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1. 3axucT Bim KOpo3sii Ternys006MiHHOTO 06IafHaHHS B yMOBAaX HAKUIIOYTBOPEHHSI i3 3aCTOCYBaHHSIM YJIbTPa3ByKOBOI

00po6KHU

2. Corrosion protection of heat exchanging equipment is scaling conditions with the application of ultrasound

treatment

Pedepar:

1. Inceprauiiina po60Ta IpucBsIYeHa JOCiIKeHHIO IIpolieciB KOpoaii cTajli B yMOBax TelJIO0OMiHy, BIUIUBY Ha Liei
npoliec KapOOHATHUX OCaZiB Ta YIbTPa3BYKy, PO3POOLi METOiB 3HMXEHHS MIBUIKOCTI KOPO3ii Ta NigBUIEHHS

e eKTUBHOCTI Tenn000MiHy. [TokasaHo, O Mif, Ai€l0 YIbTPa3ByKy BilOyBA€THCS TOCUJIEHHS IPOTUKOPO3iHNX
BJIACTMBOCTEY KapOOHATHUX OCaJliB HAa TEIJIOOOMiHHIN ITOBEPXHi. Tak, Ipyu aMIIiTyi KOJINBaHb
MarHiTOCTPUKLIiHOIO BUIIPOMiHIOBaYa 1,5 MKM 3aXUCHMI L1ap HaKUILy, 32 SIKOTO MIBUJIKICTb KOPO3ii He nepesullye
0,05 MM /PpiK, GpopMyeThCs y 2 pa3u WIBUALIE i Ma€e B 2 pa3u MEHUIY TOBIIMHY Ta 6iblly HIiNbHICTS. [TigBUIIEHHS
IIPOTMKOPO3ifHOTO 3aXUCTY i OJJHOYACHE 30iJIbIIEHHS TEIJIONPOBIAHOCTI HAKUITY 3yMOBJIEHI 3MEHIIEHHSIM

TOBIIMHY ¥ MiIBULIIEHHSIM LIiJILHOCTI 0caly KapO6oHaTy Kasbliiio. [Ipyr 06po61ii 1oBepxHi yIbTPa3ByKOM BHACIIIJIOK



Pi3HOI aMIUITYAY KOJIMBaHb HAKMWITY Ta CTaJli B OCaJi BAHMKAIOTh TPILWHY, SIKi BEAYTh 0O BiJKOJYy TOBCTUX LIapiB
HakuIly. B micui BigKosy BHaC/lIiIOK Aii yIbTPa3ByKy 3a/IMLIIAETHCS TOHKUH AP IPIOHMUX KPUCTAJIIB, 110 3aXUIAE
IIOBEPXHIO Bifl KOPO3ii. 3aCTOCYBaHHS y/IbTPa3ByKOBUX allapaTiB B IPOMUCIIOBOCTI O3BOJIUJIO 30i/IbIIATH
KoedilieHT Temionepeaayi TpyouaTx TEMI00OMIHHUKIB Oisblie sIK HA 40%. 3aCTOCYBaHHSI OTPUMAHUX PE3YJbTaTiB
IOCJIiIPKEeHHS 3 MoaudiKallii HAKUITHUX MAapPiB yIbTPa3ByKOM JO3BOJIUTh KOMIIJIEKCHO BUPIMINUTY IPOGIEMU
nepeyacHoOro BUXoAy 06J1alHaHH 3 JIa/ly Ta IEPEBUTPATU €HEPrOHOCIiB, 110 MaTUMe 3HAYHUI [TO3UTHUBHUIN €(EKT

Ha 30epeXXeHHs MeTallo(POHly KpaiHy Bifl KOpPO3ii Ta EKOHOMIIO €eHEPreTUYHUX PECYPCiB KpaiHu.

2. The dissertation is devoted to research of processes of corrosion of steel in the conditions of heat transfer,
influence on this process of carbonate sediments and ultrasound, development of methods for reducing the rate of
corrosion and increasing the efficiency of heat transfer. Influence of the ultrasound intensity (28 kHz, 1.107.5

W /cm2) on CaCO3 nucleation-growth on the surface of a cylinder mild steel electrode rotating at 500 rpm was
studied. The deposition kinetics was analyzed by chronoamperometry; the calcareous layer was characterized by
gravimmetry, scanning electron microscopy and XRD. The water hardness was found to determine the
crystallization kinetics of calcium carbonate influencing both the deposition rate and crystal morphology, so that a
porous layer of vaterite was formed in soft water and highly protective calcite scale was built up in hard water.
While temperature accelerates crystallization, faster crystallization leads to the formation of a more porous layer
with vaterite inclusions due to limitations in calcium supply. Ultrasound accelerates formation of a calcite at
intensities lower than 2.23 W /cm2. At higher ultrasound intensities, a significant change in carbonate
crystallization occurs. Insufficient calcium concentration in the pre-electrode layer promotes formation of vaterite
crystals in the growing calcite layer increasing porosity and scaling time. Application of ultrasound to calcium
carbonate crystallization in tap water affects nucleation sites density, mass-transport rate and cavitation erosion
of the deposits. Lower intensity ultrasound reduces scale porosity and area density by increasing nucleation site
density and accelerating the mass transport. Higher intensity ultrasound promotes cavitation erosion of the
formed layer, thus cleaning the surface from the scale. A scale layer with the highest blocking properties formed
under applied ultrasound intensity of 1.9 W/cm2. The ultrasound doubled crystallization rate, reduced the scale
porosity 5 times and halved its area density comparing to non-sonicated conditions. By the method of polarization
curves, it was established that the course of corrosion process on steel practically does not change under the layer
of scale both under the influence of ultrasound and without. Thus, the method of polarization resistance can be
applied to determine the protective properties of the scum layer in the process of its formation and influence on
this process of ultrasound. The corrosion rate variations with scale thickness, scale deposition time and solution
composition are measured using linear polarization resistance technique. The deposited scale was formed of
calcite crystals of 50-100 om as was established with SEM and XRD. The scale layer of 0.2 mm formed in tap water
within 90 hours reduces the steel corrosion rate from 0.8 to 0.1 mm /year and serves as a barrier layer to prevent
further corrosion. Increasing the corrosion protection and simultaneously increasing the thermal conductivity of
the scale are caused by one fundamentally conjugated group of factors - a decrease in thickness and an increase in
the density of calcium carbonate sediment, due to the higher thermal conductivity of the crystalline phases, the
increase in thermal conductivity is increased to a greater extent than only due to a decrease in thickness. The
coherence of these factors leads to the obligatory reliability of the proposed method of increasing anticorrosion
protection when increasing the efficiency of the heat exchanger apparatus. When surface is processed by
ultrasound due to different amplitude of fluctuations of scale and steel in the siege there are cracks, which, with
prolonged repetition of oscillations, lead to a rejection of thick layers of scale. In the place of the crack, due to the
ultrasound, a thin layer of small crystals remains, which creates a reliable barrier for oxygen access and protects
the surface from corrosion. The application of ultrasonic devices in the industry has allowed to increase the heat
transfer coefficient of tubular heat exchangers by more than 40%. Estimated payback period of ultrasonic devices
is 2 months. Cost savings are achieved by increasing the heat transfer coefficient, increasing the efficiency of the
boiler and reducing the cost of pumping water due to increasing the through-passage of the heat exchanger
channels. The application of the results of the study on the modification of carbonate layers by ultrasound to
protect the heat exchange equipment from corrosion and improve heat transfer will allow solving the problem of



premature failure of equipment and energy overrun, which will have a significant positive effect on the
preservation of the national metal fund from corrosion and the economy of the national energy resources.
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