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Editorial

In oil production plants, many cases of extensive
corrosion have occurred in production tubing, valves, and
in flow lines from the wellhead to the processing
equipment. The reason for this is that oil and gas from the
well contain varying amounts of water, which can be
precipitated as a separate phase in contact with the
material surface, and that this water contains gases such
as COz and possibly H:S, as well as salts [1].
Nanocrystalline metals and alloys have revealed much
improved performance and, in some cases, unique
properties over conventional materials with the same
chemical composition. Increased hardness, improved
corrosion and wear resistance, lower coefficients of
friction and enhanced solid solubility make
nanostructured metals and alloys ideal candidates for
many industrial applications. The investigation of the
corrosion behavior of nanocrystalline materials has
attracted considerable attention so as to enable better
understanding of their structural and chemical
characteristics. The reported results seem to suggest that
the effect of nano-crystallization on corrosion
performance is neither uniform nor definite, but varies
according to the nature of the material and environment.
A possible reason for such variation may be that the
corrosion properties of nanocrystalline materials depend
on the actual structures of the nanocrystalline phases
prepared by different techniques [2]. However,
nanotechnology has been utilized in endowing the steel
bulk materials with excellent corrosion resistance and
other enhanced properties, mainly by refining their
crystal grains to the nanometer scale. The steel substrate
with a nano-phased grain structure tends to have less
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defects or inhomogenities where corrosion attack
traditionally initiates and/or propagates [3]. However,
nano-crystallization is reported to often result in
improved corrosion resistance [4-6].

Another significant role for nanomaterials in the field of
corrosion control is nano-coatings. In recent years, there
has been an overwhelming interest in the production and
widespread utilization of multifunctional, nanostructured
coatings by various industries [7-9]. Specifically,
increasing demands for greater power density, more
compact design, better reliability, lower fuel and material
consumption in numerous advanced tribological systems
have increasingly necessitated the use of such coatings to
achieve greater performance, longer durability, and high
efficiency. For numerous applications, nanostructured
coatings can make a huge positive impact [10-12].
Because of their superior mechanical properties (in
particular, super hardness and super toughness) and high
chemical inertness, these coatings can significantly lower
friction a wear losses and at the same time increase
resistance to fatigue, erosion, and corrosion, which have
increasingly become the life-limiting factors for
mechanical components in many industrial applications.
Such coatings can also provide greater resistance to
contact deformation and damage during heavily loaded
rolling or rotating contacts [13]. Their isotropic,
nanocrystalline structure may provide higher load-
carrying capacity, greater fracture toughness, and hence
better resistance crack initiation and growth under both
normal and tangential loads [14]. One of most important
nanostructured coatings is Nanocomposite Coating.
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Generally, Nanocomposite materials are formed by mixing
two or more dissimilar materials at the nanoscale in order
to control and develop new and improved structures and
properties. A nanocomposite coating comprises of at least
two phases: a nanocrystalline phase and an amorphous
phase, or two nanocrystalline phases [15]. The properties
of nanocomposites depend not only upon the individual
components used but also upon the morphology and the
interfacial characteristics. Nanocomposite coatings and
materials are among the most exciting and fastest
growing areas of research; with new materials being
continually developed which often exhibit novel
properties that are absent in the constituent materials.
Nanocomposite coatings therefore offer enormous
potential for new applications including: aerospace,
automotive, electronics, biomedical implants, non-linear
optics, mechanically reinforced lightweight materials,
sensors, nano-wires, batteries, bioceramics, energy
conversion and many others [16]. Recent experimental
studies have shown that some of the key advantages of
nanocomposite coatings over conventional coatings for
tribological applications are superior mechanical
hardness, resilience and toughness, high resistance to
fatigue, oxidation, and corrosion, lower friction, and eater
tendency to produce lubricious tribofilms on dry or
marginally lubricated sliding surfaces [17,18]. Significant
problem has been facing the corrosion engineers which is;
due to routine wear and tear, surface scratches and other
defects are generated in the paint film and micro-cracks
developed. These micro-cracks eventually lead to
macroscopic damage, which results in the coating losing
its aesthetic and protective functions. Corrosion
protection coatings are especially intolerant to crack
formation because cracks will expose the underlying
metal to corrosive environments, thereby shortening the
service life of the coating. Damage to coatings applied to
metal substrates can lead to catastrophic failure of the
structure because a very unfavorable anode (small area of
exposed metal surface) to cathode (large coated surface
area) ratio is established, resulting in rapid corrosion of
and eventual perforation of the metal. Hence,
nanostructure material’s engineering provide engineering
smart coatings that can release corrosion inhibitors on
demand when the coating is breached, stressed or an
electrical or mechanical control signal is applied to the
coating. The use of a self-healing coating will increase the
operational life of the coating and eliminate the need to
frequently repaint or replace damaged coatings. As a
result, huge cost savings can be realized with the
successful development of a self-healing coating due to:
(a) the increased service life of the painted object; (b) the
reduction of the raw materials and energy used to
produce the coating materials used for repainting; (c) the
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labor and materials needed to apply the repair paint; and
(d) the environmental costs and societal impact of
repainting (e.g, waste disposal, volatile organic
compounds, etc.). Most of these commercial self-healing
coatings are based on capsules imbedded in the polymer
matrix [19-21]. Nanotechnology has brought fundamental
changes to the methods of mitigating corrosion risk either
by enhancement of the inherent corrosion resistance and
performance of the metals and alloys ,or by reducing the
impact of corrosive environments through the alternation
of the metal/electrolyte interface by providing coatings
with superior abrasion resistance and good corrosion
resistance. However, the research in this domain is
ongoing and the interdisciplinary nature of
nanotechnology requires experts from a variety of
disciplines working together to produce viable and
applicable solutions.

References

1. Springer-Verlag (2004) Corrosion in Different
Environment. In: Bardal E (Ed), Corrosion and
protection. Engineering Materials and Processes,
Springer, London.

2. Wang SG, Shen CB, Long K, Zhang T, Wang FH, et al.
(2006) The Electrochemical Corrosion of Bulk
Nanocrystalline Ingot Iron in Acidic Sulfate Solution. |
Phys Chem B 110: 377-382.

3. Kolpakov SV, Parshin VA, Chekhovoi AN (2007)
Nanotechnology in the metallurgy of steel. Steel in
Translation 37(8): 716-721.

4. Wang XY, Li DY (2002) Mechanical and
electrochemical behavior of nanocrystalline surface of
304 stainless steel. Electrochim Acta 47(24): 3939-
3947,

5. Kwok CT, Cheng FT, Man HC, Ding WH (2006)
Corrosion characteristics of nanostructured layer on
316L stainless steel fabricated by cavitation-
annealing. Mater Lett 60(19): 2419-2422.

6. Zidoune M, Grosjean MH, Roue L, Huot ], Shulz R
(2004) Comparative study on the corrosion behavior
of milled and unmilled magnesium by electrochemical
impedance spectroscopy. Corros Sci 46(12): 3041-
3055.

7. Musil ] (2005) Nanostructured Hard Coatings, Kiuwer
Academic, New York pp: 1 - 46.

Copyright© Hamdy A.


https://link.springer.com/chapter/10.1007%2F978-1-85233-845-9_8
https://link.springer.com/chapter/10.1007%2F978-1-85233-845-9_8
https://link.springer.com/chapter/10.1007%2F978-1-85233-845-9_8
https://link.springer.com/chapter/10.1007%2F978-1-85233-845-9_8
http://pubs.acs.org/doi/10.1021/jp0538971
http://pubs.acs.org/doi/10.1021/jp0538971
http://pubs.acs.org/doi/10.1021/jp0538971
http://pubs.acs.org/doi/10.1021/jp0538971
https://link.springer.com/article/10.3103/S0967091207080177
https://link.springer.com/article/10.3103/S0967091207080177
https://link.springer.com/article/10.3103/S0967091207080177
http://www.sciencedirect.com/science/article/pii/S0013468602003651#!
http://www.sciencedirect.com/science/article/pii/S0013468602003651#!
http://www.sciencedirect.com/science/article/pii/S0013468602003651#!
http://www.sciencedirect.com/science/article/pii/S0013468602003651#!
http://www.sciencedirect.com/science/article/pii/S0167577X06000504
http://www.sciencedirect.com/science/article/pii/S0167577X06000504
http://www.sciencedirect.com/science/article/pii/S0167577X06000504
http://www.sciencedirect.com/science/article/pii/S0167577X06000504
http://www.sciencedirect.com/science/article/pii/S0010938X04000940
http://www.sciencedirect.com/science/article/pii/S0010938X04000940
http://www.sciencedirect.com/science/article/pii/S0010938X04000940
http://www.sciencedirect.com/science/article/pii/S0010938X04000940
http://www.sciencedirect.com/science/article/pii/S0010938X04000940

10.

11.

12.

13.

14.

15.

Petroleum & Petrochemical Engineering Journal

Veprek S (2004) Superhard nanocomposites: design
concept, properties, present and future industrial
applications. Eur Phys ] App Phys 28: 313-317.

Donnet C, Erdemir A (2004) Historical developments
and new trends in tribological and solid lubricant
coatings. Surf Coat Technol 180-181: 76-84.

Zhang S, Sun D, Fu Y, Dii H (2003) Recent advances of
superhard nanocomposite coatings: a review Surf
Coat Technol 167(2-3): 113-1109.

Holubar P, Jilek M, Sima M (2000) Present and
possible future applications of super hard
nanocomposite coatings. Surf Coat Technol 133-134:
145-151.

Erdemir A (2005) Tribol mt 38: 249-256.

Chen YH, Polonsky 1A, Chung YW, Keer LM (2002)
Tribological properties and rolling-contact-fatigue
lives of TiN/SiNx multilayer coatings. Surf Coat
Technol 154(2-3): 152-161.

Leyland A, Matthews A (2000) On the significance of
the H/E ratio in wear control: a nanocomposite
coating approach to optimised tribological behaviour.
Wear 246(1-2): 1-11.

Schurmann U, Hartung W, Takele H, Zaporojtchenko
V, Faupel F (2005) Controlled syntheses of Ag-

16.

17.

18.

19.

20.

21.

Hamdy A. Nanomaterials as Innovative Technology for Corrosion Control in
Petroleum Fields. Pet Petro Chem Eng] 2017, 1(4): 000132.

polytetrafluoroethylene nanocomposite thin films by
co-sputtering from two magnetron sources.
Nanotechnology 16: 1078-1082.

Pomogailo AD, Kestelma V (2005) Metallopolymer

Nanocomposites. Vol(81), Springer, Berlin,
Heidelberg.
Ajayan PM, Schadler LS, Braun PV (2003)

Nanoconposite Science and Technology. WileyVCH-
Verlag GmbH, Weinheirn, Germany.

Nalwa HS (2003) Handbook of Organic-Inorganic
Hybrid Materials and Nanocomposites. Vol(1-2),
American Scientific Publishers Stevenson Ranch, CA,
USA, pp: 810.

Maia F, Tedim ], Lisenkov AD, Salak AN, Zheludkevich
ML, et al. (2012) Silica nanocontainers for active
corrosion protection. Nanoscale 4: 1287-1298.

Cho SH, White SR, Braun PV (2009) Self-Healing
Polymer Coatings. Adv Mater 21(6): 645-649.

Zheludkevich ML, Poznyak SK, Rodrigues LM, Raps D,
Hack T (2010) Active protection coatings with
layered double hydroxide nanocontainers of
corrosion inhibitor. Corrosion Science 52 (2): 602-
611.

Copyright© Hamdy A.


https://www.epjap.org/articles/epjap/abs/2004/10/ap03221/ap03221.html
https://www.epjap.org/articles/epjap/abs/2004/10/ap03221/ap03221.html
https://www.epjap.org/articles/epjap/abs/2004/10/ap03221/ap03221.html
http://www.sciencedirect.com/science/article/pii/S025789720301154X
http://www.sciencedirect.com/science/article/pii/S025789720301154X
http://www.sciencedirect.com/science/article/pii/S025789720301154X
http://www.sciencedirect.com/science/article/pii/S0257897202009039
http://www.sciencedirect.com/science/article/pii/S0257897202009039
http://www.sciencedirect.com/science/article/pii/S0257897202009039
http://www.sciencedirect.com/science/article/pii/S0257897200009567
http://www.sciencedirect.com/science/article/pii/S0257897200009567
http://www.sciencedirect.com/science/article/pii/S0257897200009567
http://www.sciencedirect.com/science/article/pii/S0257897200009567
http://www.sciencedirect.com/science/article/pii/S0257897202000221
http://www.sciencedirect.com/science/article/pii/S0257897202000221
http://www.sciencedirect.com/science/article/pii/S0257897202000221
http://www.sciencedirect.com/science/article/pii/S0257897202000221
https://www.sciencedirect.com/science/article/pii/S0043164800004889
https://www.sciencedirect.com/science/article/pii/S0043164800004889
https://www.sciencedirect.com/science/article/pii/S0043164800004889
https://www.sciencedirect.com/science/article/pii/S0043164800004889
http://iopscience.iop.org/article/10.1088/0957-4484/16/8/014
http://iopscience.iop.org/article/10.1088/0957-4484/16/8/014
http://iopscience.iop.org/article/10.1088/0957-4484/16/8/014
http://iopscience.iop.org/article/10.1088/0957-4484/16/8/014
http://iopscience.iop.org/article/10.1088/0957-4484/16/8/014
https://link.springer.com/book/10.1007/b137740#authorsandaffiliationsbook
https://link.springer.com/book/10.1007/b137740#authorsandaffiliationsbook
https://link.springer.com/book/10.1007/b137740#authorsandaffiliationsbook
http://onlinelibrary.wiley.com/book/10.1002/3527602127
http://onlinelibrary.wiley.com/book/10.1002/3527602127
http://onlinelibrary.wiley.com/book/10.1002/3527602127
http://www.aspbs.com/hybrid.html
http://www.aspbs.com/hybrid.html
http://www.aspbs.com/hybrid.html
http://www.aspbs.com/hybrid.html
http://pubs.rsc.org/en/content/articlelanding/2012/nr/c2nr11536k#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2012/nr/c2nr11536k#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2012/nr/c2nr11536k#!divAbstract
http://onlinelibrary.wiley.com/doi/10.1002/adma.200802008/full
http://onlinelibrary.wiley.com/doi/10.1002/adma.200802008/full
http://www.sciencedirect.com/science/article/pii/S0010938X09005034
http://www.sciencedirect.com/science/article/pii/S0010938X09005034
http://www.sciencedirect.com/science/article/pii/S0010938X09005034
http://www.sciencedirect.com/science/article/pii/S0010938X09005034
http://www.sciencedirect.com/science/article/pii/S0010938X09005034

