BUTOTOBJIEHHA B3YTTA,
Bani3 Ta ramaHuis. CTiuHi BOAK nicaa npouecy
pocavHHoro aybneHHs (VTW) mictaTb ay6unbHi
PeYOoBMHM, AKi € NONIPEHONBHUMM Ta CTINKUMMW.
MpUCYTHICTb TaHIHIB Y CTIYHMX Bogax nicaa VTW
HeraTMBHO BMJIMBA€E Ha aepOOHe OUMLLEHHS.
Buxoasum 3 uboro, pocniaxeHHs [19] 6yno
30cepesykeHo Ha npoLecax okMcHeHHA PeHToHa
(FO), o3oHyBaHHI (OZ) Ta OknUCHeHHiI PeHTOHa
3 noganbwmMm o030HyBaHHAM (FO+0Z), sk
nonepegHto 06pobky ana VTW. OntnumizoBaHe
cniBBigHoweHHa H202/TTIK ans FO cknano 1,25,
a TPMBaNICTb KOHTAKTY MPU 030HYBaHHi 6yno0
ontumizoBaHo Ao 30 xBUAMH. BuasneHo, wWwo
MaKCMMasbHe BUAANEHHSA AYOUNBHUX PEYOBUH,

npouec
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O CMOCTepIraeTbCa ANA KOXHOI nonepegHboi
0bpobku, cknano 49,5, 27 i 74,6 % pgna FO, OZ
Ta FO+0OZ BignosigHo. [lna nigTBEpA>KEHHA
po3nagy TaHIHIB MiCAA KOXHOI nonepeaHboil
06pobkn  npoBoauan  I14-cnekTpockoniyHi
AOCNIAXKEHHA Ta  €NeKTPOpPO3NUAOBaibHY
iOHI3aLit0 — Mac-CNeKTPOCKOMIYHUIA aHani3.
Micna nonepeaHboi 06pobKM 3pa3ku Nigsasanm
aepobHin 0b6pobLi, edpekTMBHICTL npouecy
OL|iHIOBaIM 3a NOKa3HMKaMU XiMiYHOI NoTpebun
B KMCHI Ta 6ioxiMiuyHOT NnoTpebu B KncHi. EpexT
nonepesHboi 06pobkm nepes 6HionoriyHow
06p0o6KOIO OLiHKOBaNM 3@ OMOMOIOH KiIHETUKM
Monod. KiHeTM4Hi napameTpu Ta OLjiHKa
BapPTOCTi KOXHOI nonepeAHboi 06pobkun Hyam
AOKNAAHO MOACHEHI B PyKOMMUCY.

3HUXKEHHS 3arpo3n 3abpyAHEHHA CTIYHUX

BoA 6apBHWKamu. 3arpo3a 3abpygHeHHs
H6apBHMKAMW  OCTAaHHIM  4YacoMm  jocsArna
HenepeBepLUEHOr0  aHOMaJbHOTO  CTaHy

yepe3 IXHE MacoBe CMOXWMBAHHA Ha HU3LI
NIANPUEMCTB, BKIHOYAOUN TEKCTUIBHY, LLKIPAHY,
KOCMEeTWYHY, nJjacTMacoBy Ta nanepoBy
npomucaoBicTb. B ornsagi [20] ocHoBHa yBara
NPUAINAETLCA IHTerpauii pi3HUX nepesoBumX
npouecie okncHeHHsA (MMO), Takmx aK PeHTOH,
doTokaTaniz Ta 030HyBaHHA, 3 6iopo3kaaf0oM
Ans 0bpobKM  TeKCTUNbHUX a306apBHUKIB,
AKI  3HAWLWAW 3aCTOCYBaHHA | Yy LWKIPAHIN
npomucaoBocTi. OCTaHHIM YacoM AOCAIAHUKM
BMBYAIOTb TaKy IHTErpaLiito 3 MeTO 3HUXKEHHSA
BUTPaT Ha 06pobKy Ta MiABULLEHHA CTyneHA
MiHepani3aLii OUNLLEHNX CTIYHUX BOA BapBHMKIB.
ABTOpamu po3riajatoTbCa OCHOBHI MexXaHi3Mu,
BM/MB Pi3HMX NapaMeTpiB NpoLiecy, pesyibTaTtu
OCTaHHiX pobiT Ta ManbyTHi HanpaMKwu
AOCNIAKEHb. YCi Tpyu npouecu HesanexHo
OAVH Bif, OAHOIO NMPOAEMOHCTPYBaNN 3HaUYHe
3HWXKEHHA KoNbopy Ha 54-100 %. ABTOHOMHWIA
npouec O030HYBaHHA MOCAILOBHO MOKa3aBs
Hambinbw edekTnBHe 3HebapBnaeHHA (88-
100 %) y BCiX PO3rAAHYTUX AOCAIAXKEHHAX.
Hasnakwn, Bci Tpu MIMO He3anexHO oawnH Bij
oAHoro 3abesnevyBann pi3He Ta HeaZekBaTHe
3HMXeHHA [TIK y aianasoni 16-80 %. MMO
nicna iHTerpauii 3 6iopo3knagomMm npusBeau
[0 A0AaTKOBOro 3HmXeHHs (Ha 11-70%)
piBHiB [TIK Ta (Ha 16-80 %) pisHiB TOC. Kpim
Toro, iHTerpauis MMO 3 6iopo3knagom Moxe
3HAYHO 3HM3UTU BUTPATU Ha NikyBaHHA. B
OrNAAl NPOMOHYTLCA NOoAaNbLi AOCAIAHULLBKI
3yCUNNA Y HAaNPAMKY CEKBEHYBaHHA XIMIYHUX Ta
6ioNoriyHMX LWNAXiB, WOO IXHE CMHepreTuyHe
BMKOPUCTaHHA  MPU3BOAWAO O  MOBHOI
AeToKCuKaLii TeKCTUAbHUX a306apBHUKIB Y
BENNKMX MacLuTabax.

BuaaneHHto WwkigamBmx 6GapBHUKIB LLKIPAHOT
NPOMMUCAOBOCTI i3 CTIYHMX BOA 3 BUKOPUCTAHHAM
Pi3HMX MiAXOAIB, fKi NepesbayatoTb O30HYBaHHS,

npuceaYeHa Lwe uina Hu3ka pobit [21-25]. Bci
BOHW CMpsIMOBaHI Ha MIABULLEHHA iHAEKCY
6iopo3k1aZHOCTI MPOMMCAOBUX CTOKIB.

3acTocyBaHHA O30HYBaHHA Yy BUIOTOBJEHHI
3amwi. OgHMM i3 BWAIB HaTypaibHOI LUKIpK
€ 3aMLla, Ky BUTOTOB/AIOTb 3i LUKYP OJEHIB,
nocie, oBeub abo TenAT BeAUKOI poraToi
XyAobu  waAxom  XupoBoro  aybneHHs.
Ana  uboro LWKypu NPOCOYYHOTb AErporo
— OKMCHEHUM  >XXWPOM MOPCbKUX TBapUVH
y Kinbka eTaniB, MOKW BOHa He Habyge
M'AKOCTi, 6apXaTUCTOCTi, BOAOHENPOHUKHOCTI
Ta nopucTocTi. BukopucTtoBytoTb  3amuly
AN BUTOTOB/NIEHHA B3YTTA, ranaHTeperHuX
BMPOGIB, 0OAAry Ta 3 TEXHIYHOK METOH
(Hanpuknag, ana waidyBaHHA ONTUYHOTO CKAa)
[26]. TOCTINHMI MOMWT Ha 3aMLy BigKPVBaE
HOBI MOXMBOCTI AnA 6i3Hecy B LUKIPAHIN
MPOMUCNOBOCTI. TpMBaAuUM Yac OKMCHEHHS,
HeobXiAHNIN ANA LWKIPU XXMPOBOTO AyONeHHS, i
TpaauLinHi MmeToan o6pobkun Byan ceprosHUM
obMeXXeHHAM Ans MaclwTabHoro BUpobHMLTBa
3aMLui, xouya ii BUpoHbHNLUTBO 3abe3neuye HinbLu
BMCOKWI MNPUOYTOK MOPIBHAHO 3i 3BMYAWHO
obpobneHoro wkipoto. Buxoasum 3 uporo, y
poborTi [27] 3ailCHeHO cNpoby 030HYBaHHA, AK
3acoby NPMCKOPEHOro OKUCHEHHS. Mpun LboMy
6yan 3agisHi ABa NiAXOAN, 30KPeEMa, JOKNALHO
BMBYEHO O30HYBaHHA OJii Ta MOCTO30HYBaHHSA
NpomaLLeHnX LWKip. Pe3yabTat ekcnepumMeHTy
nmokasananW, WO O30HyBaHHA 06pobneHmx
030HOBAaHOI ONI€0 LWKIp Ao3BoAA€E y Harato
pasiB CKOPOTUTK Yac BUrOTOBEHHS 3aMLui 6e3
6yb-AKOro NoripweHHs AKOCTI LKipW.

BucHoeku. 3a pesynbTaTamu  aHanisy
HayKOBO-TEXHIYHOI NiTepaTypn BCTaHOBIEHO
[Ba OCHOBHI HanpAMK 3aCTOCYBaHHA O30HY Y
LIKIPAHIM NPOMMCIOBOCTI, CNPAMOBAaHI Ha BinbLu
palioHasibHe BWKOPUCTaHHA MaTepianbHUX
pecypciB Ta NOKpaLLeHHA eKONOriYHOro cTaHy
Ha nignpuemcTeax ranysi:

1. HagaHHs neBHWUX BNacTMBOCTENW MaTepianam;

2. 3MeHLUeHHA KOHLeHTpauii LWKianMBUX
PEYOBUWH Y MPOMUCIOBMX CTOKAX.

Opep>kaHy iHpopMmaLiito NnJaHyeTbCA
BMKOPWUCTATN Y NOAANBLUNX JOCAIAKEHHAX.

IM N23, 2024 / 47



HAYKOBWIM MOLLYK

Cnucok nimepamypHux O>kepen

1. Emmanuel |. Epelle, Andrew Macfarlane,
Michael Cusack, Anthony Burns, et al. (2023).
Ozone application in different industries: A review
of recent developments. Chemical Engineering
Journal, 454(4), p. 140188. DOI. 10.1016/j.
cej.2022.140188

2. O30H Ta 030HyBaHHA: MoHorpadis / YekmaH
I. C., Cnposa A. O., Makapos B. A, Ta iH. (2013).
X.: Unoposa gpykapHa No1, 144 c.

3. Benton Otieno, Seth Apollo, John Kabuba,
et al. (2019). Ozonolysis Post-Treatment of
Anaerobically Digested Distillery Wastewater
Effluent. and Engineering, 41(6). pp. 551-561.
DOI. 10.1080/01919512.2019.1593818

4. Qiushi Zhu, Wei Yao, Haibo Ye, et al. (2019).
The Function of Surface Hydroxyl Groups of
Incorporated Alumina on Catalytic Ozonation
of Heavy Oil Produced Water. Ozone: Science
and Engineering, 41(6), pp. 521-530. DOI.
10.1080/01919512.2019.1580561

5. F.J. Beltran & A. Rey. (2018). Free Radical and
Direct Ozone Reaction Competition to Remove
Priority and Pharmaceutical Water Contaminants
with Single and Hydrogen Peroxide Ozonation
Systems. Ozone: Science and Engineering, 40(4),
pp. 251-265. DOI.10.1080/01919512.2018.1431
521

6. Jono Suhartono & Chedly Tizaoui. (2018).
Ozone Cleaning of Fouled Poly(Vinylidene)
Fluoride/Carbon Nanotube Membranes. Ozone:
Science and Engineering, 40(1), pp. 64-75. DOI.1
0.1080/01919512.2017.1345618

7. Wepbatiok TetaHa, AHapeeBa Onbra.
(2023). 3acTtocyBaHHSfi O30HHWX TEXHOJOrIN
Y  POCAMHHWMUTBI.  BicHUK  XMeabHMULbKOro
HaLiOHaNbHOrO yHiBepcuTeTy. TeXHiYHi Hayku,
Tom 1, N25(325), C. 258-262. DOI. 10.31891/2307-
5732-2023-325-5-258-262

8. Nigam, M., Mishra, P, Kumar, P., et al.
Comprehensive technological assessment for
different treatment methods of leather tannery
wastewater. (2023). Environ Sci Pollut Res, 30,
pp. 124686-124703. DOI. 10.1007/s11356-022-
21259-x

9. Jochimsen, J. C; Schenk, H; Jekel, M. R. (1997).
Combined oxidative and biological treatment for
separated streams of tannery wastewater. Water
science and technology, 36(2-3). pp. 209-216.
DOI. 10.1016/S0273-1223(97)00389-2

48 / IM N23, 2024

References

1. Emmanuel I. Epelle, Andrew Macfarlane,
Michael Cusack, Anthony Burns, et al. (2023).
Ozone application in different industries: A review
of recent developments. Chemical Engineering
Journal, 454(4), p. 140188. DOI. 10.1016/j.
cej.2022.140188

2. Ozon ta ozonuvannia: Monohrafiia /
Chekman I. S., Syrova A. O., Makarov V. A, ta in.
(2013). Kh.: Tsyfrova drukarnia No1, 144 s.

3. Benton Otieno, Seth Apollo, John Kabuba,
et al. (2019). Ozonolysis Post-Treatment of
Anaerobically Digested Distillery Wastewater
Effluent. and Engineering, 41(6). pp. 551-561.
DOI. 10.1080/01919512.2019.1593818

4. Qiushi Zhu, Wei Yao, Haibo Ye, et al.
(2019). The Function of Surface Hydroxyl Groups
of Incorporated Alumina on Catalytic Ozonation
of Heavy Oil Produced Water. Ozone: Science
and Engineering, 41(6), pp. 521-530. DOI.
10.1080/01919512.2019.1580561

5. F.J.Beltran & A. Rey. (2018). Free Radical
and Direct Ozone Reaction Competition to
Remove Priority and Pharmaceutical Water
Contaminants with Single and Hydrogen
Peroxide Ozonation Systems. Ozone: Science and
Engineering, 40(4), pp. 251-265. DOI.10.1080/01
919512.2018.1431521

6. Jono Suhartono & Chedly Tizaoui. (2018).
Ozone Cleaning of Fouled Poly (Vinylidene)
Fluoride/Carbon Nanotube Membranes. Ozone:
Science and Engineering, 40(1), pp. 64-75. DOI.1
0.1080/01919512.2017.1345618

7. Shcherbatiuk Tetiana, Andreieva Olha.
(2023). Zastosuvannia ozonnykh tekhnolohii
u  roslynnytstvi.  Visnyk  Khmelnytskoho
natsionalnoho universytetu. Tekhnichni nauky,
Tom 1, N@5(325), S. 258-262. DOI. 10.31891/2307-
5732-2023-325-5-258-262

8. Nigam, M., Mishra, P., Kumar, P., et al.
Comprehensive technological assessment for
different treatment methods of leather tannery
wastewater. (2023). Environ Sci Pollut Res, 30,
pp. 124686-124703. DOI. 10.1007/s11356-022-
21259-x

9. Jochimsen, J. C; Schenk, H; Jekel, M.
R. (1997). Combined oxidative and biological
treatment for separated streams of tannery
wastewater. Water science and technology,
36(2-3). pp. 209-216. DOI. 10.1016/S0273-
1223(97)00389-2



HAYKOBWIM MOLLYK

10. S.V. Srinivasan, T. Rema, K. Chitra, et
al. (2009). Decolourisation of leather dye by
ozonation. Desalination, 235(1-3), pp. 88-92.
DOI.10.1016/j.desal.2007.07.032

11. Ersin Onem, Ali Yorgancioglu, Gamze
Namirti, Seher Perincek. (2017). Ozonation as an
Environmentally Friendly Method to Decolorize
the Leather Products. Ozone: Science and
Engineering, 39(6), pp. 454-461. DOI:10.1080/0
1919512.2017.1322487

12. Sneha A. Korpe, Vividha Landge, Vikas S.
Hakke, et al. (2022). Advanced oxidation processes
for tannery industry wastewater treatment. Novel
Approaches Towards Wastewater Treatment and
Resource Recovery Technologies. Chapter 14/
ed. by Arvind Mungray, Alka Mungray, Shriram
Sonawane, Shirish Sonawane, Copyright © 2022
Elsevier Inc., pp. 253-276. DOI. 10.1016/B978-0-
323-90627-2.00002-2

13. Jalel Bouzid, Walid Aydi, Mohamed Ksibi,
and Boubaker Eleuch. (2007). Use of Ozonation
Process for the Oxidation of Liming Float
Wastewater Stream. Environmental engineering
science, 25(8). pp. 1139-1147. DOI. 10.1089/
ees.2007.0069

14. Kameswari, K. Sri Bala; Kalyanaraman, Chitra;
Thanasekaran, K. (2014). Evaluation of various
pre-treatment processes on tannery sludge
for enhancement of soluble chemical oxygen
demand. Clean technologies and environmental
policy, 16(2), pp. 369-376. DOI.10.1007/s10098-
013-0632-4

15. Tavoosi, Y., Behin, J. (2022). Unhairing of
bovine hide using wastewater from Merox unit
of oil refinery: techno-environmental aspect.
Environmental science and pollution research
international, 29, pp. 28180-28193. DOI. 10.1007/
s11356-021-18440-z

16. Katsoyiannis, I. A., Gachet, C., & von Gunten,
U. (2018). Fate of Cr (lll) during Ozonation of
Secondary Municipal Wastewater Effluent.
Ozone: Science & Engineering, 40(6). pp. 441-
447.DO0I.10.1080/01919512.2018.1481362

17. Crini, G., Cosentino, C., Bradu, C. et al.
(2022). Innovative technologies to remove
alkylphenols from wastewater: a review.
Environmental chemistry letters, 20. pp. 2597-
2628. DOI.10.1007/s10311-022-01438-5

18. Cheng, W, Quan, X, L, R, et el
(2017).  Ozonation of Phenol-Containing
Wastewater Using 0O3/Ca(OH)2 System in
a Micro Bubble Gas-Liquid Reactor. Ozone:
Science & Engineering, 40(3). 173-182. DOI.

10. S. V. Srinivasan, T. Rema, K. Chitra, et
al. (2009). Decolourisation of leather dye by
ozonation. Desalination, 235(1-3), pp. 88-92.
DOI.10.1016/j.desal.2007.07.032

11.  Ersin Onem, Ali Yorgancioglu, Gamze
Namirti, Seher Perincek. (2017). Ozonation as an
Environmentally Friendly Method to Decolorize
the Leather Products. Ozone: Science and
Engineering, 39(6), pp. 454-461. DOI:10.1080/0
1919512.2017.1322487

12.  Sneha A. Korpe, Vividha Landge, Vikas S.
Hakke, et al. (2022). Advanced oxidation processes
for tannery industry wastewater treatment. Novel
Approaches Towards Wastewater Treatment and
Resource Recovery Technologies. Chapter 14/
ed. by Arvind Mungray, Alka Mungray, Shriram
Sonawane, Shirish Sonawane, Copyright © 2022
Elsevier Inc., pp. 253-276. DOI. 10.1016/B978-0-
323-90627-2.00002-2

13.  Jalel Bouzid, Walid Aydi, Mohamed Ksibi,
and Boubaker Eleuch. (2007). Use of Ozonation
Process for the Oxidation of Liming Float
Wastewater Stream. Environmental engineering
science, 25(8). pp. 1139-1147. DOI. 10.1089/
ees.2007.0069

14.  Kameswari, K. Sri Bala; Kalyanaraman,
Chitra; Thanasekaran, K. (2014). Evaluation of
various pre-treatment processes on tannery
sludge for enhancement of soluble chemical
oxygen demand. Clean technologies and
environmental policy, 16(2), pp. 369-376.
DOI.10.1007/s10098-013-0632-4

15.  Tavoosi, Y., Behin, J. (2022). Unhairing of
bovine hide using wastewater from Merox unit
of oil refinery: techno-environmental aspect.
Environmental science and pollution research
international, 29, pp. 28180-28193. DOI. 10.1007/
s11356-021-18440-z

16. Katsoyiannis, I. A, Gachet, C, & von
Gunten, U. (2018). Fate of Cr (lll) during Ozonation
of Secondary Municipal Wastewater Effluent.
Ozone: Science & Engineering, 40(6). pp. 441-
447.D0I.10.1080/01919512.2018.1481362

17.  Crini, G., Cosentino, C., Bradu, C. et
al. (2022). Innovative technologies to remove
alkylphenols from wastewater: a review.
Environmental chemistry letters, 20. pp. 2597-
2628. DOI.10.1007/s10311-022-01438-5

18. Cheng, W. Quan, X, Li, R, et el
(2017).  Ozonation of Phenol-Containing
Wastewater Using 0O3/Ca(OH)2 System in
a Micro Bubble Gas-Liquid Reactor. Ozone:
Science & Engineering, 40(3). pp. 173-182. DOI.

IM N23, 2024 / 49



HAYKOBWIM MOLLYK

10.1080/01919512.2017.1399791

19. Balakrishnan, Abirami; Kanchinadham, Sri
Bala Kameswari; Kalyanaraman, Chitra. (2020).
Studies on the effect of pre-treatment of
vegetable tanning process wastewater prior to
biological treatment. Journal of environmental
chemical engineering, 8(4). p. 104020. DOI.
10.1016/j.jece.2020.104020

20. Chaturvedi, Anuj; Rai, Birendra Nath; Singh,
Ram Saran. (2021). A comprehensive review on
the integration of advanced oxidation processes
with biodegradation for the treatment of textile
wastewater containing azo dyes. Chemical
Engineering, 6. pp. 617-639. DOI.10.1515/
revce-2020-0010

21. Kannaujiya, Manish Chandra; Kumar,
Ramesh; Mandal, Tamal. (2021). Experimental
investigations of hazardous leather industry
dye (Acid Yellow 2GL) removal from simulated
wastewater using a promising integrated
approach. Process safety and environmental
protection, 155. pp. 444-454. DOI. 10.1016/j.
psep.2021.09.040

22. Hassaan, Mohamed A.; El Nemr, Ahmed;
Madkour, Fedekar F. (2021). Advanced oxidation
of acid yellow 11 dye; detoxification and
degradation mechanism. Toxin reviews, 40(4). pp.
1472-1480. DOI.10.1080/15569543.2020.1736098

23. Mahdizadeh, Hakimeh; Nasiri, Alireza;
Gharaghani, Majid Amiri. (2020). Hybrid UV/
COP advanced oxidation process using ZnO as
a catalyst immobilized on a stone surface for
degradation of acid red 18 dye. Methods X. pp.
1011-1018. DOI. 10.1016/j.mex.2020.101118

24. Preethi, V., Parama Kalyani, K.S., lyappan,
K. (2009). Ozonation of tannery effluent for
removal of COD and color. Journal of hazardous
materials, 166(1). pp. 150-154. DOI. 10.1016/].
jhazmat.2008.11.035

25. Bonfante de Carvalho, Cassandra; Espina de
Franco, Marcela; Souza, Fernanda Siqueira. (2018).
Degradation of Acid Black 210 by advanced
oxidative processes: O3 and O3/UV. Ozone:
science & engineering, 40(5). pp. 372-376. DOI.
10.1080/01919512.2018.1435258

26. 3amwa https://uk.wikipedia.org/wiki/3amwa

27. Sundar, V. J., Muralidharan, C., & Sadulla,
S. (2007). Ozonation — An Emerging Inevitable
Option for Chamois Making. Ozone: Science
& Engineering, 29(5). pp. 405-409. DOI.
10.1080/01919510701573434

50/ IM Ne93, 2024

10.1080/01919512.2017.1399791

19. Balakrishnan, Abirami; Kanchinadham,
Sri Bala Kameswari; Kalyanaraman, Chitra.
(2020). Studies on the effect of pre-treatment of
vegetable tanning process wastewater prior to
biological treatment. Journal of environmental
chemical engineering, 8(4). p. 104020. DOI.
10.1016/j.jece.2020.104020

20.  Chaturvedi, Anuj; Rai, Birendra Nath;
Singh, Ram Saran. (2021). A comprehensive
review on the integration of advanced
oxidation processes with biodegradation for
the treatment of textile wastewater containing
azo dyes. Chemical Engineering, 6. pp. 617-639.
DOI.10.1515/revce-2020-0010

21.  Kannaujiya, Manish Chandra; Kumar,
Ramesh; Mandal, Tamal. (2021). Experimental
investigations of hazardous leather industry
dye (Acid Yellow 2GL) removal from simulated
wastewater using a promising integrated
approach. Process safety and environmental
protection, 155. pp. 444-454. DOI. 10.1016/].
psep.2021.09.040

22. Hassaan, Mohamed A, El Nemr,
Ahmed; Madkour, Fedekar F. (2021). Advanced
oxidation of acid yellow 11 dye; detoxification
and degradation mechanism. Toxin reviews, 40(4).
pp. 1472-1480.

23.  Mahdizadeh, Hakimeh; Nasiri, Alireza;
Gharaghani, Majid Amiri. (2020). Hybrid UV/
COP advanced oxidation process using ZnO as
a catalyst immobilized on a stone surface for
degradation of acid red 18 dye. Methods X. pp.
1011-1018. DOI. 10.1016/j.mex.2020.101118

24. Preethi, V., Parama Kalyani, K.S., lyappan,
K. (2009). Ozonation of tannery effluent for
removal of COD and color. Journal of hazardous
materials, 166(1). pp. 150-154. DOI. 10.1016/j.
jhazmat.2008.11.035

25. Bonfante de Carvalho, Cassandra;
Espina de Franco, Marcela; Souza, Fernanda
Siqueira. (2018). Degradation of Acid Black 210
by advanced oxidative processes: O3 and O3/UV.
Ozone: science & engineering, 40(5). pp. 372-376.
DOI. 10.1080/01919512.2018.1435258

26.  Zamsha https://uk.wikipedia.org/wiki/
Zamsha

27.  Sundar, V. J, Muralidharan, C, &
Sadulla, S. (2007). Ozonation — An Emerging
Inevitable Option for Chamois Making. Ozone:
Science & Engineering, 29(5). pp. 405-409. DOI.
10.1080/01919510701573434



