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Highly efficient modification of the metal surface with environmentally friendly compounds to
provide new functional properties
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3. CyTb po3po0KH, OCHOBHI pe3yJibTaTH.

(ykp.) OrpumaHi €KOJOTIYHO-O€3MeuHi CIOJyKH (OpraHiyHi CHOJYKH 3 POCIMHHUX
eKCTPakTiB) sl (popMyBaHHS MAcCHBALIMHOTO mapy Ta Moau(ikamii MeTareBUX MOBEPXOHbB, IO
BIJIIIOBIJAIOTh CBITOBUM TEHJIEHLIISIM 111010 KOHIIEILIi BIPOBAPKEHHS CTAJIOTO PO3BUTKY ‘‘3€JI€HOi”
Ximil Ta “3emeHoi” eKOHOMIKHU IS TiIPUEMCTB.

- Brepie BusiBIIeHI aHTUKOPO3ilHIA Ta aHTUCKAJIAHTHI BJIACTUBOCTI CIIMPTOBUX EKCTPAKTIB
BIJIXOJIIB arpo-TIPOMUCIIOBOTO KOMIUTEKCY. L{i BIIaCTUBOCTI BUSBISIOThH, 30KpEMa, CKCTPAKTH PIllaKy
Ta peAbKH 3a PaxXyHOK HASBHOCTI y CKJaJli €KCTPAKTIB MPUPOIHHUX MOTIMEpiB (130TiOI[IaHAHTIB ~
40%). Tomimepn yTBOPIOIOTH Ha TOBEPXHI METaly 3aXHCHHW MIap, IO BUCTyHae Oap’epoMm st
JOCTYIy KMCHIO Ta 10HIB coJIell TBEpAOCTI 1, TAKUM UYMHOM, MEPELIKO/KAEe KOPO3ii Ta 0CaKEHHIO
HaAKUIY.

- Po3po0ieni KoMIO3UIIiHI CyMmilllli POCIMHHUX €KCTPaKTiB ()KMUX BHHOTPaay) i3 BMiCTOM
KapOO(dyHKIIOHAIBHUX AJKOKUCHWIIAHIB, 10 BIAPIZHAIOTHCA 3JaTHICTIO (opmyBatu ‘“‘cMapT-
HAHOCTPYKTYpH™, Ta 3a0e3Meuy0Th BUCOKI IPOTUKOPO3iiHI BIACTUBOCTI MOKPUTTIB. JJoBeeHO, 1110
KiHeTHKa mporecy (opmyBanHs Moxe matu «Self-Assembled» xapaxrtep. ToBIIKMHA 3aXHMCHUX
TTiBOK cTaHOBUTH BiJ 200 HM 10 800 HM B 3aN€KHOCTI BiJ MOIU(IKYIOUOTO peareHTy, Mexi Moty
(a3 y cucreMax: piimHa/TBEp/e TUI0, ra3onapona ¢asza/TBepae TUIo.

- Po3po0iieHo ycTaHOBKY AJisi AOCHIKEHHS aHTUCKAJTAHTHUX BJIACTUBOCTEH, L0 J03BOJISE
MpoaHalli3yBaTd  €(EeKTUBHICTb  peareHTIiB  caMe€ Uil 3amoOiraHHsS  [OBEPXHEBOMY
HAKUIOYTBOPEHHIO, a TAKOXK 3HAYHO NMPHCKOPIOE TPUBATICTh OTPUMAHHS pe3yJbTaTy MOPIBHSIHO 13
BiJOMUMH METOJMKaMH. BUKopucTaHHS pO3p00JIEHOI yCTaHOBKH JTO3BOJISIE OIIHIOBATH OHOYACHO
AHTHCKAJAHTHI BIIACTUBOCTI peareHTiB Ta OJO0KyBaJlbHI BIACTUBOCTI TOBEPXHEBHX ILIAPIB.

- BcraHoBIEHO peXHMHU YIBTPa3BYKOBOI OOpPOOKM CepeloBHINA, 3a SKUX BiAOYyBaeThCA
MOCUJICHHSI NTPOTUKOPO3iMHUX BIAaCTUBOCTEH KapOOHATHUX OCAMIB Ha MOBEPXHI MeTaly. 30Kpema
BCTaHOBJIEHO, IO YIBTPa3ByKoBa 06poOka 3 iHTeHcHBHicTIO 2-4 Br/cM? B mpomeci GpopMyBaHHS
1apy ocaiy HiBHINY€e HOro 3aXMCHI BIACTUBOCTI Y 3-5 pa3iB, 3MEHILye TPUBAIICTh (JOPMYBAHHS
3aXMCHOTO LIapy Yy 2 pa3u Ta 3MEHIIy€e Horo TOBHIMHY. Ha OCHOBI OTpUMAaHUX JaHUX PO3POOIJIEHO
TEXHOJIOT1YHI peKOMEHJalii MO YyJIbTPa3BYKOBil 00poOIl MPOMHUCIOBUX TEIUIOOOMIHHMKIB ISt
3aXUCTY BiJl HAKUITY Ta KOPO3ii.

- Po3pobneno mabGopaTopHuil 3pa3o0K yIBTPAa3BYKOBOI'O amaparta [uid MoJudikarii
MOBEPXHEBUX IIapiB Ha MOBEPXHI MeTaly [UIsl MPOTHUKOPO3IHHOTO 3aXMUCTy TEIIOOOMIHHUX
MOBEPXOHb B YMOBaX HAaKUIIOYTBOEPHHSI.

(poc.) Ilomyuensl skonornyecku Oe3omacHble COENMHEHHs (OpraHMYecKHe COEIMHEHHs M3
pPacCTUTENBHBIX JKCTPAKTOB) [UIsi (OPMUPOBAHUSA IACCUBALMHHOTO CJIOST W MoJAU(UKAIMH
METANIMYECKUX [OBEPXHOCTEH, COOTBETCTBYIOIIME MHUPOBBIM TEHACHUUSAM [0 KOHLENLUU
BHEAPEHUS YCTOMYMBOTO Pa3BUTHUSA ""3€JIEHOU" XUMUH U "3€71€HON" S5KOHOMUKU ISl TPEATPUATHMN.

- BnepBeie 0OHapyXeHbl AHTUKOPPO3UHHONW M aHTHUCKAJIaHTHBIE CBOWCTBA CIHMPTOBBIX
9KCTPAKTOB OTXOJIOB arpo-NpOMBIIIJIEHHOTO KOMILUIEKCA. JTU CBOWCTBA NPOSBIIAIOT, B YaCTHOCTH,



SKCTPAKThl pamca U pelbKH 3a CYeT HaJMYMsl B COCTaBE€ 3KCTPAKTOB MPUPOAHBIX MOJIMMEPOB
(m3otuormanantuB ~ 40%). [lonmumepsr 00pa3ylOT Ha MOBEPXHOCTH METAaJla 3aIUTHBIA CJIOH,
KOTOpBIM BBICTYINaeT OapbepoM MJs JOCTyINa KUCIOPOJa M HMOHOB COJIEH KECTKOCTU M, TaKUM
00pa3oM, MPEMSITCTBYET KOPPO3UH U OCAKICHUIO HAKUTIH.

- Pa3zpaboTaHbl KOMITO3UIIMOHHBIE CMECH PACTUTENBHBIX 3KCTPAKTOB (KMBIX BHUHOTPaza) C
coZiepkaHueM  KapOOQYHKIMOHATIBHBIX  AJKOKHUCHIAHOB,  OTJIMYAIOUIHECS  CIIOCOOHOCTHIO
dbopMupoBaTh "cMapT-HAHOCTPYKTYPHI", U 00eCHEeUnBaIOT BHICOKHE aHTUKOPPO3UOHHBIE CBOMCTBA
NOKpbITHHA. JlOKa3aHo, YTO KMHETHKa Tmpolecca GopmupoBanus Moxer uMeTh «Self-Assembled»
xapakrep. TommmHa 3amMTHBIX MIEHOK cocTaBisieT oT 200 HM 1o 800 HM B 3aBUCHUMOCTH OT
MOTUGUIMPYIONIETO peareHTa, TPaHulbl pazzena a3 B CUCTEMax: KUAKOCTh / TBEPIOE Teo,
ra3onapoBbix ¢aza / TBepJ0e TeJo.

- Paspaborana ycTaHOBKa Ui WCCIICJOBAHHMS AHTHCKAIAHTHBIX CBOWCTB, TO3BOJISET
MpoaHaIu3upoBaTh AG(GEKTUBHOCTh PEAreHTOB HWMEHHO IJIsl MPEJOTBPAIICHUS] MOBEPXHOCTHOTO
HakuneoOpa3oBaHMi, a TAK)KE 3HAYUTEIHHO YCKOPSET MPOAOIKUTEIBHOCTD TIOJYYCHHS PE3yIbTaTa
110 CPABHEHUIO C U3BECTHBIMHU MeTOuKaMu. Mcronp30BaHue pa3pabOTaHHON YCTaHOBKHU MO3BOJISET
OIICHUBATh OJHOBPEMEHHO AHTMCKAJIAHTHBIE CBOWCTBA PEAreHTOB M OJIOKMPOBOYHBIE CBOMCTBA
MMOBEPXHOCTHBIX CJIOEB.

- YCTaHOBJIEHO PEXUMBI YJIbTPa3BYKOBOW 00pabOTKM cCpenbl, NpU KOTOPBIX MPOUCXOIUT
YCUJIEHUE aHTUKOPPO3MOHHBIX CBOWCTB KapOOHAaTHBIX OCAJKOB Ha TOBEPXHOCTH MeTaia. B
YaCTHOCTH YCTaHOBJIEHO, YTO YIbTPa3ByKoBas 00pabOTKAa ¢ HMHTEHCHBHOCThIO 2-4 Br/cm? B
npouecce GOpMUPOBAHUS CIIOST OCAJKa MOBHIIIAET €ro 3alUTHBIE CBOMCTBA B 3-5 pa3, yMEHbIIIAeT
MIPOJIOJKUTEILHOCTh (DOPMUPOBAHUS 3alTUTHOTO CIIOS B 2 pa3a M yMEHbBIIAET ero ToimmHay. Ha
OCHOBE TOJyYEHHBIX JaHHBIX pa3pabOTaHbl TEXHOJOTHYECKHE PEKOMEHAAINU 0 YIbTPa3BYKOBOI
00paboTKe MPOMBIIUICHHBIX TETUIOOOMEHHUKOB JIJIS 3alTUTHI OT HAKUITA U KOPPO3HH.

- PazpabGotan naGopaTopHbli 00pasell yJIbTPa3ByKOBOTO ammapara Ais MOAU(PHUKAIIN
MOBEPXHOCTHBIX CJIOEB Ha TMOBEPXHOCTH MeTauia JUisi TMPOTUBOKOPPO3HMOHHOW  3alllUTHI
TEMI000MEHHBIX MTOBEPXHOCTEH B YCIOBHIX HAKUIIEOOpa30BaHUSI.

(eng.) Obtained ecologically safe compounds (organic compounds from plant extracts) for the
formation of a passivation layer and modification of metal surfaces that meet global trends in the
concept of sustainable development of "green” chemistry and "green™ economy for enterprises.

- For the first time anticorrosive and antiscalant properties of alcohol extracts of waste of
agro-industrial complex are revealed. These properties are revealed, in particular, for rapeseed and
radish extracts due to the presence of natural polymers in the extracts (isothiocyanates ~ 40%). The
polymers form a protective layer on the metal surface, which acts as a barrier to the access of
oxygen and ions of the hardness salts, and thus prevents corrosion and scale deposition.

- Developed composite mixtures of plant extracts (grape cake) with the content of
carbofunctional alkoxysilanes, characterized by the ability to form "smart nanostructures” and
provide high anti-corrosion properties of coatings. It is proved that the kinetics of the formation
process can be "Self-Assembled”. The thickness of the protective films is from 200 nm to 800 nm
depending on the modifying reagent, the phase boundary in the systems: liquid / solid, gas-vapor
phase / solid.

- The modes of ultrasonic treatment of the environment at which there is a strengthening of
anticorrosive properties of carbonate deposits on a metal surface are established. In particular, it
was found that ultrasonic treatment with an intensity of 2-4 W/cm? during the formation of the
sediment layer increases its protective properties by 3-5 times, reduces the duration of the formation
of the protective layer by 2 times and reduces its thickness. Based on the obtained data,
technological recommendations for ultrasonic treatment of industrial heat exchangers for protection
against scale and corrosion have been developed.

- The installation to investigate antiscalant properties is developed that allows to analyze
efficiency of reagents for prevention of scale formation, and also considerably accelerates duration
of receiving result in comparison with known techniques. The use of the developed installation



allows to evaluate both the antiscalant properties of the reagents and the blocking properties of the
surface layers.

- The laboratory sample of the ultrasonic device for modification of surface layers on a metal
surface for anticorrosive protection of heat exchange surfaces in the conditions of scale formation is
developed.

4, HasiBHICTb OXOPOHHHUX JOKYMEHTIB Ha 00’ €KTH NPaBa iHTEJIEKTYaJbHOI BJIACHOCTI — HE
Mae.

5. IlopiBHsIHHS 3i CBITOBMMH aHAJIOTAMU.

Po3po6iieni monudikyroui areHTH 3a paXyHOK 0araTOKOMITOHEHTHOT'O CKJIay BiAPI3HSAIOTHCS
MYJIbTIQYHKIIOHATBHICTIO Tii 1 IIMPOKUM CIIEKTPOM BIacTUBOCTEH (iHriOyrOYi, aHTHUCKAJAHTHI).
[lepeBaru 3anmponoHoBaHUX MOAUGDIKATOPIB MEpe] 3aKOPAOHHUX PeareHTaMH MOJSATraloTh B TOMY,
[0 aHAJOTHM MICTATh y CBOEMY cKiani (ocop-opraHiuHi CIONYKH, MONIOTATH Ta CKJIaIHI
MoJIIMEpH, IO MO-TIepile, HE BIAMOBITA€ Cy4acHiM TEHIEHINI II0JO0 3aCTOCYBaHHS IEPEBAKHO
eKOJIOTIYHUX MIJXOMIB y TEXHOJIOTISAX, a MO-IPyre Mae BHUCOKY BapTICTh Ta HE 3aBXKIU BUCOKY
ehekTuBHICTh. [IpoBecHO MOPIBHAIBHI JOCTIHKEHHS €()EKTUBHOCTI 3alIPOITIOHOBAHUX PEArcHTIB 3
BITYM3HSHUMH aHAJIOTAMH, & CcaMme MPOAYKIIl THIIOBUX IMMPOMHUCIOBUX peareHTiB cepii «CGy, mo €
po3poOKoI0 MpoeKTHO-1HkUHIpUHTOBOT KoMmmaHii AKBA-XOJIAWMHIT (M. Juinpo) ta xommanii
INTS WATER (BenukoOpuTanis). Bukopuctanss po3po0iaeHuX miaxoaiB Moaudikalii ToBepXoHb
€KOJIOT1YHO-0€3MIeYHUMH  OpPraHIYHUMU CIOJYKaMH HE TIOCTYMalThcad eQEeKTUBHICTIO il
npomuciaoBuM aHaioram cepii «CGy. [lopiBHIOIOYI pO3pOoOJICHI METOIU 3 KOMIUIEKCHUMU
peareHTamu JUIsl 1HT101pyBaHHS KOPO3il Ta COJNEBIAKIACHHS, BIIMIHHUMU PUCAMH € €KOJIOT1YHICTh
Ta EKOHOMIYHICTb.

6. ExonomiuHa npuBadJMBicTh /151 MPOCYBAHHS HA PUHOK.

3acTocyBaHHs po3po0sIeHOT TeXHOJIOT1T Mo piKallii MOBEPXHi 3 MaporazoBoi (azu 103BOJIsE
MIPOJIOBXKUTH TEPMIH 30€piraHHs Ta eKCIUTyaTallii MeTaleBUX BUPOOiB y 3-5 pa3iB 3a paxyHOK
(opMyBaHHS Ha MOBEPXHI MeTaly aJIcCOPOLIHHOTO MIapy 3 JIETKUX CHOJIYK OPraHIYHOI IPUPOIH.
3acToCcyBaHHS YJABTPa3BYKOBOi MoAuQIKaIllli TMOBEPXHI JO3BOJISIE MIJBUIIUTH €()EKTUBHICTH
TeroooMiny 10 40%, mpu bOMY IIBUAKICT KOPO3ii TEMI000MiHHOI MOBEPXHI 3HUXKYETbCA y 2-4
pazu. @opMyBaHHS 3aXHMCHOTO IIapy BIAOYBA€ThCSA 13 NPUPOAHUX KOMIIOHEHTIB KOpPO31iHOIo
Cepe/loBMINA, a caMe HasBHUX Yy BOJl coyiell TBepAOCTi. BBeneHHA ynIbTpa3ByKy Bele J10
Moaudikaiii KapOOHATHOTO OCaay, KPUCTAIN YTBOPIOIOTHCS OUIbIN APiOHI, MAIOTh BHIII 3aXHCHI
BJIACTUBOCTI 1 HE MEPEIKO/HKAIOTh TEIJIO0OMIHY.

7. TloTeHuiiiHi KopHCcTyBayi pe3yJbTaTiB:

- [lignpueMcTBa MeTaTypriiHOro Npodiiro, M0 3aiMalThCI BUTOTOBJICHHIM Ta 30epiraHHsIM
METAJIONPOKaTy ab0o BUPOOIB 3 METAITy.

- [lignpueMcTBa €HEPreTUYHOI ray3l, 10 eKCIUTyaTyIoTh TEIJIOBl MEPEXi, MEpexi rapsiaoro
BOJIOTNIOCTAYaHHS Ta OMaJICHHS.

- Komynaneni  mianmpuemctea, OCBb 'y cdepy oOciyroByBaHHS SIKHX  BXOJISTh
BHYTPIIIHEOOYIMHKOBI MEpEeXi, IHAUBIAyalIbHI TETJIOBI MYHKTH )KUTIOBUX OYAMHKIB.

8. CTaH roToBHOCTi po3poOKH.

Po3poOnennii Ta BUTOTOBIEHUH J1abOpaTOpPHHUI 3pa3oK  yJIbTPa3ByKOBOIO amapara,
BIJIIpaI[bOBaHi BIAMOBIAHI TEXHOJOTIYHI pEeKOMEHJalii i3 3acTocyBaHHA 1HTIOITOpIB KOpo3ii Ha
OCHOBI POCIIMHHOI CHUPOBHUHU JJIsi 3aXHUCTy BHUPOOIB 3 MeTaly, a TaKOX /s 3acTOCyBaHHS
yIBTPa3BYKOBUX arapaTiB Ha TEIUIOOOMIHHMKAaX CHCTEM rapsdoro BojaonocradanHs. [lorpeOye
MOAAJIBIIIOT PO3POOKH KOHCTPYKIIS YJIBTPA3BYKOBOTO amapara, a TaKOoXK BHU3HAUCHHS HEOOXigHOT
MOTY>KHOCTI B 3QJIEXKHOCTI BiJl THITY TEIUIOOOMIHHHKA.



9. IcHyroui pe3y/jibTaTH BIPOBAKEHHSI.

Pesynbratn poGoTH anpoOOBaHO NOTEHIIMHUMH KOPHCTyBayaMH, SIKI MOXYTb OyTH
MOTEHIIHHUMHA 3aMOBHHMKAaMH PO3pOOJICHOT HAyKOBOi TPOAYyKIii. 3aKiIrO4HI TOTOBOPH PO
BUKOHAHHS HAYKOBO-ZOCHITHUX POOIT, OTPUMAHO aKTH MPOMHUCIOBHX BHIIPOOYBaHb.
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«Koarynsat», 70605, 3amopizbka obmacte, M. Ilomorm, Byn. Jleci VYkpaiaku, 243. p/p
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