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Abstract - Oxidation of metals and alloys took place when they
are heated to elevated temperatures in air or highly oxidising
environments. Further, for elevated-temperature service the
effect of incorporation of Carbon Nano Tubes (CNTs) into
various alloy powder coatings on the morphology of the
coating surface and corrosion properties has been a topic of
technology concern. The present piece of work describes the
effect of CNT inclusion in Al,O; coatings deposited on various
boiler steels. In many cases it is found that porosity is an
important factor on the coating surface. Knowledge about the
extent of these porosity imperfections is critical since they
influence a wide range of spray coated properties and
behaviors.The aim of this investigation is to find out the range
of porosity of the coatings after CNT is added in the alloy
powder.
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I. INTRODUCTION

Surface engineering is the range of technologies that modify
the surface of a component to improve its performance
characteristics whether it is wear & corrosion resistance or
something else. Coatings can be applied to surfaces to
improve the surface characteristics over those of the bulk
properties and are widely used in tribological applications
[1]. Oxidation of metals and alloys took place when they are
heated to elevated temperatures in air or highly oxidising
environments [2].

Plasma surfacing is an excellent technology in high-
performance coating applications ranging from aerospace
industry to biomedical industry. Thermal spraying process
implements a wide variety of materials (metal, ceramic,
alloy and its composite) and processes (atmospheric plasma
spraying, vacuum plasma spraying, etc.) for improving
surface properties. The conventional plasma-spraying
process is commonly referred to as air or atmospheric
plasma spraying (APS). To generate plasma, an inert gas
typically argon/argon + hydrogen mixture is superheated by
a DC arc. Plasma temperatures range from approximately
6000°C to 15000C in the power heating region, which are
significantly above the melting point of any known material
[24]. The powder mixture of carbon nano tubes and Al203
alloy powder in different compositions (size from 40+10um)
injected into a high-temperature plasma flame which is then
rapidly heated and accelerated to a very high velocity by the
plasma flame impacts the surface of the substrate material in
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the form of molten or semi molten state and very quickly
cools to form a high-quality coating.

Nanotechnology nowadays is one of the most important
trends in science, perceived as one of the key technologies
of the present century. It has vast applications in industrial
manufacturing processes, in the introduction of advance
materials. In 1991, Sumio Iijima [5] reported the preparation
of a new type of finite carbon structures. These carbon
needles were made of coaxial graphitic tubes (up to about
50) ranging from 4 to 30 nm diameter, up to 1m in length
and invariably closed at both ends (Fig. 1 shows the electron
micrographs of the microtubules of graphitic carbon

obtained in this work) [6].
e
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Fig. 1 Electron micrographs of “microtubules of graphitic carbon” obtained
in the first report of CNTs. Parallel dark lines correspond to the (0 0 2)
lattice images of graphite. A cross-section of each tubule is illustrated. (a)
Tube consisting of five graphitic sheets, diameter 6.7 nm. (b) Two-sheet
tube, diameter 5.5 nm. (c) Sevensheet tube, diameter 6.5 nm, which has the
smallest hollow diameter (2.2 nm).

Reprinted from with permission from Nature Publishing
Group. [6] Carbon nanotubes (CNTs) are known to possess
exceptional mechanical properties, very high thermal
conductivity[7], high current carrying capacity[8]. Further
studies made by researchers [9] revealed that the CNTs—
Alloy powder composite coating, made on mild steel
substrate, possesses higher resistance to corrosion (more
than double, 42 hours as compared to 20 hours) when
compared to pure alloy powder coating. Chen et al. [10] also
reports that the metal surface possesses defects, cracks,
gaps, crevices and micro holes. More over this micro hole
behaves as active sites for dissolution of metal during
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corrosion. Nanoparticles i.e. CNTs can easily enter and fill
these gaps and act as physical barrier to the corrosion
process. Thus CNTs enhances the mechanical and
tribiological behavior of composites.

I1. OXIDATION OF METALS AND ALLOYS

Oxidation of metal is reaction between a metal and oxygen
gas and the total chemical equation is considered as,

aM +§O2 —->M,0,

It may seem to be the simplest chemical reaction. However,
the reaction mechanisms may prove to be more complex, as
the reaction path and oxidation behaviour of a metal depend
on a variety of factors.

III. EXPERIMENTATION AND POROSITY
EVALUATION

The micrographs have been taken at 20X value on a number
of locations. The micrographs has been captured on LEICA
microscope placed at IIT Ropar, Punjab.

(b)

(©
Fig. 2 Microstructures (a) T11 A1203 98.5% - CNT1.5% (b) T22 A1203
98.5% - CNT1.5% and (c) T91 AI203 98.5% - CNT1.5%
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Fig. 3 Microstructures (a) T11 Al203 98% - CNT 2% (b) T22 A1203 98%
- CNT 2% and (c) T91 AI203 98% - CNT 2%
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Fig. 4 Microstructures (a) T11 A1203 96% - CNT 4% (b) T22 Al1203 96%

- CNT 4% and (c) T91 A1203 96% - CNT 4% Fig. 5 Threshold selected for measuring porosity (a) T11 A1203 98.5% -

CNT1.5% (b) T22 A1203 98.5% - CNT1.5% and (c) T91 Al203 98.5% -
After the porosity value has been measured on Image CNT1.5%

Analyser. The threshold limit has been selected and the
porosity value has been taken at at least five points on the
same substrate to increase in accuracy of porosity value as
shown in figure.

(@)
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Fig. 6 Threshold selected for measuring porosity (a) T11 A1203 98% -
CNT 2% (b) T22 Al1203 98% - CNT 2% and (c) T91 A1203 98% - CNT
2%

(b)
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Fig. 7 Threshold selected for measuring porosity (a) T11 A1203 96% -
CNT 4% (b) T22 A1203 96% - CNT 4% and (c) T91 AI203 96% - CNT
4%

The average of the total reading taken has been calculated
for more accuracy. The porosity value is found to be as 3.69
approximately as shown in the table given.

TABLE 1 AVERAGE POROSITY VALUE OF ALUMINA COATING
WITH VARIOUS COMBINATIONS OF CARBON NANO TUBES

S. No. Material Porosity
1 T11 ALO; 98.5% - CNT1.5% 3.99
2 T11 ALO; 98% - CNT 2% 3.85
3 T11 ALO; 96% - CNT 4% 3.77
4 T22 ALLO; 98.5% - CNT1.5% 3.6
5 T22 ALO; 98% - CNT 2% 3.61
6 T22 ALLO5; 96% - CNT 4% 3.38
7 T91 ALO; 98.5% - CNT1.5% 3.48
8 T91 ALO; 98% - CNT 2% 3.62
9 T91 ALO5; 96% - CNT 4% 3.64

IV. STUDIES OF CNTS INCORPORATED ALLOY
POWDERS COATINGS

Experimental work made by Keshri et al. [22] showed that
thermal spray processes provides the possibility of
developing coatings of AL,O;—1.5 wt.% CNT on AISI 1020
steel. An increase of 15% in the microhardness value, 24%
in relative fracture toughness was observed with the addition
of 1.5 wt.% CNT in the reference coating (coating with
AlLO; powder without CNTs). Furhter Balani et al. [23]
reported an improvement of 49 times in the sliding wear
resistance by the addition of 8 wt.% CNT to Al,O;. Such
improvement was attributed to a uniform dispersion of
nanotubes, CNT bridging between the splats and enhanced
densification by CNTs.

Experimental results of the study made by Praveen et al. [9]
revealed that the CNTs—Zn composite coating, made on
mild steel substrate, possesses higher resistance to corrosion
(more than double, 42 hours as compared to 20 hours,
during salt spray corrosion testing) when compared to pure
zinc coating. CNTs inclusion reduces the porous nature of
pure zinc coating. Corrosion behavior of metal deposits



containing nano particles reports that the incorporation of
CNTs in the deposits improved the corrosion resistance.
Experimental results of the study made by Chen et al. [10]
revealed that the corrosion resistance for the CNTs— Ni
coating was seven times and three times as compared to the
bare and pure Ni coated samples. CNTs were embedded
deeply in the nickel grains, reinforcing the nickel layer, and
filled in crevices, gaps and micron holes[9]. CNTs act as
inert physical barriers to the initiation and development of
defect corrosion, modifying the microstructure of the nickel
layer and hence improving the corrosion resistance of the
coating.

V. CONCLUSION

The porosity measured for pure alumina coating powder
with plasma spray method has been observed as more than
4. But in the present case studied when the coating powder
has been prepared by mixing alumina with various
percentages of carbon nano tubes, the average porosity value
has been calculated as 3.69. It might be because the nano
tubes fill in the capillaries of pores and might have been
resulted for lower porosity than the earlier.
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