Available online at www.pelagiaresearchlibrary.com

4
<« ~] ) .
o~ KRR Pelagia Research Library
\l[ D
IE Advances in Applied Science Research, 2013, 4(3)61229
Library

Library

ISSN: 0976-8610
CODEN (USA): AASRFC

Nano-composite as corrosion inhibitors for steel &ys in different
corrosive media

R. S. Abdel Hameed*®, Abd-Alhakeem H. Abu-Nawwa$ and H. A. Shehatd

4Chemistry Department, Faculty of Science, Al-Azbwiversity, Cairo, Egypt
®Chemistry Department, Faculty of Science, Hail @rsity, KSA
“The School of Chemistry, The University of Manare€xford Road, Manchester, UK

ABSTRACT

The application of nanotechnology in the corrosiprotection of metals has recently gained momentum;
Environmental impact can improved by utilizing nsimocture particulates in corrosion inhibition, Nan
composites have also proven to be an effectivenal®e to other hazardous and toxic compounds, pfessent
article reports some of the preliminary investiga on the corrosion-resistance performance of dNemmposite.
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INTRODUCTION

Nanostructures materials (1-100 nm) are knowntHeir outstanding mechanical and physical propertee to
their extremely fine grain size and high grain baany volume fraction [1]. Significant progress tHeesen made in
various aspects of synthesis of nano-scale mateffdle focus is now shifting from synthesis to nfaoture of
useful structures and coatings having greater aedrCorrosion resistance.

Steel is widely used as the constructional matémiahost of the major industries particularly irotb, petroleum,
power production, chemical and electrochemical $tdes, especially due to its excellent mecharpcaperties and
low cost. The major problem of steel is its dissiolu in acidic and alkaline medium. Corrosion afrirand steel in
acidic aqueous solutions is one of the major aoé@®ncern in many industries where in acids amelyi used for
applications such as acid pickling, acid cleaniagid descaling, and oil well acidizing. Becausegeheral
aggressiveness of acid solution, the material®oétruction are being corroded easily.

It is very important to add corrosion inhibitorspgeevent metal dissolution and minimize acid congtiom [1-14].
Most well known acid inhibitors are organic compdsincontaining nitrogen, sulfur and oxygen atomse Th
inhibiting action exercised by organic compoundstbea dissolution of metallic species is normallyated to
interactions by adsorption between the inhibitonsl he metal surface [38-41]. The good inhibitas tmany
advantages such as high inhibition efficiency, loice, low toxicity and easy production [13,14].iéaomposite
exhibit such advantages with addition of improvamef the environmental impact, In the last two afies,
nanotechnology has been playing an increasing itapbrole in supporting innovative technological/agces to
manage the corrosion of steel [15-35].
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Nano-composite as Corrosion Inhibitors for Steel Abys

The application of nanotechnology in the corrogiootection of metals has recently gained momentusaZ1]. A
polymer Nano composite coating can effectively comalihe benefits of organic polymers, such as ielgstand
water resistance, to that of advanced inorganier@ds, such as hardness and permeability [18].

Environmental impact can also be improved by zitily nanostructure particulates in corrosion irntfobi, coating,
and eliminating the requirement of toxic solveiNano composites have also proven to be an effealieenative to
phosphate-chromate pretreatment of metallic sulestvehich is hazardous due to the presence of tosi@valent
chromium [18-24].

The present article reports some of the preliminawvgstigations on the corrosion-resistance peréorce of Nano-
composite. The corrosion-protective performanchlafo-composite was evaluated in terms of physicohaeical
properties, corrosion rate, and SEM studies [19-25]

In the last two decades, nanotechnology has besyingl an increasing important role in supportingavative
technological advances to manage the corrosiontesl $16-36]. Significant advancements have beedenta
improve the management of steel corrosion througearch, development, and implementation; and
nanotechnology has been playing an increasing itaporole in supporting innovative technologicalaces.

First of all, improved understanding of corrosion and inhilittoechanisms has been continually achieved through
characterization and modeling of the steel surface corrosion products at various length scalesndtawthe
nanometer scale [15,18].

Secondly,nanotechnology has been employed to enhance liegeint corrosion resistance and performance of the
steel itself, by achieving the desirable finelystafline microstructure of steel (e.g., Nano-crytaion) or by
modifying its chemical composition at the nanometale (e.g., formation of copper nanoparticlehatsteel grain
boundaries). Metallurgy approaches to the prodoatibhigh-performance steel with a fine-grain stawe and/or
self-organization of strengthening Nano phasesbides, nitrides, carbonitrides, intermetallides)véenabeen
burgeoning under the guide of Nano technologicalgiles, including Nano processes for steel smgléind micro
alloying, mechanical pressure treatment (e.g.,nseeplastic deformation), and heat treatment (egperfast
guenching of melts) [19-23]. One such technologmeeercialized in the U.S. produces high-performarexdon
steels that feature a “three-phase microstructomsisting of grains of ferrite fused with grainsatthcontain
dislocated lath structures in which laths of mad#a alternate with thin films of austenite” [18}2

Thirdly, nanotechnology has been employed to reduce thadinub corrosive environments through the alteomati
of the steel/electrolyte interface (e.g., formatadrNano-composite thin film coatings on steellgriiicant impro-
vements in the corrosion protection of steel hagenbreported through the co-deposition of Ni-SiQNeAl 05
Nano composite coatings on mild steel [22-25] dmdapplication of Tig:naoparticle sol-gel coatings or multilayer
polyelectrolyte Nano films on 316L stainless s{8&/32].

The incorporation of Nano-sized particles (e.g.lygailine/ ferrite, ZnO, Fgs, hallo site clay, and other
nanoparticles) into conventional polymer coatingso asignificantly enhanced the anti-corrosive perfance of
such coatings on steel substrates [112-36].

Recent progress in the use of nanomaterial’s foros@mn control is summarized in a 2007 reviewcsti[23],
which discussed the incorporation of nanoparticleseramic coatings, polymer coatings, and hybidtgel
systems, for improved properties (e.g., resistdnceorrosion and high-temperature oxidation, skd&oing, and
anti-fouling).

A novel PANI/ferrite/alkyd coating material based on a blaachnological approach that was able to effelgtive
protect steel from corrosion in acid, alkaline, aatine media was developed [21-36].

PANI/ferrite/alkyd coatings were found to act akibitors, maintaining high resistance to corrosies due to the
presence of a dense, nonporous, continuous netikerkstructure. This uniformly dispersed Nano cosip®
coating provides space for a variety of modificaticto its physical structure, making it more mdileaand
adaptable for many application processes, includprgying, dipping, or spin coating [33].
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Intrinsically conducting polymer metal Nano compesiwere synthesized by polymerizing anthranilid é8 ANA)
with metal salts like ferric chloride, Zinc oxidenda Magnesium oxide by chemical oxidation method.
Polyanthranilic acid iron Nano composite (PANA-FBjlyanthranilic acid-Zinc Nano composite (PANA-Zamd
Polyanthranilic acid-magnesium Nanocomposite (PAMg) ware synthesized BY Sophia et.al, [26] Cyclic
voltammetric studies revealed the presence of &eradt polymer film on the glassy carbon electradé showed
redox behavior of the polymer metal Nano composiiée XRD (X Ray Diffraction) studies showed a etimore
crystalline behavior of the Nano composites anddifzén size was calculated using Scherrer’s fornaud it was
found to be in Nano range. SEM (Scanning Electraardécope) analysis showed a rather mixed crystalind
amorphous behavior. EDAX (Energy Dispersive X Rag@&roscopy) confirms the incorporation of the riseft@n,
Zinc and Magnesium in the polymer metal Nano cortessThe inhibition efficiency of the polymer mietdano
composites were calculated for stainless steetidi@environment using electrochemical impedarmecsoscopy
(EIS) and polarization (Tafel) studies and the pred PANA-Fe and PANA-Zn Nano composites showeelciffe
anti-corrosive behavior on stainless steel in asglium [26,33].

Polymer —Clay Nano compositematerials as corrosion inhibitors for steel: Aiesgrof polymer-Clay Nano
composite materials that consisted of emeraldirse lid poly(O-ethoxyaniline) and layered montmorilte clay
were prepared and tested as corrosion inhibitarstiel in acidic, alkaline, and NaCl aqueous ebéytes, poly-
clay nanocomposite at low clay loading up to 3wirfthe form of coating on steel, were found to ekhmuch
superior corrosion inhibition effect as comparedotiy(o-ethoxyaniline) itself. The polymer-clay mamaterials
were evaluated in 5% (wt %) aqueous NaCl electeolisly electrochemical measurements. Corrosionnpiate
polarization resistance, corrosion current, andeidgmce spectroscopy show that the increasing Gkdinlg up to
3% enhance corrosion inhibition efficiency. Therosron inhibition efficiency increases in casepofymer-Clay
Nano composite and its greater than using polymiirout clay, so its preferred to use poly-claynNaomposite
than polymer itself to enhance the corrosion inttohi efficiency of steel in aqueous corrosive mefdi@, 36 ].
Sulfonated polyurethanes (SPU) were used as corrosihibitor for mild steel in acidic solution[37]The
sulfonation of the >N-H groups of the urethane digks was confirmed from Nuclear Magnetic Reson@NtéR)
and Fourier Transform Infra Red (FTIR) spectroscofgchniques. The inhibition efficiency of sulfoedt
polyurethanes, prepared from two different rout@as investigated using different techniques. THeces of
microstructure of polyurethane (PU), degree ofanation, time of immersion and temperature on tigbition of
corrosion were discussed. THisc-like nanoparticles, so-callethnoclay either suspended or chemically attached
to SPU chains (hanocomposites) dramatically enlthtieeinhibition efficiency for mild steel in acadimedium. All
the inhibitors retard the corrosion rate by gettihgmselves adsorbed on the corroding surface lbywimg the
Langmuir adsorption isotherm. The surface analysis of itdiband uninhibited samples was performed using
Scanning Electron Microscopy (SEM) and Atomic Foldieroscopy (AFM). Among the various inhibitors dse
the nanocomposite of polyurethane was the mosttefée Molecular modeling helped in determining theent of
packing of the SPU chains leading to better inkuhiefficiency[37].

CONCLUSION

» The application of nanotechnology in the corrogatection of metals has recently gained momentach Gt
real promise.

» Environmental impact can be improved by utilizirpostructure particulates in corrosion inhibitioaating, and
eliminating the requirement of toxic solvents.

» Nano-composite was evaluated in terms of physicoh@eical properties, corrosion rate, and SEM studie

» Nano technological approach that was able to effelgt protect steel from corrosion in acid, alkaljrand saline
media was developed.

» Nanotechnology has been playing an increasing itapbrole in supporting innovative technologicaVauices.

First of all, improved understanding of corrosion and inhibitroachanisms.Secondly nanotechnology has been
employed to enhance the inherent corrosion resistaand performance of the steel itself, by achiguihe
desirable finely crystalline microstructure of dtde.g., Nano-crystallization) or by modifying itshemical
composition at the nanometer scaléhirdly, nanotechnology has been employed to reduce thedmef
corrosive environments through the alternationhef $teel/electrolyte interface (e.g., formatiorNafno-composite
thin film coatings on steel).
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