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Pedepar:

1. O6’eKTOM [OCIIIIPKEHHS € IPOLECU €JIEKTPOXiMIYHOTO CUHTE3y XPOMOKCUIHUX ITOKPUTTIB Ha ctazni 08X18H10 B
YMOBax CTal[iOHAPHOT'O Ta HECTAIL[iIOHAPHOTO €JIEKTPOJIi3y. [IpeIMET NOCTiIKEHHS — TEXHOJIOTiIYHi IapaMeTpu
npouecy GOpMyBaHHSI XpPOMOKCHUIHUX MOKPUTTIB Ha crasi 08X18H10 B enexrpositax, mogudikosaHux SiO2onH20,
Ta IPY Pi3HUX PEKMMAX €JIEKTPOJIi3y; 3aXUCHI BJIACTUBOCTI XpPOMOKCUHUX MOKPUTTIB. Y BCTYIi OOIPYHTOBAaHO
aKTyaJIbHICTb TEMU OHCepTaLiiiHOI poO60TH, CPOPMYIBOBAHO METY i 3a7ja4i, BU3HAYEHO OONEKT, IIpeaMeT i MeTou
IOCJIiI)KEeHHS], TI0OKa3aHOo 3B'130K pOoOOTHU 3 HAYKOBUMU TeMaMU, HaJlaHO HayKOBY HOBU3HY Ta C(POPMYJIbOBAHO
[IPaKTUYHY 3HAYYILiCTh OTPMMAHUX PE3yJIbTaTiB. Y MepLUIOMy PO3[iji MPOBEIEHO aHali3 HAYKOBO-TEXHIYHOI
JIiTepaTypy o0 Cy4YaCHUX METOLiB (POPMYBAHHSI METAJIOKCUIHUX [IOKPUTTIB, IOIIMPEHUX €JIEKTPOJIITIB Ta

PEKUMIB €JIEKTPOJIi3Y, T BIACTUBOCTEN XPOMBMICHUX [TOKPUTTIB. BUCBIT/IEHO NEPCNIEKTUBY X BAKOPUCTAHHS Y



Cy4aCHUX rajly3six IPOMUCJIOBOCTI. [IpoaHani3oBaHO NepCIEKTUBHI HAIIPSIMKU MOIM(PiKyBaHHS XPOMOKCUIHUX
MIOKPUTTIB HA HEPKABIIOUUX CTAJISAX. Y IPYTOMY PO3/iji HAaBEAEHO ONMC MaTepiasiB, METOIUKY TPOBENEHHS
IOCTiIKeHb i3 3a3Ha4eHHSIM HeOOXiIHOI TeXHIUHOI anapatypu. Y TpeTbOMY pO3/iji IpecTaBjeHi pe3yabTaTu
OOIpyHTYBaHHS Ta Mogu(iKalii CKIaiB €JIEKTPOJIITIB Ta PEXXUMIB €JIEKTPOXiMIUHOTO CUHTE3Y XPOMOKCUIHUX
nokpuTTiB Ha crtasi 08X18H10 Ta ekcriepuMeHTaNbHO LOCiIKeHO MOPQOJIOTiio, CTPYKTYPY Ta €JIeMeHTHU CKIIa
OTPUMAaHUX IIOKPUTTIB. Y JJaHOMY PO3/iJi BUCBIT/IEHI HACTYIHI pe3yabTaTU: - eKCIIEPUMEHTaIbHO OOIPYHTOBAHO
BUOip KOMIIOHEHTIB €JIEKTPOJIITiB Ta PEXXUMIB €JIEKTPOIIi3Y 1 (POPMYBaHHS XPOMOKCUIHUX [TOKPUTTIB HA CTaJli; -
OTPUMaHi pe3yJIbTaTu JOCIiI>KeHHSI MOP(OJIOTii IOKa3yl0Th, IO CTPYKTYyPa XPOMOKCHUIHUX TOKPUTTIB, OTPMMaHUX
3 eNIeKTpoJiTiB, MopudikoBanux SiO20nH20, € kpucranigyHow. [1pu 36inbmeHHi KoHueHTpanii SiO2onH20 B
€JIEKTPOJIiTi, [I0BEPXHsI [IOKPUTTS CTa€ Oiblll PIBHOMIPHOIO Ta 6€3 TpiluH. JlaHi eleMeHTHOTO aHali3y BKasyloTh,
110 ITIOKPUTTS CKJIAJAIOTLCS NIEPEBAKHO 3 XpOoMy Ta OKCUTEHY, a TAKOX MICTATh CUIIiLIIA B HEBEJIMKUX KiJILKOCTAX
(0,17-1,09 mac.%). EDX-mapping IeMOHCTpPy€e PiBHOMIPHUI PO3MOiJ LIUMX €JIEMEHTIB 110 IOBEPXHIi IOKPUTTIB; -
IocinkeHHs: MopdoJiorii XxpOMOKCUAHUX IIOKPUTTIB, OTPMMaHUX B YMOBax HECTAlliOHapHOT O eJIEKTPOJIi3y,
[I0Ka3aJy, 10 TPUBAJICTb [1ay3U HAINPSIMY BIJINBA€ HA CTPYKTYPY MOKPUTTIB. 36i/1bIII€HHS TPUBAJIOCTI Ay3U Bif,
0,25 ¢ 1o 1 ¢ 3yMOBJIIO€ TIepexifi CTPYKTYPH 3 KPUCTAJIIYHOI 10 TII06YASIPHOI Ta «Ty64yacToi». Yci moKpuTTs
CKJIaa0ThCs 3 XpoMy Ta OKCUTEHY B Pi3HOMY MaCOBOMY CIiBBiJHOIIEHHi. TaKoX 31 3pOCTaHHSIM TPUBAJIOCTI NIay3n
301/IbLIYIOTHCSI PO3MIPH TPIlIMH HAa IIOBEPXHi CHOPMOBAHUX ITIOKPUTTIB; - €KCIIEPUMEHTAJIbHE IOCIiI>)KEHHSI BILJIUBY
aMILIITYIU TYCTUHY CTPYMY ITOKa3aiy, wo npu 90 A/nmM2 copMmoBaHi Ha IOBEPXHIi CTaJli IOKPUTTS € PiHOMipHUMH,
OHOpigHMUMU Ta 6e3 BifapoByBaHb. SHIKEHHS 3HA4eHHs aMILIiTyau 1o 30 A/nm2 a6o 36inbueHHs 1o 130 A/gm2
€ [IPUYMHOIO PO3TPiCKYBAHHS Ta BiAIapOBYBAHHS IIOKPUTTIB I10 PAaHULAM TPILMH. YeTBEpTUH pO3Lin
IIPUCBSIYEHUH [OCTiIKEeHHIO (Pi3UKO-XIMIYHUX BJIaCTUBOCTEN XPOMOKCUIHUX IIOKPUTTIB Ha crani 08X18H10 Ha
OCHOBI [IPOBEICHHS HATYPHUX €KCIIEPUMEHTIB. OTPUMaHO HACTYIIHI Pe3yJIbTaTU: - €KCIIEPUMEHTAIbHO BU3HAYEHO,
mo mopudikanis exexkrposity SiO2o0nH20 cnpusie popMyBaHHIO XPOMOKCUIHUX TIOKPUTTIB Ha HEPJKaBitovill craii,
sIKi 3a6€31e4yI0Th 3aXMCHI BJIACTUBOCTI Y XJIOPUAHUX CEPELOBUILAX. —~ OTPUMaHi NOTEHLi0OAMHAMIUHI 3aJ1€5KHOCTI
Hep>KaBilouoi cTasi 6e3 Ta i3 XxpOMOKCUIHUMHU IOKPUTTSIMU MTOKa3yI0Th, o cTasnb 08X18H10 y xsopugHux
cepeloBUIIAX CXUJIbHA [I0 MITUHTOYTBOPEHHS, ITPO 1O TEX CBigYaTh MikpodoTorpadii moBepxHi micis
BUIIPOOYBaHb. XPOMOKCHUIHI IOKPUTTS 3HAYHO MiJIBULIYIOTh MITUHTOCTINKICTh CIJIaBY, TUM CaMUM 3a06e3Me4yodu
HaJiiHUI 3aXUCT B arPECUBHUX CepefloBUIax. BusHaueHo, 3a pe3ysibTaTaMU JOCJIIKEHb, 110 HANOiJbII BUCOKY
MITUHTOCTIMKICTb Ma€ CTasIb i3 XPOMOKCUIHUM MOKPUTTSIM, OTPUMAHUM 3 MoaudikoBaHoro 0,05 moib /11
SiO20nH20; - BcTaHOBIIEHO, 0 MOIUGIKAIIis XPOMOKCUIHUX ITOKPUTTIB MPU3BOUTD JI0 3HVDKEHHS iX eeKTHOCTi
Ta MiJBUILIEHHS 3aXMCHUX BJIaCTUBOCTEH, 1110 M TBEPI)KYETHCS Pe3ysibTaTaMU KOPO3iMHUX BUIPOOYBaHb; -
BCTAHOBJIEHO, L]0 HAHECEHHS XPOMOKCUHUX ITOKPUTTIB Ha cTasib 08X18H10 nmigsuinye ii CTiMKIiCTb TP BUCOKUX
temnepatypax (600-10000) i mBHKicTh KOPO3ii 3HKyeThCs B 3-5 paziB. ¥ M'aToMy po3zisi 3ar1ponoHoBaHi
yIOCKOHAJIEH] KapTy TE€XHOJIOTIYHUX MTpolieciB GOpMYyBaHHS XPOMOKCUIHUX NIOKPUTTIB Ha cTani 08X18H10, BkazaHo

OCHOBHI Ta JOIIOMDKHI onepalii, CKylafiy €JIEKTPOJITIB Ta PEKUMU €JIEKTPOJII3y.

2. The object of the research is the processes of electrochemical synthesis of chromium oxide coatings on AISI 304
under the conditions of stationary and non-stationary electrolysis. The subject of the study is technological
parameters of the process of forming chromium oxide coatings on AISI 304 steel in electrolytes modified with
SiO02onH20 and in different electrolysis modes; anti-corrosion properties of chromium oxide coatings. The
introduction justifies the significance of the dissertation topic, articulates its goal and objectives, defines the
research's object, subject, and methodology, establishes its alignment with relevant scientific domains, highlights
its scientific novelty, and elucidates the practical significance of the findings. In the first chapter, an analysis of
contemporary scientific and technical literature concerning modern methods of metal oxide coating formation,
prevalent electrolytes and electrolysis modes, and the properties of chromium-containing coatings was
conducted. The chapter also emphasizes the potential applications of these coatings in modern industrial sectors.
Furthermore, prospective approaches for modifying chromium oxide coatings on stainless steels are examined.
The second section presents a description of the materials and research methodologies, along with necessary
technical equipment. The third section presents the results of substantiation and modification of electrolyte



compositions and modes of electrochemical synthesis of chromium oxide coatings on AISI 304 steel, and the
morphology, structure, and elemental composition of the obtained coatings are investigated. This section
highlights the following results: - the selection of electrolyte components and electrolysis modes for the formation
of chromium oxide coatings on steel is experimentally substantiated; - the obtained results of the morphology
study show that the structure of chromium oxide coatings obtained from SiO2onH20 modified electrolytes is
crystalline. When the concentration of SiO2o0nH20 in the electrolyte increases, the surface of the coating becomes
more uniform and without cracks. Elemental analysis data indicate that the coatings consist mainly of Chromium
and Oxygen, and also contain Silicon in small amounts (0.17-1.09 wt.%). EDX-mapping demonstrates the uniform
distribution of these elements on the surface of the coatings; - studies of the morphology of chromium oxide
coatings obtained under conditions of non-stationary electrolysis showed that the duration of the pause directly
affects the structure of the coatings. An increase in the duration of the pause from 0.25 to 1 sec causes the
transition of the structure from crystalline to globular and “spongy”. All coatings consist of Chromium and Oxygen
in different mass ratios. Also, as the duration of the pause increases, the sizes of cracks on the surface of the
formed coatings increase; - studies of the amplitude of the current density showed that at 90 A/dm2 the coatings
formed on the surface of the steel are uniform, uniform and without peeling. A decrease in the value of the
amplitude to 30 A/dm2 or an increase to 130 A/dm?2 is the cause of cracking and peeling of coatings along the
crack boundaries. The fourth chapter is devoted to the study of the physical and chemical properties of chromium
oxide coatings on AISI 304 steel based on field experiments. The following results were obtained: - it was
experimentally determined that the modification of the SiO2o0nH20 electrolyte contributes to the formation of
chromium oxide coatings on stainless steel, which provide corrosion-protective properties in chloride
environments. - obtained potentiodynamic dependences of stainless steel without and with chromium oxide
coatings show that AISI 304 steel in chloride environments is prone to pitting, which is also evidenced by
microphotographs of the surface after the tests. Chromium oxide coatings significantly increase the pitting
resistance of the alloy, thereby providing reliable protection in aggressive environments. Based on the results of
research, it was determined that steel with a chromium oxide coating obtained from modified 0.05 mol /L
SiO2o0nH20 has the highest pitting resistance; - it was established that the modification of chromium oxide coatings
leads to a decrease in their defects and an increase in corrosion resistance, which is confirmed by the results of
corrosion tests; - it was established that the application of chromium oxide coatings on AISI 304 steel increases its
resistance at high temperatures (600-1000n) and the rate of corrosion decreases by 3-5 times. In the fifth chapter,
maps of the technological processes of the formation of chromium oxide coatings on AISI 304 steel are proposed,
the main and auxiliary operations, electrolyte compositions and electrolysis modes are indicated.
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