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2.1. Organic corrosion inhibitors

Many trials have been done to protect environment fom pollution and

restrict usage of inorganie anti-corrosive pigments. The use of organie corrosion

inhibitors in the field of surface coatings is a very useful trend. lt is recently used

to improve corrosion protection efficiencies of the paints, consequently,

decreasing the inorganic anti-corrosive pigments content in the paints, which are
expensive and toxie (6l),

Wang et a6)إ ) stdied weight loss of carbon steel using both

2-mercaptothiazoline and cetylpyridinium chloride as corrosion inhibitors. They

found that the corrosion inhibition of low carbon steel over wide concentration

range of aqueous phosphoric acid solution gives good results.

Da-quan Zhang et al (@) sed benzotriazole (BTA), 2-mercapto­

benzoxazole (MBO) and 2-mercaptobenzimidazole (MBD) as inhibitors for

copper corrosion in (0.5 mol L' HCl). The tests of weight loss measurements,

potentiodynamic polarization curves and electrochemical impedance

spectroscopy revealed that the (MBD) was shown to be the most effective

inhibitor among those tested. lt is may be due to that (MBD) has larger T-electron

density. The obtained results of potentiodynamic polarization revealed that the

three compounds act as anodic inhibitors, particularly (MBI) strongly suppressed

anodic current densities

gaishi et a] (6) synthesized a new corrosion inhibitor namely 4-

amin0-3-butyl-5-mercapto-1, 2, 4-triazole (ABMT) and investigated its inhibitive

perfommance tpward the corrosion of mild steel in hN sulphuric acid (HSO) by

weight loss and potentiodynamic polarization techniues. The obtained results of
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potentiodyamic polarization measurements clearly reveal that the (ABMT) is a

good inhibitor for mild steel.

Adriana et a stdied إ(6 ذ the inhibiting effect of 2-mercaptobenzo-

thiazole (MBT) regarding the corrosion of carbon steel in diluted ammonia

solution at room temperatre. They demonstrated the effEcts of the inhibitor by

using weight loss and electrochemical measurements. lt was found that the
increase of the inhibitor concentration leads to a decrease in the corrosion rate

and in the corrosion current. Also the microscopic analysis of the surface of the

carbon steel showed a decrease of the corrsion spots with the increase of the
(MBT) concentration.

Abd-El-Nabey et a1(6 sed 4-amino-3H-5-mercapto-1, 2, 4-triazoline

and some related compounds as corrosion inhibitors for mild steel in sulphurie

acid solutions. The obtained results of polarization curves of these compounds

indicated that the inhibitors act as mixed-type. Also the measurements of mass

loss indicated that the rate of corrosion of mild steel rapidly increases with
temperature over the range 25-60 %C both in the absence and in the presence of
inhibitors.

Hwi-Long Wang et al«67 ynthesizedي 4-salicylideneamino-3-phenyl-5-

mercapto-1, 2, 4-triazole (SAPMT), and investigated its corrosion inhibition for

mild steel in 1.0 M hydrochloric acid (HCl). The obtained results revealed that

(SAPMT) can be used as excellent corrosion inhibitor for mild steel in HCl
solution.

graishi et a ynthesized إ لأك( ي three long chain fatty acid oxadiazoles

namely 2-undecane-5-mercapto-1-oxa-3, 4-diazole (UMOD), 2-heptadecene-5-
mercapto-1-oxa-3,4-diazole (HMOD) and 2-decene-5-mercapto-1-oxa-3,4-

diazole (DMOD) in the laboratory, and evaluated their influence on the

inhibition of corrosion for mild steel in 15% HCl at 105 ± 2C by weight loss

method. Imhibition tests were also carried out on N-80 steel under similar
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conditions in 15% HCl containing 5000 ppm of (UMOD). The obtained results

indicated that the (UMOD) was found to be the best corrosion inhibitor; it

exhibited 94% inhibition efficiency forN-80 steel and 72% inhibition efficiency
for mild steel. The potentiodynamic polarization of (UMOD) at room
temperature on mild steel in 15% HCl, and on N-80 in 15% HCl showed that all

the investigated compounds are ofmixed type inhibitors.

Morales et a4% gtudied four types of inhibiting heterocyclic molecules

namely {2-mercaptobenzoimidazole (MBD), 5-mercapto-1-tetrazoleacetic sodium

salt (MTAc), 1-hydroxybenzotriazole (HBT) and benzimidazole (BLA)} on the

corrosion susceptibility of steel pipeline samples grade API 5L X52 in 1 M

H,$O, by electrochem.0ical testing analysis. The obtained results showed that

there was an optimum inhibitor concentration at which the maximum inhibiting

efficieney has been occurs. hurher, the (MBI) displayed the best inhibiting

characteristics for this system, with maximum inhibition eficiency (E) of

approximately 99% having added only 25 ppm. ft is shown that this compound
can affect both the anodic and cathodic processes, thus it can be classifed as a

mixed-type inhibitor for API 5L X52 steel corosion in sulphuric acid.

Bensaijay et al("" tested 1-phenyl 5-mercarpto 1,2,3,4-tetrazole (PMT)

as an inhibitor for the corrosion of steel in 0.5 M H,SO, and 1/3 M H,PO, by

weight loss and electrochemical methods. The obtained results showed that the

inhibition efficiency of (PMT) increased with the increase of inhibitor
concentration and reached an optimum value 98 % at 103 M in HSO, and

H,PO, solutions.

graishi e (""synthesized 5-mercapto-2-Hydroxyphenyl-1-oxa-3, 4-

diazole, 5-mercapto-2-phenyl-1-oxa-3, 4-diazole, and 5-mercapto-2-cinnamyl-l-

0xa-3, 4-diaole in the laboratory and investigated their influence on the

corrosion inhibition of mild steel in 1N HCl and 1N HSO, by weight loss and
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potentiodynamic polarization techniques. The inhibition efficiency of these

compounds was found to vary witb concentration.

Lebrii et a2إ)" gtdied a new class of thiadiazole derivatives, namely

3,5-bis(2-thienyl)-1,3,4-thiadiazoke and 3,5-bisf3-thienyl)-1,3,4-thiadiazole as

corrosion inhibitors for mild steel in LM bydrochloric acid, The measurements of

weight loss, polarization curves and AC impedance current methods showed that

the thiadiazole derivatives were very good inhibitors for mild steel in 1 M HCl.

Ozcan et a} (73) tudied ى the influence of thioacetamide, thiourea and

thiobenzamide on the corrosion inhibition of mild steel in 0.1M H,$SOو solution.

They suggested that the (CSNHر ) group is the common main group for these
compounds and they differ only having different groups on the other side of the

thiocarbomyl group. The results of electrochemical impedance spectroscopy and

polarization resistance measurement techniaues showed that these compounds
revealed a good corrosion inhibition.

Lgamri et a](" investigated the effect oforganic compounds containing

heteroatoms such as nitrogen and sulphur on the corrosion behaviour of iron. The
recorded electrochemical data showed that the corrosion resistance was greatly

enhanced in the presence of inhibitor; it acts on both anodic and cathodic

electrochemical processes and its effEct depended on its concentration. These
results were confimmed by the impedance tests where it was observed that the

effect of inhibitor addition appears by an increase in the corrosion resistance.

graishi et «72 synthesized a new corrosion inhibitor namely

4-salicylideneamino-3-hydrazino-5-mercapto-1,2,4-triazole, and stdied its

influence on the corrosion inhibition of tubular steel (N-80) and mild steel in

15% hydrochloric acid solution under boiling condition by using weight loss
method. The obtained results of potentiodynamic polarization clearly revealed
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that the investigated inhibitor may inhibit the corrosion of both the steels by

blocking the active site of the metal.

Fouad et aإ ("") studied the effect of isomers of 3-pyridyl-substituted

1,2,4- and 1,3,4-thiadiazoles (3-PTHD and 3-PTH) on the corrosion inhibition of

mild steel in acidic media (IM HCF and 0.5M HSO,) by using weight loss

measurements and ekectrochemical techniques. lt was found that the (3-PTHD)
was the best inhibitor in both media, and its behaviour is better in 1M HC than

in 0.5M H,SO,.

Hi-Long Wang et al (77 investigated the effect of some

mercaptotriazole derivatives containing different hetero atoms and substituents in
the organic compounds on the corrosion and hydrogen permeation of mild steel

in 1.0 M HC] by weight loss and various electrochemical techniques. The

obtained results revealed that all the mercaptotriaole derivatives performed
excellently as corrosion inhibitors for mild steel in 1.0 M HCl. Also the

potentiodynamic polariation studies showed that all these compounds suppress

both the anodic and cathodic process and they behave as mixed-type inhibitors.

Garcua-Ochoa et a} ("6) investigated the effect of 3-amino-1, 2, 4-

triazole as a corrosion inhibitor for mild steel in acidic media by means of

potentiodynamic polarization curves and electrochemical impedance

spectroscopy. lt was found that this compound inhibits mild steel corrosion by
affecting both cathodic and anodic reactions.

Ian et a9إ)" ) studied the effect of substitted benzenethiol (BT)

molecules, X-CH,SH (where X = meta-NH, orthoNHو , para-NH,, para­

NHCOCHو , para-F, para-CH and para-CH(CH;), as corrosion inhibition on the

modifed Cu surfaces in a sulfuric acid solution by electrochemical

characterization. They found that the protection afforded by the substituted
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functional groups on BT is strongly influenced by the type and the position ofthe

substituents on the benzene ring.

Zhelukevich et (٥ إ(8 evaluated 1, 2, 4-triazoke, 3-amino-1, 2, 4-

triazole, benzotriazole and 2-mercaptobenzothiazole as corrosion protection of

the aluminum alloy in neutral chloride solutions. They found that the corrosion

protection to the alloy performed by fomming a thin organic layer on the substrate
surface, and the inhibitors decreasing the rate of both the anodic and cathodic

processes. The obtained resuhts showed that the benzotriazole and 2-

mercaptobenzothiazole offer better corrosion protection in comparison with 1,2,

4-triazole, 3-amino-1, 2, 4-triazole.

Chetouni et a (l إ ق( studied the effect of corrosion inhibition of new

synthesized pyridazine compounds on pure iron in IM HCl by weight loss,

electrochemical polarization and electrochemical impedance spectroscopy
measurements. 'The obtained results revealed that these compounds are efficient

inhibitors. lt was found that the inhibition efficiency increases with the increase

of inhibitor concentration and reached 98% at 10 M for 5-benzyl-6-methyl
pyridazine-3-thione. Also the results of potentiodyamic polarization clearly

revealed that the presence of pyridazines does not change the mechanism of

hydrogen evolution and that they act essentially as cathodie inhibitors.

Awad er a investigated إ ه@ the effect of alkyl and aryl substitents in

triazoline compounds on the corrosion inhibition efficiency. They suggested that

the adsorption of the sulphur-containing inhibitors to the surface occurs through

the C-S centre. lt was showed that the aryl-substituted triazoline are more
reactive inhibitors than the alkyl ones; this may be due to smaller energy

separation between the highest occupied molecular orbital-lowest unoccupied

molecular orbital levels. And the electrophilic group showed the highest charge

density on the sulphur atom and the highest protection efiiciency due to its polar

interaction with a metal surface.
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opova er a mvestigated %(إ ز five heterocyclic compounds, having a five

atom ring, fused with the benzene ring (indole, benzimidazole, benzotriazole,

benzothiazole and benzothiadiaole), as corrosion inhibitors for mild steel in 1 N

HC] by using impedance and polarization resistance methods. It was found that

four of these compounds exhibit inhibition properties, while one of them,

benzothiadiazole, stimulates the corrosion process.

Bouklah et a4إ &) stdied the influence of 5-(2-chlorobenzyl)-6-

methylpyridazine-.3(2H)-thione (P1) and 5-(4-chlorobenzyl)-6-methylpyridazine-
3(2H)-thione (P2) on the corrosion of steel in 0.5M H,SO, solution by using

weight loss measurements at various temperature. They found that the inhibiting

action is more pronounced on using (Pl) than (P2). And the inhibition efficiency

increases with (P2) concentration to attain the maximum value of 100% at
5x10 M.

Crz et a46إ stdied the effect of 1-(2-ethyl-amino)-2-methylimida-

zoline (imidazoline), N-[3-(2-amino-ethylaminoethyl)]-acetamide (amide) and its

derivative 1-(2-ethylamino)-2-methyl-imidazolidine (imidazolidine), as corrosion
inhibitors by using potentiodynamic polarization curves and electrochemical

impedance spectroscopy techniques. The experimental results suggested that

(imidazoline) is a good corrosion inhibitor at diffErent concentrations whereas
(amide) showed low efficiency values. The theoretical results indicated that

imidazoline is the more efficient corrosion inhibitor because of its two very

active sites (two nitrogen atoms) and the plane geometry ofthe heterocychic ring,

thus promoting coordination with the metal surface.

2.2. Anti-corrosive pigments

Blustein et aإ (") sudied the properties ofthree anti-corrosive inorganie

phosphate pigments in solvent-based and water-borne paints. They investigated

the behaviour ofthese pigments in anti-corrosive paints formulated with difFerent
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binders, by accelerated (salt spray cabinet and humidity chamber) and

electrochemical tests (corrosion potential and ionic resistance measurements). It
was found that the accelerated and electrochemical tests allowed to

differentiating the anti-corrosive performance of the three pigments.

Amiwina et a] (%7 investigated the inhibition efficiencies of zinc

chromate, barium metaborate, calcium silicate, amino carboxylate, calcium

barium phosphosilicate, ahuminum triphosphate and a modified zinc phosphate

on the corrosion of steel and zinc by using polarization experiments. They found

that zinc phosphate and zinc chromate gave the best inhibition efficiencies.

Kalendova et a tdied إ(46) ى the properties of non-toxic anti-corrosion

pigments of varying chemical composition such as (zinc phosphate, zinc

phosphate modified with an organic corrosion inhibitor, zincahminum

polyphosphate, calcium metaborate, calcium ferrite, and strontium chromate) in

epoxy ester paints. They prepared two types of paints, the first type comprised an

anti-corrosion pigment with a pigment volume concentration (PVC) of 10%

while the other type comprised an anti-corrosion pigment with a PVC = CPVC
(critical pigment volume concentration). Anti-corrosion efficiency was derived
from tests in a saht spray cabinet and chemical resistance of pigmented coatings.

The evaluation of anti-corrosion efficiency of inorganic non-metal pigments was
carried out by means of comparison with anti-corrosion efficiency of metal dust.

Felia et a8إ) %) gtdied the effectiveness of chromate and phosphate that

accompany lacquer as corrosion inhibitors for hot galvanized steel by using

continuous immersion tests in 3% NaCl and ultra-violet (UV) tests in a climate
cabinet, electrochemical impedance spectroscopy (ElS) techniques. The obtained

resuhts showed that the rapid loss ofadhesion ofthe lacquer/phosphating reagents

system during the (UV) test, due to water adsorption phenomena at the
metal/lacuer interface as a result of' the presence of soluble species in it.
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Amo et tdied إ(3 )لا ى anti-corrosive paints formulated with zine

phosphate and vinyl binders. The anti-corrosive perfommance of the paints

evaluated by using accelerated tests (saht spray and humidity chambers) as well

as flm adhesion and electrochemical measurements. The obtained results were

compared with a reference paint containing Zinc chromate. lt was established that

paints fomulated with an acid resin, containing 30% zinc phosphate by volume

and a PVC/CPVC ratio of0,8-0.9 showed good anti-corrosive behaviour.

2.3. Inhibitors in waterborne coatings

Baram, BM. et ٥ إ (%) sed the reaction products of epoxidized fatty

materials with aliphatic amines as corrosion inhibitors for carbon steel in HCl

solution. They found that the efficiercy of the prepared adducts increased by

decreasing the aliphatic chain length of the used amines, and their efficiencies

were found to be in the order: Methyamine> Ethylamine > Butylamine.

El -Sawy et a}@%\ stdied the adducts resulted from the reaction of the

epoxydized linseed oil free fatty acids (Ep-Lf-) with different aliphatic amines
(methyl, ethyl, propyl, iso-propyl and butyl amines) as corrosion inhibitors for

carbon steel. They found that the optimum concentration ranges ofmetbyl adduct

and butyl adducts as corrosion inhibitors are the same and equal to 0.4-0.7 %.

lt was found that the protective action of the prepared inhibitors decreases by

increasing branching of the alkyl groups, so their protective properties can follow
the descending order:

Ep-Lf-Me> Ep-Lf-Et> Ep-Lf-Pr> Ep-Lf-Bu> Ep-Lf-iso-Pr.

Badran, B.M. et (٥ إ(32 investigated the performance of emulsified

corrosion inhibitors of different amines with epoxidized soybean oil in various

water-borne coating systems. The superior corrosion protection performance of

such organic inhibitors to the anti-corrosive pigments emphasized their reliability
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as alteratives to the toxic anti-corrosive pigments in formulating water--borne

anti-corrosive paints.

Zhigiang (93) found that emulsion alkyd coatings including

imidazolidinone organie inhibitors showed an outstanding corrosion protection

behavior for phosphated cold rolled steel afer 200 hours of exposure in salt

spray tests.

Miiler, B. et a1 (% sed amino-phenols in inhibiting zinc pigments

reactions occurTing in aqueous alkaline media. They concluded that the addition

of such organic inhibitors could prevent hydrogen evolution from zinc reaction,

and hence better pigment stability was observed.

Brag ("2 Jemonstrated the perfomance of Schiffs base as an organic

corrosion inhibitor in water-borne acrylic coatings. The good results of such

coatings observed during accelerated tests were attributed to the complete
surface coverage ofthe adsorbed inhibitor at the metal/coating interface.

Jackson (0) nvestigated ز the performance of water-borne epoxy coatings

employing different types of anti-corrosive pigments and blends of organic
inhibitors (ainc salt of nitro-compound). The accelerated corrosion results

showed that the best perfommance was obtained with calcium-strontium­

phosphosilicate pigment and a blend of zinc phosphate and organic nitro­
compound respectively.

Paraini et a} (%6 stdied the performance of chestnut tannin, which

contains polyphenols ofvegetable origin, as a corrosion inhibitor in water-bore

acrylic paint applied over rusted steel surfaces. The superior perfommance of such

coatings during exposure was ascribed to the fommation of a passivation layer of

ferric tannate on iron surface. Similar results were obtained by
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Fare, M et %) إ which formulated water-borne coatings with gallic acid as a

corrosion inhibitor over rusty surfaces.

Smiezek, E. and coworke,s ( ق") gudied the effectiveness of mercapto­

benzothiazole corrosion inhibitor in alkyd and acrylic emulsion coatings. The

accelerated corrosion tests showed competitive perfommance to their solvent

based counterparts.

Badran, B.M et (٥ إ(99 studied the replacement of anti-corrosive

pigments, which are expensive and hazardous to the environment, by some new

aromatic amine adducts as corrosion inhibitors in different paint fomulations.

The amine adducts (Ep-Lf-Ar) are prepared by the reaction ofepoxidized linseed
oil-free fatty acids (Ep-Lf) with some aromatic amines (-Ar) (aniline, 0-, m-, p­

anizidine, o-, m-, p-toulidine and o-,m-,p-chloroaniline) stoichiometric amounts.

The efficiency of the prepared adducts could be arranged in the following

Sequence:

Ep-Lf-p-Az > Ep-Lf-m-Az > Ep-Lf-pT > Ep-Lf-o-Az > Ep-Lf-m-T >

Fp-Lfo-T >Ep-Lf-An > Ep-Lf-p-Cl > Ep-Lf-m-Cl >Ep-Lf-o-Cl.

2.4. Fmulsion and emulsifer

Porras et repared )"ح(إ م water-in-oil emulsions (water/mixed non-ionic

surfactant/oil), and studied the emulsions formed by a condensation method. It
has been proved that mixtures of surfactants as Span 20, Span 80, Tween 20 and

Tween 80 can provide better perfommance than pure surfactants.

Ceorge ") stdied the effect of the addition of low molecular weight

surfactants on the coalescence stability of emulsions stabilized by the protein

b-lactoglobulin. It was found that only Span 80 able to displace the protein from

the droplet interface, this lead to coalescence by spontaneous rupture of thin

films between the emulsion droplets. He suggests that this mechanism of
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coalescence is only enhanced if the adsorbed protein layer is displaced by a

surfactant, another mechanism for coalescence in highly concentrated protein­
stabilized emulsions, was reduced after the addition of sodium dodecyl sulphate

(SDS) and Tween 20.

Takahiro et a} ( repared ح2 م water-in-oil-in-water (W/O/W) emulsions.

He used polyoxyethylene sorbitan monolaurate (Tween 20) in the extemnal water
phase to stabilize oil droplets containing water droplets. And sorbitan

monolaurate (Span 20), sorbitan monooleate (Span 80) and tetraglycerol

polyricinoleate (TGPR) were tested as surfactants to stabilize the W/O

emulsions. W/O/W emulsions were produced when using oleic acid or triolein as
the oil phase and TGPR as the surfactant, while WIO/W emulsions could not be

produced using Span 20 or Span 80 due to large water clusters and the low
stability ofthe W/O emulsions.

Chong et a repared إ4" م WIO/W multiple emulsions by using non-ionic

surfactants of the Tween and Span types. The effect of droplet size and emulsion

stability was investigated. lt was found that the combination of (fween 20/80
and Span 20/80) as a hydrophilic and lipophilic surfactant system produced the

most stable multiple emulsion.

Jeonghee et ٥udied )"ه@ ي the influence ofpH on the stability of sodium

caseinate stabilized oil-in-water emulsions by measuring particle size,

microstructure, apparent viscosity, and creaming stability. lt was found that the

emulsions containing droplets stabilized by sodium caseinate (CAS) were

prepared by homogenizing 10 wt% corn oil with 90 wt% aqueous CAS solution
(1.0 wt%, pH 7.0).
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