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Pedepar:

1. O6’eKTOM [IOCIiI>KEHHS € NIPOLIECU eJIEKTPOXiMIYHOTO CUHTE3y XPOMOKCUIHUX ITOKPUTTIiB Ha cTasi 08X18H10 B
YMOBax CTalliOHaPHOI'0 Ta HECTALLIOHAPHOTO €JIEKTPOJIi3y. [IpeIMeT NOCIiIKEHHS — TEXHOJIOTIYHi IapaMeTpu
npouecy GOpMyBaHHS XPOMOKCUIHUX MOKPUTTIB Ha cTasi 08X18H10 B enekrpositax, mogudikoBanux SiO2onH20,
Ta IIPY PiBHUX PEKMMAX €JIeKTPOJIi3y; 3aXUCHI BJIaCTUBOCTI XpPOMOKCHUIHUX MTOKPUTTIB. Y BCTYIi OOIPYHTOBAHO
aKTyaJIbHICTb TEMHU AMCEPTaLiiHOI poO60TH, CPOPMYIbOBAHO METY i 337jaui, BU3HAUEHO OONEKT, IpeAMeT i MeToau

,U,OCJIi,IL)KeHHH, MOKa3aHO 3B’I30K pO6OTI/I 3 HAYKOBMMU TEMAMU, HATAHO HAYKOBY HOBN3HY Ta C(i)OpMy.HBOBaHO



MIPAKTUYHY 3HAYYLIICTh OTPMMAHUX PE3YyJIbTATIB. Y MEPLUIOMY PO31iJli IPOBENEHO aHali3 HAyKOBO-TEXHIYHOI
JliTepaTypu 00 CYYaCHUX METOZiB POPMYBaHHS METAJIOKCUAHUX [IOKPUTTIB, [IOIINPEHUX €JIEKTPOJIITiB Ta
PEKUMIB €JIEKTPOJIi3Y, T4 BIACTUBOCTEN XPOMBMICHUX ITIOKPUTTIB. BUCBIT/IEHO IEPCIIEKTUBY X BAKOPUCTAHHS Y
Cy4YaCHUX rajly3six IPOMUCJIOBOCTI. [TpoaHani3oBaHO NMepCNEeKTUBHI HAIIPSIMKU MO M(PiKYyBaHHS XPOMOKCUIHUX
[IOKPUTTIB HA HEPXKABIIOUMX CTaJIAX. Y IPYTOMY PO3Jii HABEAEHO ONMC MaTepiajiB, METOOUKY ITPOBEEHHS
IOCJTiKeHb i3 3a3HaYeHHsIM HeOoOXiHOI TeXHIUHOI anapatypu. Y TpeTbOMY pO3/iji IpecTaBieHi pe3yabTaTu
OOIpyHTYBaHHS Ta Mogu@ikalii CkafiB €J€KTPOJIITIB Ta PEXUMIB €JIEKTPOXiMIiUHOTO CUHTE3Y XPOMOKCUAHUX
NMOKpUTTiB Ha cTaiti 08X18H10 Ta ekcriepruMeHTaNIbHO NOCAITKEHO MOP(OIIOTiio, CTPYKTYPY Ta €JIeMEHTHUIN CKJIaf
OTPUMAaHUX IIOKPUTTIB. Y JaHOMY PO37iJi BUCBIT/IEHI HACTYIHI pe3yabTaTU: - eKCIIEPUMEHTATIbHO OGIPYHTOBAHO
BUOip KOMIIOHEHTIB €JIEKTPOJIITiB Ta PEXXKUMIB €JIEKTPOJIi3Y 11 (POPMYBaHHS XPOMOKCUIHUX [TOKPUTTIB HA CTaJIi; -
OTPUMaHi pe3yJIbTaTH JOCIiI>)KeHHsI MOPQOJIOTii I0Ka3yloTh, IO CTPYKTYPa XPOMOKCHUIHUX TOKPUTTIB, OTPMMAHUX
3 €JIeKTPOJIiTiB, MogudikoBanux SiO20nH20, e kpucTaniyHo. [1pu 36inbmenHi KoHueHTpauii SiO2o0nH20 B
€JIEKTPOJIITi, [I0BEPXHsI [IOKPUTTSI CTa€ Oiblll PIBHOMIpHOIO Ta 6e3 TpilmuH. JlaHi eleMeHTHOTO aHasli3y BKasyloTh,
110 ITIOKPUTTS CKJIAJAIOTLCS NIEPEBAKHO 3 XpOMy Ta OKCUTEHY, a TAKOX MiICTATh CUIIILIA B HEBEJIMKUX KiJIBKOCTAX
(0,17-1,09 mac.%). EDX-mapping 1eMOHCTpy€e piBHOMIPHUI PO3NO/iJ LIUX €JIEMEHTIB 110 [TIOBEPXHI TOKPUTTIB; -
mocinkeHHs: MopdoJiorii XxpOMOKCUAHUX TIOKPUTTIB, OTPUMaHNX B YMOBax HECTAllilOHApHOTO eJIEKTPOJIi3y,
IoKasaJy, 10 TPUBAJICTh [1ay3U HANPsIMY BIJIMBA€E HA CTPYKTYPY MOKPUTTIB. 36i/bLII€HHS TPUBAJIOCTI Nay3u Bif,
0,25 ¢ 1o 1 ¢ 3yMOBJIIO€ TIepexis CTPYKTypH 3 KPUCTAJIIYHO]I [0 TTI00YJISIPHOI Ta «Iry64acToi». YCi HOKPUTTS
CKJIaJal0ThCs 3 XpoMy Ta OKCUTEHY B Pi3HOMY MAaCOBOMY CIIiBBiHOLIEHHI. TaKOX 31 3pOCTaHHSIM TPUBAJIOCTI [1ay3u
301/IbLIYIOTHCS. PO3MIPH TPIlMH Ha IIOBEPXHi CHOPMOBAHUX ITOKPUTTIB; - €KCIIEpUMEHTAaJIbHE [IOCIiI>)KeHHS! BIIUBY
aMIIITYJU TYCTUHY CTPYMY IOKa3any, mwo npu 90 A/nmM2 copmoBaHi Ha IOBEPXHIi CTaJli IOKPUTTSI € PiHOMipHUMH,
OHOpigHMUMU Ta 6e3 BifapoByBaHb. SHKEHHS 3Ha4eHHs aMItiTyau 1o 30 A/nm2 a6o 36inbueHHs 1o 130 A /gm2
€ IIPUYMHOIO PO3TPiCKYBaHHS Ta BiAlIapOBYBAHHS ITIOKPUTTIB I10 FPAHULAM TPIlMH. YeTBepTUM po3Lin
MIPUCBSAYEHUN HOCTIIKeHHIO Di3UKO-XiMIUHMX BJIACTUBOCTEN XPOMOKCUIHUX MTOKPUTTIB Ha cTasti 08X18H10 Ha
OCHOBI [IPOBEIEHHS HATYPHUX €KCIIEPUMEHTIB. OTPUMaHO HACTYIIHI pe3yJIbTaTU: - €KCIIEPUMEHTAIbHO BU3HAYEHO,
o moaudikanis enexkrposity SiO20nH20 cnipusie popmyBaHHIO XPOMOKCUHMX IIOKPUTTIB HA HEpyKaBiloviil cTaili,
sIKi 3a0€31e4yI0Th 3aXMCHI BJIACTUBOCTI y XJIOPUAHUX CEPENOBUILAX. —~ OTPUMaHi OTEHLi0OAMHAMIYHI 3aJ1€5KHOCTI
Hep>KaBilouoi crasi 6e3 Ta i3 XxpOMOKCUIHUMHU IOKPUTTSIMU [TOKa3yI0Th, 0 cTasnb 08X18H10 y xnopugHux
CepeloBUIIAX CXUJIbHA 10 MITUHTOYTBOPEHHS, PO L0 TEX CBiI4aTh MiKpodoTorpadii noBepxHi nics
BUIIPOOYBaHb. XPOMOKCHUIHI IOKPUTTS 3HAYHO MiJIBULIYIOTh MITUHIOCTIMKICTh CIJIaBY, TUM CaMUM 3206€3Ie4y0dn
HaJiiHUI 3aXUCT B arPECUBHUX cepefloBulax. BusHaueHo, 3a pe3ysbTaTaMU JOCIiKEeHb, 1110 HANOiIbII BUCOKY
MITUHTOCTINKICTh MA€ CTaJb i3 XpOMOKCUTHUM MOKPUTTSM, OTPUMaHUM 3 MonudikoBaHoro 0,05 Mob /1
SiO20nH20; - BcTaHOBIEHO, 10 MOAM(iKallisi XxPOMOKCUAHUX IIOKPUTTIB IIPU3BOAUTH [I0 3HUKEHHS iX AedeKTHOCTI
Ta MiIBUILIEHHS 3aXMCHUX BJIaCTUBOCTEH, 110 MiTBEPIKYETHCS Pe3ysibTaTaMU KOPO3iHUX BUIIPOOYBaHb; -
BCTAHOBJIEHO, L]0 HAHECEHHSI XPOMOKCUIHUX ITOKPUTTIB Ha cTasb 08X18H10 nmigsuinye ii CTiMKICTb TP BUCOKUX
temnepatypax (600-10000) i mBuKicTh KOPO3ii 3HKYeTbCS B 3-5 paziB. ¥ M'aToMy po3zisi 3arponoHoBaHi
YIOCKOHAJIeH] KapTy TE€XHOJIOTIYHUX TpoleciB GOpMyBaHHS XPOMOKCUIHUX IOKPUTTIB Ha ctazni 08X18H10, BkazaHo

OCHOBHI Ta JOIOMDKHI onepaliii, CKylaii €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
Si02onH20 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 SiO2o0nH2O 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
SiO2onH20 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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