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An AA-7475 is coated with superhydrophobic (SH) polymer nanocomposites (PNCs), emphasizing the coating’s manufacturing,
characterization, and anticorrosive qualities. CoatingAA-7475 alloywith polyvinyl chloride (PVC), copper stearate (CS), and zirconium
oxide (ZrO2) nanoparticles produces the desired superhydrophobic. Using an X-ray diffractometer, field-emission scanning electron
microscopy, Fourier-transform infrared spectrometer, ZrO2 nanoparticles, CS, and PVC PNCs are analyzed structurally and molecu-
larly. The atomic force microscope picture was analyzed to determine how the surface roughness affected the SH behavior reached by
changing the weight percentage of ZrO2 nanoparticles from 0.6 to 3.0wt%. PNC-5 with 3.0wt% ZrO2 nanoparticles is used as resistance
to corrosion coating for AA-7475 due to its water contact angle of 154°. In a 3.5%NaCl solution, uncoated and PNC-5-coated AA-7475
are examined using potentiodynamic polarization and electrochemical spectroscopy. PNC-5 coating reduces AA-7475 corrosion rate
from 23.75 to 0.2253mpy. In this study, we use polarization resistance, corrosion resistance efficiency, double layer capacitance,
corrosion current density, and charge transfer resistance to demonstrate that the SH surface air trapping phenomena are responsible
for effective corrosion resistance.

1. Introduction

Except for the few noble metals, all other metals oxidize spon-
taneously in the atmosphere to reach a stable state, making
corrosion an inevitable part of their existence [1]. Atmospheric
moisture that makes its way to the surfaces of metallic struc-
tures promotes the creation of the necessary ions that ulti-
mately lead to the formation of the metal’s most stable oxide
[2, 3]. Climate change, thermal fluctuation (day and night),

environmental pollutants, and corrosive elements like acidic
or alkaline compounds all affect the corrosion process [4]. Still,
water molecules play the most important role. An oxide layer
formed by the spontaneous reaction of aluminumwith oxygen
and water in the air to produce aluminum oxide can protect
the metal against corrosion even in the presence of water [5].
Despite aluminum’s inertness in water, its oxide coating
quickly deteriorates upon contact with chloride ions [6, 7].
Corrosion of metals occurs when chloride ions penetrate the
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Metallized cold-spray coatings were employed to make B4C/AA7075 and aluminum+ plasma electrolytic oxidation (PEO) duplex
coatings on AZ64. In addition, the phase structure, mechanical characteristics, wear, and PEO ceramic coatings examine the
corrosion resistance. According to the findings, the PEO ceramic coating comprises α-aluminum oxide and γ-aluminum oxide,
with some remnants of B4C still being preserved. PEO ceramic coatings outperformed their corresponding CS counterparts
regarding mechanical characteristics and wear resistance. For example, the PEO-B4C coating achieved a hardness of 13.8GPa
and an elastic modulus of 185.5 GPa, which were 21.0% and 23.5%, respectively, more significant than the comparable values for
the coating with CS. The PEO-B4C coating was 58% and 15.7% less abrasive than the equivalent CS coating due to its lower wear
rate of 4.84× 10−5mm3/Nm and relatively lower of 0.64. The density of corrosion current in the PEO-treated B4C-AA7075 coating
(3.735× 106 A/cm2) is similar to the corrosion current density in the untreated CS coatings. Finally, compared to untreated CS
B4C-AA7075, the coating’s mechanical characteristics and wear resistance are considerably enhanced by the PEO treatment.

1. Introduction

Roughening components and low surface energy are com-
bined to form an SH surface with a water contact angle
(WCA) of more than 150° when PVC binder in THF solvent
is mixed with roughening components (referred to as

“superhydrophobic”) [1]. Since AZ91 alloys are not very
hard, corrosion resistant, and wear resistant, they are used
in high-stress technical applications [2, 3]. Material charac-
teristics improve by employing a wide variety of surface
engineering techniques. It is called CS, and it is a new way
to alter textures [4–6]. While still in solid, CS particles
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Abstract
In this study, the epoxy composites were made using  Si3N4 nanoparticle obtained from red matta rice husk ash and alu-
minised glass/pineapple hybrid fibre. The primary objective of this study was to develop lightweight structural composites 
for domestic infrastructure applications using biomass wastes. The epoxy composites were made using  Si3N4 nanoparticle 
of 0.5 to 4 vol% and hybridised fibre of 40 vol% by hand lay-up method. The mechanical, fatigue and low-velocity impact 
characteristics of the composites were evaluated as per ASTM standards. The results showed that, among the composites 
that had been produced, composites with 2 vol%  Si3N4 nanoparticle had the highest tensile, impact, flexural and hardness, 
measuring 168 MPa, 202 MPa, 6.2 J and 93 shore-D. Also, at 50% of UTS, the composite with the addition of 2 vol%  Si3N4 
nanoparticle had a better fatigue life count of about 36273. Similarly, the improved low-velocity impact strength of composite 
having 1 vol% of  Si3N4 nanoparticle has maximum energy absorption of 11.4 J. Moreover, with the insertion of stacked fibre 
and  Si3N4 nanoparticle, the epoxy composites have low combustion rate showing better flame-retardant behaviour. The results 
show that composites have been successfully produced for potential applications such as domestic infrastructure products 
like lightweight man-hole cover, hand rails, gratings, interior decoration panels, doors and windows.

Keywords Composites · Fibre · Nanoparticle · Mechanical · Fatigue · Flammability

1 Introduction

Composite material is made usually from two phases, i.e. 
reinforcement and matrix. Reinforcement works as load-
bearing member and the matrix work as stress transfer 
among reinforcement elements. Due to their extensive appli-
cation in the aerospace, automotive, construction and sport-
ing industries, fibres are firmly regarded as reinforcement 
element in composite materials where they bear the majority 
of the loading [1–3]. Due to their durability and affordable 
pricing, glass fibres (GF) are one of the most popular rein-
forcement materials [4–6]. Nowadays, lignocellulosic fibres 
have been used as a reinforcement material to produce a 
polymeric composite and are receiving a lot of attention in 
the place of glass or other synthetic fibres [7–10]. Mean-
while, it is economical, commonly available and a recurrent 
crop with very high potential mechanical properties such 
as lightweight, high tensile strength, high thermal stability, 
flame-retardant property and prominent stiffness. Among 
the lignocellulosic fibres, pineapple is the promising fibre 
to be used as a reinforcement material due its easy avail-
ability. In order to create the faux celling board composite, 
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Special issue article

Multi-criteria optimization of micro-hole on 
glass using developed µ-abrasive jet machine 
set-up

Vinod V. Vanmore1  and Uday A. Dabade1

Abstract

In non-traditional machining, micro-abrasive jet machining (MAJM) is a cost-effective machining process. MAJM has been used 

for fabricating electronic devices and microfluidic channels. This work has made an effort to utilize MAJM for glass. A new design 

and fabrication of the Laval type of nozzle have been proposed to improve machining accuracy. A nozzle is conceived to ensure 

specific characteristics of the mixture (compressed air and abrasive particles) pass through it. The abrasive particle force is 

converted to kinetic energy, increasing the mixture’s velocity. The cross-sectional area of the nozzle can be circular, rectangular, 

square, or oval. A circular cross-sectional nozzle has been developed for high velocity, precise etching, and patterning on difficult-

to-machine materials such as steel alloys. A circular cross-sectional micro-nozzle with a large aspect ratio is proposed, and the 

flow characteristics and cutting performance are examined precisely by the experiment. Efforts are being made to make machining 

processes sustainable, productive, and efficient. Here, the Taguchi-grey relational analysis integration approach has been used to 

analyze the machining parameters such as air pressure, stand-off distance, and abrasive mesh size (AMS). The top hole diameter, 

bottom hole diameter, material removal rate, and radial overcut are the response variables in this investigation. Analysis of 

variance (ANOVA) results showed that the AMS was the most efficient parameter, which followed the processing condition on 

the total input of the multi-purpose function. The reported optimized process parameters are air pressure of 8 bar, stand-off 

distance of 2 mm, and AMS mix (50%+100%) micron, which significantly affects the top and bottom micro-hole diameters.

Keywords

Micro-abrasive jet machining, Taguchi method, grey relational analysis, analysis of variance, radial over cut, material removal rate 
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Introduction

Nowadays, micro-abrasive jet machines (MAJM) have 

become very popular. It is used to perform mass production 

with low capital and operating costs.1 One of the main 

advantages includes instant through-holes in brittle materials 

without creating burrs on the surface.2 One of the best 

properties of glass is that it allows the selection of the best 

material for many applications.3 Glass is used in small-scale 

hardware ventures4 and semiconductors because it is 

biologically inactive and has optical properties.5−7 It is 

commonly used in the biochemistry and clinical fields, 

especially in the manufacturing of microfluidic devices.8 

Though glass is a strong material choice, the glass processing 

for various applications poses many challenges.9 MAJM is a 

new technology that demonstrates a huge potential for micro-

devices, particularly to create precise micro-holes, channels, 

and grooves for fluidic applications.10 However, to achieve 

better development in this technology, there should be a 

known and reliable relationship between input parameters 

and their desired output parameters, such as material removal 

rates (MRR) and dimensional shape accuracy, so that optimal 

process parameters can be predicted.

A number of studies have been carried out on the shape and 

size of the micro features on glass, polymers, and ceramics by 

MAJM. Yin et al.11 investigated machining on ceramic dental 

crowns using Al2O3 abrasive powder with different grit sizes. 

The standoff distance (SOD) is an imperative parameter for 

shape and size, along with MRR for creating holes.12 The MRR 

has been found to increase to a maximum with increasing SOD 
13 and decrease with further increasing SOD.14−15 It has been 

reported that computer simulation for erosion of particle 

impingement and reducing the SOD reduces the divergence of 

generated holes and improves dimensional accuracy. 

Balasubramaniam et al.16 examined the effects of jet particle 
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Abstract—Conventional vehicle fuel resources are 

encompassed with the jeopardy of being scarce; eventually 

exacerbating fuel prices. This high fuel prices further 

aggregate to elevate the total ownership cost and have led to an 

epiphany of national energy security. Further, the emission 

from conventional fuel combustion urges a need to cogitate 

about the already saddled environmental concerns. 

Alternatively, electric vehicles are looked upon as a potential 

option to conventional vehicles due to no tail-pipe emissions 

and low operating costs. However, if a complete life cycle is 

considered, an intuitive assumption that electric vehicles have 

no emissions and costs less can be a deception. Hence, the 

feasibility of electric vehicles as an option for conventional 

vehicles needs to be contemplated in economic and 

environmental aspects. This article presents the comparison 

between battery electric vehicles and conventional vehicles by 

performing a life cycle analysis (economic and environmental) 

in the Indian context. A Total Cost of Ownership (TCO) model 

is developed for financial analysis to depict the compatibility 

status of battery electric vehicles. The environmental analysis 

is conducted by using OpenLCA software based on ReCePi 

2016 method for all the impact categories at mid-point as well 

as end-point levels. The results reckon electric vehicles are 

costlier than conventional vehicles with current statistics and 

policies in India. However, by implementing certain optimizing 

parameters in sensitivity analysis, electric vehicles are found to 

have cost parity and even become more economical than 

conventional vehicles in some cases. The outcomes from 

environmental analysis unveil that the GHG emissions from 

battery electric vehicles are less than that from conventional 

vehicles. However, out of the 18 impact categories considered, 

battery electric vehicles have less impact in 10 categories and 

even have less impact score at the end-point level. 

Keywords— Battery electric vehicles, life cycle analysis, 

environmental concerns, total cost of ownership, battery electric 

vehicles environmental impacts  

I. INTRODUCTION 

The pursuit for mode shift towards carbon-neutral 
transportation is intensified, provoking the researchers across 
the globe to come up with better sustainable transport 
options. As a result umpteen electric vehicles are being 
witnessed by the global vehicle fleet. The omission of tail 
pipe emissions and achieving national energy security with 
the help of an alternative for conventional high-priced fuels 
are the drivers of electric vehicle’s bandwagon Petrauskiene 
et al.[1]. The debates regarding the sustainability, feasibility, 
techno-economic-environmental aspects of Electric Vehicles 
(EVs) have still not lead to any consensus among the EV’s 
research fraternity. It is still unclear whether electric vehicles 
would prove to be a credible alternative and if yes then under 
which situation? Kalghatgi [2] states complete adoption of 
electric vehicles would not be feasible by 2040 however 
hybrid electric vehicles will be a better option for the 
conventional fuelled vehicles. On the contrary, researchers 
Hauschild et al [3], favor electric vehicles as a better option 
on various grounds such as economic, technical and 
environmental.  

The Global EV Outlook report highlights the uneven 
uptake of electric vehicles is different parts of the globe [4]. 
Similarly, the barriers for uptake of battery electric vehicles 
(BEV), public opinion and policies to enhance the uptake of 
the electric vehicles across the world are brought forward by 
various literatures Lieven et al. [5], Heidrich et al. [6]. These 
literatures further highlight the common barriers for electric 
vehicles are economic aspect, lack of credible infrastructure 
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