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Synopsis

Steels are susceptible to surface- and sub-surface-related degradations (e.g., corrosion
and wear) depending upon the working environment; however, desired properties
can resolve these issues. Low alloy steels like ASME SA 387 Gr22 CI2 are used for
structural applications exposed to extreme environmental conditions such as high-
temperature corrosive and erosive environments in the petrochemical industry, tur-
bomachinery, chemical reactors, and nuclear industry. These extreme environmental
conditions severely affect the performance of critical components. To mitigate the
impacts of erosion and corrosion, a novel bilayer coating system comprising of alu-
mina (Al,O3)-based coating (the primary layer), and silica-zinc oxide (Si0y — ZnO)
nano core-shell incorporated PU-based coatings (secondary topmost layer) were also
developed for DMR 249A steel. The high-velocity oxygen-fuel (HVOF) technique
was used to fabricate the alumina-based coatings, whereas the hand lay-up process
was used to develop polyurethane (PU) based coatings. The coating material chosen
comprises ceria (CeOs) and hexagonal boron nitride (hBN) as the reinforcements.
The physical characteristics of the coatings are recorded in terms of density mea-
surement, thermogravimetric analysis (TGA), and surface wettability analysis. The
hardness and elastic modulus of the coatings are estimated at room temperature
using nanoindentation and microhardness at high temperature (400°C) using Vick-
ers hardness tests. Metallurgical characterization and eroded surface analysis are
done using Scanning electron microscopy (SEM), Field emission scanning electron

microscopy (FESEM), Transmission electron microscopy (TEM), Energy dispersive



X-ray spectroscopy (EDS), Raman spectroscopy, and X-ray diffraction (XRD). High
temperature (400°C) erosion performance of the coatings is recorded using a solid
particle Air-jet erosion tester. The Corrosion performance of the coatings is an-
alyzed using the potentiodynamic polarization technique and electrical impedance
spectroscopy (EIS). Improvements in the mechanical properties and erosive wear

resistance of the hybrid coating are attributed to microstructural changes and the

, and g—5 are used to develop the

H

generation of new phases. The values of %, =

mechanistic understanding of coatings’ erosion behavior. Significant improvement
in hot erosion performance (Erosion reduction ~ 96% at 30° and ~ 63% at 90°)
and corrosion resistance (=~ 92% reduction in corrosion rate) is recorded for the
coating reinforced with 0.8 wt.% ceria (CeO,) and 3 wt.% hexagonal boron nitride
hBN as compared to the bare steel. A detailed investigation is also carried out
starting with analyzing the corrosion initially, followed by the slurry erosion pro-
cess. The C-A8C6h coating exhibited the least current density (5.96x107%A.cm™2)
and highest potential value (-0.71 V), and C-A showed the highest current density
(9.74x107°A.cm~?) and the corresponding potential of -0.83 V. Erosion decrements
of &~ 90% at 30° impact angle and ~ 76% at 90° impact angles were observed
for C-A8C3h coating when compared to the substrate in the saline environments.
The improved erosive and corrosive characteristics of the coatings are attributed to
the refined microstructural aspects, in-situ generation of hard second phases, and
induction of hydrophobicity in the composite structure. Compared to bare steel,

the PU coating doped with 4 wt.% SiO2-ZnO nano core-shell particles exhibited a



tremendous increase in erosion performance (Erosion reduction ~ 100% at 30° and
~ 99% at 90°) and corrosion resistance (=~ 92% reduction in corrosion rate). Bilayer
coating configuration with enhanced microstructural characteristics and induction
of hydrophobicity in the coatings is attributed to the increased erosion and corrosion

resistance of the coatings.



R
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3t qaiaRuig uRfRufadl & WU # S ard WRaHTd® ST Ueidbied 39T,
I A TemRe 3R eRUIGTR} aTdraryl, IMAAS RUdeR, 3R URATY] ITNT, T At
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