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Abstract: Methylamine and p-anisidine were reacted with epoxidized linseed oil free fatty acids

established conditions. The resulting adducts were tested and evaluated as corrosion inhibitors. Each of

the laboratory prepared adducts was used to replace or combine with aluminium flakes (anticorrosive

pigments) in some paint formulations. It was found that the combination of anticorrosive pigments with

organic corrosion inhibitors does not increase the protective properties of such paint films. The prepared

organic adducts can be used to provide economically effective inhibiting coating of reduced hazardous

nature.
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INTRODUCTION

One of the most useful characteristics of some

grade of aluminium flaks or powders is the ability of

particles to leaf or float in certain vehicles. When

stearic acid is used as the milling lubricant in the

manufactering process of the pigment, the fatty acid is

sorbed onto the pigment surface with the carboxylic

group towards the metal surface. Because of this

phenomenon, orientation and adhesion to the metal

substrate have occurred. Almost all primer and

anticorrosive coasts based on aluminium flakes pigment

are loaded with large quantities of inhibitive pigments.

Recently, significant advances had been made in the

applications of organic inhibitors in priming coasts.

New coatings formulations of effective protection have

been obtained . The purpose of the present[1 ,7]

investigation is to look fo r economic and

environmentally acceptable alternatives to the expensive

and toxic pigment systems in common use.

MATERIALS AND METHODS

Materials:

C Linseed oil: Alkali refine oil I.V.174:

C Hydrogen peroxide: Chemically pure hydrogen

peroxide, of strength 30%.

C Dowex 50W-8X: It is a sulphonated (polystyrene/

divinyl benzene) copolymer, dark yellow, particle

size (-10+50 mesh). Sulpher content 17%,

sulphonyl group content = 44%.

C Amines: Methylamine and p-anisidine (chemically

pure grade, further purified by usual techniques).

C Binders: A blend of Laroflex MP 35 and

Coumarone Indene.

C Laroflex MP35, BASF, Ludwigschafen, Germany,

it is a copolymer of vinyl chloride containing

about 31% vinyl-isobutyl ether.

C Coumarone-Indene: El-Giza Company for paints.

C Plasticizer: Chlorinated paraffin N50 provided by

ICI company.

C Titanium dioxide (Ti-pure %-933): Du-Pont

2Company, 80% TiO , 10% silicone dioxide and

10% aluminium flakes.

C Aluminium Flakes: Islamic Paints and chemical

Industries Co.

Techniques:

Preparation of Linseed Oil Free Fatty Acids/amine

(Adducts): Linseed oil free fatty acids were epoxidized

in-situ by hydrogen peroxide and glacial acetic acid

using Dowex 50W-8X as a catalyst . The oxirane[8 ]

oxygen content was measured by Durbetaki, s  and[9]

Badran, s  technique. The reactions of epoxidizeed[10]

fatty materials and amines were carried out in double

wall sealed ampoules under inert atmosphere at

temperature of 130 C for three hours.0

Paint Preparations : The binder was dissolved in a[11]

suitable  solvent.  The pigment and filler were mixed

with some of vehicle to produce a semi-past. This

mixing action partially wets the dry pigments. These

agglomerates consist of lumps, the outer layer of which

is made up of wetted particles, the next layer is of

semi-wetted particles, and the inner section is of dry

particles. An ultra centrifugal ball mill was used to

break down the agglomerates. The volume of Pebbles

and material to be ground varied, depending on the

ease of dispersion. If the materials were fairly easy to
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disperse, the mill could be loaded until it was about

third  full, although this usually increased the

processing time. The time of grinding ranges from

three to four hours.

Testing and Evaluations: The formulated paints were

tested and evaluated according to well-known standard

methods:

C Preparation of steel panels: ASTM-D-609-73.

C Hardness of the films was measured at 35

micrometer using Koenig pendulum hardness tester

(Din 53157).

C Bending test: A mandrel of 0.9 mm was used

(ASTM-D-1737-73).

C Adhesion: ASTM-D-3359.

C Alkali resistance test: A solution of 5% NaOH was

used (ASTM-D-1647-70).

C Acid resistance test: A solution of 20% HCl was

used (ASTM-B-287-74).

C Evaluation of paint films subjected to corrosive

environments: ASTM-D-1635-74.

C Corrosion scratch test: Egyptian standard

specification, ES-829-3-66.

C Corrosion resistance test .[12]

C Degree of blistering: ASTM-D-714-56.

C Water uptake .[13]

C Weight loss .[14]

RESULTS AND DISCUSSION

A series of epoxidized linseed oil free fatty acids/

aliphatic and aromatic amines adducts have been

prepared and evaluated as corrosion inhibitors by the

authors , at which the obtained data reflect that both[5 ,6]

methyl amine and p-anizidine adducts are the most

effective materials as corrosion inhibitors. It is of

interest to extend the study by replacement and /or

combination of aluminium flakes anticorrosive pigment

with each of these compounds. A series of

methylamine and p-anizidine adducts with different

anticorrosive pigments (zinc chromate, barium

metaborate and zinc phosphate) have been studied and

give promising results.

In the present work, linseed oil was alkali

hydrolyzed and the resulting soaps were neutralized to

liberate free fatty acids. The liberated linseed oil free

fatty acids were epoxidized and preparing peracetic

acid in-situ as shown below:

The Oxirane oxygen content of the produced

epoxidized materials was measured and found to be

9.1%.

The Epoxidized linseed oil free fatty acids were

subjected to react with methylamine and p-anizidine

stoichiometrically, in such a manner that one mole

amine per each epoxy group and one mole amine per

each carboxylic group. The reactions were carried out

in a sealed ampoule under inert atmosphere at 130 C0

for 3 hours.

3 6 4 3Where R= -CH  or C H -p-OCH

The reactions were followed by NMR spectrum. It

was found that at the end of the reaction period, all the

epoxy groups are consumed through the reaction with

the used primary amines and secondary amine band

have appeared, indicating that the reactions stop at the

stage of secondary amine formation.

On the other hand, the acid value of epoxidized

linseed oil free fatty acids and their reaction products

with primary amines were followed and the obtained

results are given in Table I. It is shown from the

tabular data that, more than 90% of the carboxylic

groups have been reacted with p-anizidine, while more

than 65% of the carboxylic groups are still free in

methylamine adducts.

On the other hand, Table II contains 13

formulations; the first one B is completely free of any

inhibitive materials (blank). Formulations B1, B2 and

B3 contain only the laboratory prepared methylamine

adducts as corrosion inhibitor by the amounts of 0.2,

0.4, 0.6 g / 100 g solid paint. Formulations 1-3 contain

aluminium pigments only while the other formulations

4-9 contain aluminium flakes as inhibitive pigment in

addition to different concentrations of the laboratory

prepared compounds (both methyl and p-anizidine

adducts). The binding medium of all paint formulations

is a blend of vinyl copolymer and its plasticizer with

coumarone indene by the ratio of 3:1 and pigment

binder ratio is 1.27:1.

With respect to physical, chemical, mechanical and

corrosion test results of the produced paints films;

Table II shows the following findings:

C Dry paint films of this group process good

physical and mechanical properties before

immersion in artificial seawater.

C The blank film, which does not contain any

inhibitive pigment or organic corrosion inhibitors,
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Table I: Acid values of epoxidized linseed oil free fatty acids and

their adducts.

Adducts Index Acid value

Epoxidized free fatty acids Ep-Lf 270.0

M ethyl am ine adduct Ep-Lf-M e 136.0

P-anisidine adduct Ep-Lf-Az 20.30

showed high degree of blisters of large size and

highly tarnished metal surface under the paint film

at the end of the corrosion test.

C Protection against corrosion is improved by

increasing the organic amine adducts (0.4-0.6

g/100 g solid paint), formulae no. B2 and B3.

C Protection against corrosion increases markedly by

the increase of anticorrosive aluminium flakes

pigment (formulations 1-3).

C Aluminium paint films based on stearic acid as a

lubricant showed a fading of gray color on

exposure to acid solution. This is may be attributed

to the replacement of stearic acid by more highly

polar compounds, such as acids of higher

dissociation constant leading to damage of paint

films .[15]

C Aluminum paint films showed weak resistance to

alkali solution which may be attributed to the

sensitivity of aluminium to alkali solution specially

sodium hydroxide .[16]

The measurements of water up-take of paint films,

which do not contain aluminium flakes, showed that

the prepared organic corrosion inhibitors have more or

less no effect on the paint films even those containing

high concentrations of inhibitor. According to water up-

take  measurements  of aluminium flakes paint films.

It is evident from Table III that the films of

formulations containing only inhibitive pigment showed

the lowest water up-take values. This is may be

attributed to the fact that aluminium pigments are

exceptionally effective in decreasing the moisture and

vapor permeability of paint films; where in an

aluminium paint film, the leafed layer of flake particles

of the surface offers an effective barrier against

moisture and vapor penetration. Lamellar orientation of

flakes through out the paint film also helps to reduce

water vapor transmission , thus water vapor[15 ,16]

permeability decreases by increasing the aluminium

pigment concentration in paint films of the same

thickness.

With respect to water up-take measurements of

paint films based on combination of inhibitive

aluminium flakes pigment and organic corrosion

inhibitor. Table III declares that water up-take values

increase greatly, especially on using high concentrations

of organic corrosion inhibitors (0.6 g blended with 8%

pigment, formulae No. 4 and 7) and (0.4 g blended

with 15% pigment, formulae No. 5 and 8).

According to corrosion test results, Table II

showed that, the combination of aluminium flakes

pigment with organic amine adducts, generally, does

not lead higher protective properties. It is also clear

that the combination of highest amount of aluminium

pigment (25%) with the lowest content of amine

adducts (0.2 g/100 g solid paint) shows the best

protective properties (formulations No. 6 and 9). This

is followed by paint formulae No. 5 and 8, which

contain moderate amount of aluminium pigment (15%)

and moderate amount of amine adducts (0.4), while

using the lowest content of aluminium pigment (8%)

with the highest content of amine adducts (0.6) shows

dark brown color under the paint film, few blisters of

moderate size with high loss of adhesion at the end of

the corrosion test time (formulations No. 4 and 7).

While with respect to weight loss measurements of

steel panels under paints of this group, Table IV

declares that, the weight loss measurements results go

hand in hand with those obtained from corrosion test

results. 

It is proved by the authors  that, organic amine[5 ,6]

adducts have a mixed inhibition effect by the formation

of adsorbed layer all over the metal surface rather than

at specific cathodic or anodic site. Where the inhibitors

molecules may direct themselves to be adsorbed via the

active –NH- group, which contains a pair of unshared

electrons available for donation to the metal surface to

form a chemisorptive bond, so adhesion of the paint

film to the metal surface would be improved.

Moreover, the hydrocarbon tails may orient themselves

away from the metal interface toward the paint bulk, so

that further protection is provided by the formation of

a hydrophobic network, which excludes water and

aggressive ions from the metal interface .[17 ,18]

The optimum range of inhibitor content using

methylamine adduct was found to be 0.4-0.7g /100 g

solid paint . This value would permit a complete[5]

chelation to the metal surface, generally, not more than

a monolayer in thickness. The excess amount of

corrosion inhibitor may be randomly distributed in the

bulk of the paint film. This unarranged polar molecules

may act to derive more water molecules from the

surrounding medium through the hydrophilic –NH-

group at which they may oppose the action of

protection and produce paint films of less protective

properties on prolonged exposure to water .[5 ,6 ,17 ,18]

The wetting properties of the aluminium flakes

pigment may be attributed to stearic acid, which is

added as a milling lubricant during the manufacture of

the aluminium pigment; at which it is sorbed on the

metal surface through the carboxylic groups . [15 ,16]

In the present work, it was planned to improve the

protective properties of aluminum flakes as

anticorrosive pigments. But, the obtained results proved
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Table II: Paint formulations and their physical, chemical and m echanical tests as well as the corrosion results.

Group No. Sub-group (A) Sub-group (B) Sub-group (C) Sub-group-(D)

------------------------ --------------------------------------- -------------------------- ------------------------------ -------------------------------

Formula No. B B1 B2 B3 1 2 3 4 5 6 7 8 9

     Composition (gm)

Aluminum flakes - - - - 8.0 15.0 25.0 8.0 15.0 25.0 8.0 15.0 25.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TiO2 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Extender 40.0 40.0 40.0 40.0 32.0 25.0 15.0 32.0 25.0 15.0 32.0 25.0 15.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total pigments 56.0 56.0 56.0 56.0 56.0 56.0 56.0 56.0 56.0 56.0 56.0 56.0 56.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Vinyl copolymer 29.7 29.7 29.7 29.7 29.7 29.7 29.7 29.7 29.7 29.7 29.7 29.7 29.7

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Coumarone indene 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Chlorinated paraffin 3..3 3..3 3..3 3..3 3..3 3..3 3..3 3..3 3..3 3..3 3..3 3..3 3..3

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ep-Lf-M e - 0.2 0.4 0.6 - - - 0.6 0.4 0.2 - - -

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ep-Lf-Az - - - - - - - - - - 0.6 0.4 0.2

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total binder 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0 44.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Pigment binder ratio 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27

                  Physical, Chemical and M echanical Tests

Adhesion Gt0 Gt0 Gt0 Gt0 Gt0 Gt0 Gt0 Gt0 Gt0 Gt0 Gt0 Gt0 Gt0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hardness 79.3 81.3 79.0 77.0 90.0 77.0 74.0 82.0 68.0 72.0 80.0 71.0 73.0

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ductility 6.6 6.5 6.7 6.9 5.7 6.25 6.35 8.3 10.2 6.4 8.3 9.85 6.4

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bending Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass Pass

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Acid resistance F.C V.g. V.g. V.g. F.C F.C F.C F.C F.C F.C F.C F.C V.g.

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Alkali resistance F.C V.g. V.g. V.g. F.C. F.C. F.C. v F.C. F.C. F.C. F.C. V.g.

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Water resistance V.g. V.g. V.g. V.g. V.g. V.g. V.g. V.g. V.g. V.g. V.g. V.g. V.g.

                Corrosion Tests

Corrosion resistance H.T. v.s.t. B B B B B B B B B B B

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Degree of Blistering 2D 6f 10 10 6f 8f 10 8f 10 10 10 10 10

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Corrosion scratch test F B A A B A A C B A C B Ad

Where:

a F.C.: fading of the pigment color

b B: bright surface; v.s.t.: very slight tarnishing; s.t.: slight tarnishing; m.t. :medium tarnishing; v.s.t.p. : very slight tarnishing & pitting; s.t.p.:

slight tarnishing &pitting; m.t.p.: medium tarnishing &pitting.

c It is graded on the scale from  10 to 0, where 10 no blistering and 0 largest blisters and frequency denoted by F, M , M D, and D (few,

medium, medium dense and dense).

D A-E: Corrosion just in the scratch but differ in the adhesion of the film  around the scratch; while F: bad adhesion and F : bad adhesion0

with pitting corrosion.

that the combination between aluminum flakes pigment

and organic inhibitors did not improve the physical

properties as well as corrosion protection properties, as

shown in Tables (II-IV). This is may be attributed to

two reasons: Firstly, the laboratory prepared adducts

have basic characters, while aluminium flakes are

coated by stearic acid, thus, adducts may attack the

every thin layer of stearic acid which is mainly

responsible for the orientation of the flakes on the

metal surface. This damage of the flakes barrier layer

of aluminium pigments might show a porous paint film

of disordered aluminium flakes pigment.  This  random

distribution of aluminium flakes may lead to high

water up-take through those pores to the metal

substrate and minimizing the corrosion  protection via

the aluminium physical barrier.  Secondly, there will be

a competition between the adducts and aluminium

flakes which may lead to random orientation of

aluminium flakes pigment  and  random distribution of

the excess adduct. This unarranged polar molecules act

to derive  more  water molecules from the surrounding

medium through  the  hydrophilic-NH- group.
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Table III: Water up-Take measurements of Aluminum films

Immersion time

--------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------

Sample No. 6 day 11 day 16 day 22 day 27 day 35 day

1 5.10 7.49 8.63 9.39 11.0 12.56

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 3.48 5.11 5.90 6.38 7.50 8.57

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 2.32 3.40 3.94 4.25 5.00 5.71

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 12.52 16.34 20.63 23.52 27.95 31.08

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 9.53 13.82 16.85 20.51 24.89 27.51

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 4.39 6.21 7.74 9.08 11.00 11.86

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 18.06 23.97 28.16 23.84 37.85 41.95

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 13.50 17.11 20.15 24.35 28.80 31.86

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 5.18 6.48 8.17 9.82 12.30 12.66

Table IV: Weight loss measurements for steel panels under paint films

Days Weight loss (gm/ cm )2

--------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------

Formula No. 5 day 10 day 15 day 35 day 50 day 65 day 85 day

B 0.0299 0.032 0.0390 0.0450 0.0530 0.0600 0.0660

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B1 0.0070 0.0100 0.0147 0.0199 0.0250 0.0280 0.0303

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B2 0.0053 0.0063 0.0082 0.0105 0.0129 0.0130 0.0147

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B3 0.0028 0.0043 0.0062 0.0080 0.0100 0.0113 0.0130

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 0.0026 0.0041 0.0060 0.0077 0.0094 0.0120 0.0125

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 0.0025 0.0038 0.0058 0.0075 0.0090 0.0110 0.0120

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 0.0020 0.0036 0.0054 0.0070 0.0085 0.0100 0.0110

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 0.0032 0.0045 0.0065 0.0080 0.0100 0.0120 0.0140

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 0.0027 0.0042 0.0063 0.0078 0.0095 0.0110 0.0128

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 0.0022 0.0036 0.0056 0.0074 0.0088 0.0100 0.0113

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 0.0035 0.0050 0.0070 0.0085 0.0120 0.0125 0.0135

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 0.0030 0.0048 0.0068 0.0082 0.0100 0.0125 0.0140

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 0.0024 0.0039 0.0065 0.0078 0.0090 0.0130 0.0114

Thus the addition of organic corrosion inhibitors

(based on amines) to aluminium flakes pigment show

negative action and produce paint films of less

protective properties. This means that, the addition of

different ingredients to a paint system do not promote

the mechanism of protection. Thus, selection of

ingredients of nearly similar or suitable mechanism

should be studied perfectly to get paint film of

maximum corrosion protection properties.

The obtained results can be summarized in the

following points:

C Aluminium flakes pigmented paints free of amines

adducts (formulations 1-3) protect carbon steel by

the formation of physical barrier, which covers

completely the metal substrate, minimizing the

penetration of vapor and water molecules from the

surrounding medium. The protection properties

increase by increasing the pigment content, where

bright metal surface is obtained at the end of

corrosion test period.

C Paint films of slightly less adhesion and blister

resistance can be obtained by using 0.2 g adduct



J. Appl. Sci. Res., 4(10): 1149-1154, 2008

1154

per 100 g solid paint in combination with 25% of

aluminium pigmented paints (formulations 6 and

9), are thought to be mainly dependent on the

protective physical barrier of aluminium flakes.

C Paint films of formulations No. 4 and 7, where

aluminium pigment content decreased to 8 % and

0.6 g adduct per 100 g solid paint is added

showed a very bad adhesion and few blisters of

small size at the end of the corrosion test period.

Dark brown color has been observed on and under

the paint film, which may be attributed to the

reaction between the used organic amines and

stearic acid, producing paint films of high porosity

with non oriented aluminium flakes and very high

water up-take values all over the immersion time

in water, i.e. less protective properties.

C Paint No. 5 and 8 where the aluminium pigment is

moderate (15% and 0.4 g amine adduct per 100 g

solid paint is added, gives moderate protection

properties, where, no blisters and medium loss of

adhesion. The bright metal surfaces obtained under

the paint films are greatly influenced by the nearly

adsorbed amine adducts all over the metal surface.

C Finally, a comparison of the results of all

formulated paint is done, taking into consideration

the results of paints formulations B, B1, B2 and

B3. It is clear that, 0.4-0.6 g of the prepared

amine adduct can be added to 100 g solid paint to

formulae anticorrosive paint completely free of any

corrosive protective properties as the corresponding

one containing 25% aluminium flakes pigment.

Conclusions: 

C The addition of the prepared amine adducts to the

paint system, do not affect the physico-mechanical

properties of the ultimate paint films.

C High efficient anticorrosive paints containing 0.4-

0.6 g of the prepared amine adduct per 100 g solid

paint completely free of anticorrosive pigment

could be prepared. Their efficiencies are more or

fewer equivalents to those containing one of the

powerful anticorrosive pigments (aluminium

flakes). 

C The trial to increase the efficiency of aluminium

flakes pigment by addition of small amounts of the

prepared amine adducts (0.2-0.6 g /100 g solid

paint) did not succeed. This may be attributed to

the basicity of the prepared amine adducts. Thus,

paint formulators must pay much attention to

choose paint ingredients that may act all together

to promote the mechanism of protection of both

organic inhibitors and the used anticorrosive

pigments.
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