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Nanomaterial applications for preventing metallic surfaces corrosion

Abstract

This review describes some nano-technological applications concerning
thercorrosion incidence and protection of steel pipelines mainly used in
thespetroleum sector. These application techniques play a major role in
producing anti-corrosion coatings which enhances (and enhancing)
metal durability with high abrasion and corrosion resistances towards
adwarse environmental conditions. In addition the review also
(demonstrates) describes the (many) advantages for employing nano-
materials in protecting metal and other materials’ surfaces.
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Intnoduction

Nane-compounds possess many advantages over their micrometer
scale counterparts. The main aspect of many applications of nano-
materials in industry is to highlight the desired advantages in the
product and to avoid the negatives. Efforts are undertaken to promote
theie effective utilization in the sector of corrosion control and
pratection [1]. The enhancement of materials performances in
different industrial areas can be done through employing these nano-
materials especially in an advanced coating [2]. More advanced studies
shausld be performed to confirm the use of nano-materials in the area
of rorrosion control and prevention and also to authenticate the
coreesion/oxidation performance of the nano-structured compounds.
Nowadays, the application of nano-compounds in corrosion control,
protection and prevention is of increasing interest to avoid the

deleterious problems in many industries [3]. The large economic
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impact of corrosion of metallic structures is very important for all
indesstrial societies. The cost of corrosion degradation estimates to
abaut 270 billion dollars/year in the United States of America and 200
billisn Euros/year in Europe. Both direct and indirect costs represent
theseannual cost of corrosion. Direct costs to provide corrosion
protection are related to construction, manufacturing and design, and
thesdndirect costs are dealing with maintenance, corrosion-related
inspection and repairs.

Eleetrochemical incidence of steel corrosion

Theiielectrochemical corrosion of steel occurs in nature and includes
mamy forms such as galvanic, pitting, de-alloying, erosion, uniform,
microbial influenced corrosion (MIC). The process of incidence of
eleactrochemical corrosion is summarized in the following equations:-

FE 45 FEZ 4+ 28  vceeeeeeeeeeeeseeseesee e e seenesaeene 1

2H4O +0;, +48 D> 4O0H  .oeecererieneeenenenns 2
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4Fed + 8OH = 4Fe(OH); oecevreeeerrenenens 4

4 FeqOH),+ 0, - 2Fe,0;. H,0 (Rust) ............ 5
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Adwantages of using nanotechnology to control steel corrosion

Maswy advantages were reported for protecting oil steel pipelines from
corsesion as described in the following points:-
14 Nanotechnology has been employed to enhance the inherent
55 corrosion resistance and performance of steel by achieving the
56 finely crystalline microstructure.
27 Some materials exhibit physical, chemical and biological unique
58 properties by modifying their chemical composition at the
59 nanometer-scale.
80 Nano-particles are smaller than the wavelength of visible light
61 range and consequently appear transparent to the human eye.
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42 Nano-particles produce an extra-ordinary high surface energy.

B3 Nano-technology reduces the potential for environmental
64 damage of materials during maintenance and installation
65 because they can be stronger per unit volume than conventional
66 one.

67 The physical property of nano-particles incorporated in a coating
68 gets altered without affecting the clarity.

@2 Nanostructure coatings have excellent adhesion and toughness
70 because their powders have grains less than 100nm in size,
71 which may be used to repair component parts instead of
72 replacing them.

8 Metallic surfaces coated with nano-materials help in the process
74 of super hardening.

9% The formation of nano-composite thin film coating on steel
76 minimize the impact of corrosive environment by changing of
77 the steel/ electrolyte interface.

19. The coating's nano-molecules improve long-term corrosion
79 protection by forming a durable covalent bond with metallic
80 molecules on steel surfaces.

41. The nano-coatings (NCoatgs) are stable at high degrees of
82 temperature up to 180°C.

42. The coating's nanomolecules form a smooth coating surface that
84 provides low fluid friction to flow oil and water and
85 consequently reduce oil pumping power losses and operation
86 costs.

43. NCoatgs produce lower film thickness (10-12 um) that ensures
88 stable dimensions.

44. NCoatgs produce long lasting ceramics and nano-thermoplastics
90 with unique abrasion and corrosion resistant properties.

45. NCoatgs can be applied on the aircraft's surfaces replacing the
92 halogenated fire-retardants by nano-additive fillers eliminating
93 the risk of generating heat and smoke.

94

95

Nanetechnology applications

Nanotechnology is used in many areas and it is more specific to nano-
materials which are used in various industrial processes, products and
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applications. Most of the current applications of nano-materials
represent evolutionary development of existing technologies with
many effective modifications such as the reduction in size of electronic
deviges. The following are some applications of nano-particles in
corrosion protection (Table 1).

1. Nanocomposites

105The utilization of nano-tubes and nano-particles in composites is
onaaf the designed applications to exhibit the best properties of each
com@onent of the nano-composite. This multi-functionality applied to
mecbanical, electrical, optic and magnetic properties. Recently carbon
fibear® and bundles of multi-walled Nano-tubes (CNTs) are used in
polymers to enhance and control conductivity. One type of nano-
compiosite is that one which acts as fillers in a matrix such as carbon
blackoused to strengthen car (tiers?) (10-100 nanometers). Applications
forimano-composites include: oxygen and gas barriers, thin-film
capagcitors for computer chips, automotive engine parts and fuel tanks,
solid polymer electrolytes for batteries, impellers and blades and food

packaging [4-6].
2. Nanopaints

118The incorporation of nanoparticles to paints can improve their
performance, impart them different beneficial properties for
environment and making them more lighter. Examples of this
application the light weighting, thinner paint coatings used on aircraft
and the fouling-resistant marine paint as an alternative to tributyl tin
(TBT)3used in heat exchanger to save energy. Many speculations facing
thei=ffectiveness of fouling-resistant coating to reduce the use of
biocides. Other recent applications of nano-particles might lie in paints
that2have reduced infra-red absorption and consequently reduce heat
lossand paints that change color in response to change in temperature

[7-9}s
129
3. Namolubricants

131Recent studies reported the capability of nano-spheres of
orgmric materials to serve as lubricants by acting as nano-sized ball
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beardngs, making them more durable than conventional solid
lubrizants and additives. These studies indicated that nano-particles
redisce friction between metal surfaces especially at high normal loads
and fthe metal surfaces are not highly smooth [10,11].

4. Nanoclays

138Nanoclays is another application of nanotechnology which can
be defined as a clay from a family, which have a unique morphology,
featuring one dimension in the nanometer range. Clay particle based
comgiosites containing plastics and nano-sized flakes of clay are also
usediin many applications such as in fabrication of car bumpers [12-
15]143

5. Taagher and Harder Cutting Tools

145Application of nano-crystalline materials such as titanium-,
tantadum- and tungsten carbides are more resistant to erosion and
have7the advantage to (of) last longer than their conventional
counterparts and are used in the drills used to bore holes in circuits
boards [16, 17].

6. Namocoatings and nanostructured surfaces

151Nano-structured surfaces and nano-coatings can be applied as
chersically and catalytically functionalized surfaces. In recent years, the
deveboped applications include the self-cleaning window coated with
highly activated titanium dioxide, modified to be highly antibacterial,
hydrsphobic and coatings based on nanoparticulate oxides that
catabgtically degrade chemical agents [18-20].

157
158
Tahl®1: Some applications of nanoparticles in corrosion protection.

Application Example Reference

fillers in a matrix

such as carbon Gupta and Kumar,
black used to 2017 [21]

strengthen car

Nanocomposites
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tyers

Light weighting,

Nanopaints thinner paint Krishnamoorthy and
coatings used on Kim, 2015 [22]
aircraft
Nanolubricants Metal surfaces
that are not highl Shenderova et al.,
gy 2014 [23]
smooth
fabricati f
Nanoclays abrication of car Rytwo, 2008 [24]
bumpers

Tougher and Harder Cutting
Tools

Drills used to bore
holes in circuits
boards.

Jackson and Dring,
2006 [25]

self-cleaning

window coated

Nanocoatings and Carneiro et al, 2011

nanostructured surfaces .Wlth h|.ghly. [26]
activated titanium
dioxide
160
Conclusion

162This review article describes briefly the advantage of using
nanetechnology in corrosion protection of steel oil pipelines and the
development of using recent applications in enhancing nano-materials
to resist the corrosion damage. [Traditional types of insulation not
effivdently protect steel oil pipelines under extreme environmental
conditions and in some cases create negative effect in protection
agaiest corrosion.] (Rephrase- not comprehensible) The development
of manotechnology in coating steel pipelines, steel tanks and other
petrodeum equipments enhanced greatly the insulation of these
materials. Recent advances in nanotechnology play a major role in
imprmving the control of corrosion incidence and minimize the
corrosion risks. More attention should be paid (from) by specialists in
this field to invent new intelligent, nano-technological applications to
prevsnt/control (face the) corrosion damage (against corrosive)
aggrrssive environments.

177
Blug7bettering = insert as appropriate
Red lettering = Remove or rephrase to make better comprehension

6




COMPETING INTERESTS
Autisors have declared that no competing interests exist.

182

References:

1841. Saji VS. Part I: Corrosion behaviour and manufacture of nano-
185  crystalline materials; the impact of nanotechnology on
186  reducing corrosion cost. A volume in Woodhead Publishing
187  Series in Metals and Surface Engineering. Page 3-15; 2012;
188  ISBN: 978-1-84569-949-9.

1892. Wansah JF, Udounwa AE, Ahmed AD, Essiett AA and Jackson E
190  U. Application of steel oil pipes. Proceedings of the 1st African
191 International Conference/Workshop on Applications of Page
192 103 Nanotechnology to Energy, Health and Environment,
193  UNN, March 23 - 29; 2014.

1943. Saji VS and Cook R. Corrosion Protection and Control Using
195 Nanomaterials, Elsevier: 1st Edition; 2012; ISBN:
196 9780857095800.

1974. Mensah B, Kim S, Arepalli S, and Nah C. A study of graphene
198  oxide-reinforced rubber nanocomposite , Appl. Polym. Sci.
199  2014; 131, 40640.

2005. Mensah B, Kim HG, Lee JH, Sivaram Arepalli, and Nah C.
201 Carbon nanotube-reinforced elastomeric nanocomposites: a
202 review. International Journal of Smart and Nano Materials,
203 2015; 6(4): 4,211-238.

2046. Yesil S. Effect of carbon nano-tube reinforcement on the
205 properties of the recycled poly (ethylene
206 terephthalate)/poly(ethylene naphthalate) (r-PET/PEN)
207  blends containing func-tional elastomers , Mater Design 2013;
208 52 :693-705.

2097. Nalathambi V, Suresh G. Contribution of Nanotechnology in
210 the Paints and Coatings. SSRG International Journal of
211 Chemical Engineering Research (SSRG-IJCER) 2014; 1 (1), 10-
212 12.

2138. Tator K. Nanotechnology: The Future of Coatings-Part 1.
214  Materials performance 2014; 53(3):34-36.

7



2159. Gouda KM, Tarbutton JA, McVay J, Bayoumi A. Nanolubricant
216 Oil Additives for Performance Improvement of the
217 Intermediate Gearbox in the AH-64D Helicopter. Presented at
218  the AHS 70 th Annual Forum, Montréal, Québec, Canada May
219 20-22, 2014. Copyright © 2014 by the American Helicopter
220  Society International, Inc.

22110.Wu H, Zhao J, Luo L, Huang S, Wang L, Zhang S, Jiao S, Huang
222 H, lJiang Z. Performance Evaluation and Lubrication
223 Mechanism of Water-Based Nanolubricants Containing Nano-
224 TiO2 in Hot Steel Rolling. Lubricants 2018; 6:57;
225  doi:10.3390/lubricants6030057.

22611.Erdemir A. Advanced Nanolubricants for Improved Energy
227 Efficiency and Reduced Emissions in Engines. Argonne
228 National Laboratory June 19, 2014; Project ID # FT018.
22912.Dzene L, Brendlé J, Limousy L, Martin PD, NicolasMichau.
230  Synthesis of iron-rich tri-octahedral clay minerals: A review .
231 Applied clay Science 2018; 166; 276-287.

23213.Akbari AM, Sarvi MN, Ramazani AZ. Purification and
233 Modification of Nanoclay for Adsorption of Vitamin B6 as
234  Nanocarriers. Ann Nutr Disord & Ther. 2016; 3(1): 1032.

23514. Yuan P, Tan D, Annabi-Bergaya F. Properties and applications
236  of halloysite nanotubes: recent research advances and future
237  prospects. Applied clay Science 2015; 112-113: 75-93.
23815.Hegde RR. Structure and proper ties of nanoclay reinforced
239  polymer films, fibers and nonwoven. A Dissertation Presented
240 for the Doctor of Philosophy Degree. The University of
241 Tennessee, Knoxville, August 2009.

24216.Kir K, Oktem H, C6l M, Kog FG, Erzincanli F. Determination of
243 the cutting-tool performance of high-alloyed white cast iron
244  (ni-hard 4) using the taguchi method. Materials and
245  technology 2016; 50: 2, 239-246.

24617.Hosseini A, Kishawy HA. Machining of Titanium Alloys,
247  Materials Forming, Machining and Tribology, J. P. Davim (ed.),
248 2014; DOI: 10.1007/978-3-662-43902-9 2, _ Springer-Verlag
249  Berlin Heidelberg.

25018.Vasile C. Polymeric Nanocomposites and Nanocoatings for
251 Food Packaging: A Review. Materials 2018; 11(10), 1834.

8



25219.Qu M, Wu J, Zhao G, Zhang Y. Nanostructured Surfaces,
253 Coatings, and Films: Fabrication, Characterization, and
254  Application. Journal of Nanomaterials 2013; Article ID
255 492646, 2 pages. http://dx.doi.org/10.1155/2013/492646.

25620.Duta L, Popescu AC, Zgura |, Preda N, Mihailescu IN. In book:

257 Wetting and Wettability Chapter: 8; Publisher: In Tech
258  Editors: Mahmood Aliofkhazraei. 2015; DOI: 10.5772/60808.

25921.Gupta TK and Kumar S. Carbon Nanotube-Reinforced
260 Polymers; 4.Fabrication of Carbon Nanotube/Polymer
261  Nanocomposites 2017;p.61-81.A volume in Micro and Nano
262 Technologieshttps://doi.org/10.1016/B978-0-323-48221-

263 .00004-2. Elsevier.

26422.Krishnamoorthy K, Kim SJ. Mechanochemical preparation of
265 grapheme nanosheets and Their supercapacitor applications.
266 Journal of Industrial and Engineering Chemistry 2015; 32: 39-
267 43. http://dx.doi.org/10.1016/j.jiec.2015.09.012.

26823.Shenderova O, Vargas A, Turner S, lvanov DM, Ivanov MG.

269 Nanodiamond-Based Nanolubricants: Investigation of Friction
270  Surfaces, Tribology Transactions 2014; 57:6, 1051-1057, DOI:
271 10.1080/10402004.2014.933933.

27224.Rytwo, G. Clay minerals as an Ancient nanotechnology:
273 historical uses of clay organic interactions, and future possible
274  perspectives. Macla 2008; 9, 15-17.

27525.Jackson M, Dring K. A review of advances in processing and
276 metallurgy of titanium alloys. Mater Sci Technol 2006;
277 22(8):881-887.

27826. Carneiro JO, Teixeira V, Carvalho P, Azevedo S, Manninen
279  N. Nanocoatings and Ultra-Thin Films. A volume in Woodhead
280  Publishing Series in Metals and Surface Engineering; 13 — Self-
281 cleaning smart nanocoatings 2011; p. 397-413.
282  https://doi.org/10.1533/9780857094902.2.397. Copyright ©
283 2011 Woodhead Publishing Limited.



