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ABSTRACT

Nine selected fatty imidazoline surfactants witkyathain length of 11,15 and 17 carbon atoms
were synthesized and evaluated for their surfate@characteristics and corrosion inhibition
of mild steel in boiling 15% hydrochloric acid sttn at 110 + 2C for 0.5 1,1.5 and 3.0 h by
the weight loss method. The surface and adsorptbaracteristics showed that all the
investigated compounds have significant surfaceviictand distinguished inhibition efficiency
and followed Temkin’s adsorption isotherm.
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INTRODUCTION

Corrosion causes the destruction or deterioratiometals by chemical means in environments
to which they are exposed and results in enormoosamic losses[1]. Thus, the impetus for the
intense interest in studying inhibition efficiendgr many chemicals is due to economic

importance. Corrosion inhibitors are chemical coomus whose presence in small quantities
can retard corrosion of metal in aggressive enwrems. They are adsorbed onto the metal
surface and act by forming a barrier to oxygen rnuisture, by complexing with metal ions or

by removing corodants from the environment. Amiaead their derivatives are well known as

corrosion inhibitors for iron and alloys, theiragVely high water solubility is an advantage for

their use as inhibitors [2-4]. It has been foundttimost of the organic inhibitors act by

adsorption on the metal surface . [5]

The presence of heteroatoms in an organic compoauskes an adsorption process on the metal
surface which reduces metal dissolut{éh In spite of the widespread use of amines as
corrosion inhibitors, the inhibition mechanism rensaso far unexplained. However, generally,
in the case of physisorption an increase in tentperaeduces an inhibitor efficiency due to its
desorption from the metal surface[7,8]. Thus, firgdan inhibitor with high efficiency at low and
high temperatures is of substantial economic sigamice. On the other hand, recently, Quraishi
et al [9] have attracted interest not only to arroghain fatty acid derivatives but also in
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heterocyclic corrosion inhibitors. The increasingerest in using fatty acid derivatives as
corrosion inhibitors is due to their environmentdienign and low toxicity [10,11].

The aim of this paper was to synthesize some iiaityazoline derivatives and the study of their
surface properties and inhibition efficiency. Thdluence of inhibitor concentration on the

corrosion rate of the prepared fatty imidazolinewdgives containing between 11 and 17 carbon
atoms was studied using aqueous 15% hydrochlomcsatution and mild steel at a temperature
of 110 + 2°C. The surface properties of the investigated camgs were also examined through

surface tension, critical micelle concentration,lesalar surface area, efficiency, effectiveness,
surface tension reduction, free energy of micdilimaand critical micelle concentration/surface
tension reduction. The relation between the surtaeg adsorption properties and inhibition

efficiency was also investigated.

MATERIALS AND METHODS
Materials:
The fatty acids, lauric, palmitic and stearic aciwdere purchased from Prolabo laboratory
chemicals analytical grade, purity 99%. Diethyleia@ine, epichlorohydrin and
monochloroacetic acid were Merck chemically puradgr All solvents used throughout this
study were of the chemically pure grade and wexetitvnally distilled just before use.

Apparatus:

Melting points were determined with an Electrothari®9100 apparatus and were uncorrected.
IR spectra were obtained on a Vector 22 Burker tspeeter.'H nuclear magnetic resonance
'HNMR spectra were obtained using a 200 MHz signalidh Jemini spectrometer and mass
spectra was determined in a Model 5988 HB diod@yaspectrometer.

Synthesis:
The structure of the compounds synthesized is shiovBeheme (1) (compounds I-II).

RCOOH + H,N/ \NH/_\NH2 reflux in xylene_

reflux

CICH,CHOHCH,SO, Na N/_\ " CICH,COONa

RC HN / \NH/ \NH,

N> NH,
| T
b\ | N 7a

\Yl Y bcos
CH.COO
R CHCH-NH- FH -CH-CH,SO, R )

OH

I
Scheme (1)
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Compounds {l.) were prepared by reacting the appropriate fattgs with diethylenetriamine
in xylene, followed by purification. The productitained were converted into compoundgdll
by reaction with sodium monochloroacetate in preseof NaCOs;. Compounds (I were
prepared by condensation of the correspondirgvith sodium 1- chloro - 2-hydroxypropane
sulfonate, the products were recrystalized fronoklbs ethanol.

2-Alkyl-N-(2-aminoethyl) imidazoline,.d. A solution of lauric acid (4g, 0.02mol) in xylene
(50ml) was added dropwise by a syringe to a satutibdiethylenetriamine (2.06g,0.02mol) in
xylene (25ml). After addition was complete (1h)e tleaction mixture was refluxed for 4h. The
solvent was removed and the residue was recrysdllifrom ethyl acetate to give the
imidazoline derivatives {l). The same procedure was followed for the premaraif palmitic
and stearic acid derivatives.

The following results were obtained for compougdyéllowish white crystals, yield 83%, m.p
80°C. The infrared spectra of 2-lauryl-N-(2-aminoe}hiyhidazoline showed the characteristic
absorption band at 1604chof C=N, at 2862 cfit 2926 cm® for CH-aliphatic and at 3284 ¢
for -NH,.'HNMR revealedsH (CDCk) 0.8 (3H, t, CH), 1.25 (20H, s, (Chlio), 1.6 (2H, s,
NHy), 2.15 (2H, t, CH-NH,), 2.75 (2H, t, N-CH), 3.3 (2H, t, CH-N), 3.6 (2H, t, CEN=C).
The mass spectra showed a molecular ion peak aR&7/41.76%) with a base peak at m/z 85
(100%).

2-Alkyl-N-(2-aminoethyl)N-carboxymethyl imidazolinél,... Sodium monochloroacetate
(2.179,0.01mol) was added to (2.679,0.01mol) 2ylabir(2-aminoethyl) imidazoline solution
in100 ml acetone in 250 ml Erlenmeyer flask. Thetune was heated under reflux for about 5h,
left to stand for 2h and the solvent was distilbéidunder reduced pressure where a solid product
was obtained (yield 77%; m.pl3QC). The infrared spectra of 2-lauryl —N-(2-amingthN-
carboxy methyl imidazoline showed the absorptiondsafor C=N at 1602 cfy at 1650 crm'*

for C=0; at 2856 cit, 2924 cm* for CH aliphatic and at 3288 ¢cfrfor NH.

2-Alkyl-N-(2-aminoethyl) N-(2-hydroxypropanesulfte)alll,... 3-chloro, 2-hydroxy propane
sulfonate (1.7 g , 0.01 mol) was heated underxdthu 1 h with lauryl imidazoline (2.67g , 0.01
mol) in 100 ml ethyl alcohol. The reaction mixtunas cooled to room temperature. After
removal of inorganic salts and crystallization fretmyl alcohol, a solid product was obtained
(yield : 81.2 %; m.p 120C ). IR spectra: showed expected absorption bah@©Og-O at 1422
cm‘i; at 2974 cm' and 2924 crt for CH aliphatic; at 3356¢cm for —OH stretch, and at 1048
cm - for N*.

Surface Active Properties

Surface tension measurements were carried out uBlmgNouy mobile digital surface
tensiometer K9. The surface tension was plottethagthe logarithm of the concentration of the
solution, the critical micelle concentratiocn{g values were obtained at points on these curves
where inclination started to change. MolecularatefareaXin), efficiency pC,o) effectiveness
Teme free energy of micellizatiofGnic), were carried out as described elsewhere[12-15].

Corrosion weight loss test:

Weight loss measurements were carried out as descpreviously [16]. The mild steel used
had the following composition (wt %): 0.045C, 0.6110.360Mn, 0.015S, 0.010Si, the
remainder Fe. The specimens were polished witkerdifit grades of emery paper down to 600,
degreased with acetone and dried. Hydrochloric &c%®6) was used as blank corrosion test
solution. Triplicate mild steel strips were immats@ 200 ml of inhibited and uninhibited
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solutions and boiled for 0.5,1.5 and 3.0 hr at #20C. Inhibition efficiencies for 125, 250, 500
and 1000 ppm concentrations of the tested compoweds calculated from the difference in
weight loss values in the absence and presendeedfurfactants in the 15% hydrochloric acid
solution.

RESULTS AND DISCUSSION

Diethylenetriamine reacted with fatty acids (laupalmitic and stearic acids) to form fatty acid
monoamides, which were cyclized to 2-Alkyl-N-(2-aoéethyl) imidazoline that contain a free
amine group @o. The purity of the products was checked by detemtion of the acid number
which showed analytical figures in agreement wlii theoretical calculated values (Table 1).

2-Alkyl-N-(2-aminoethyl) imidazolines £{l) were further carboxymethylated with sodium
monochloroacetate to give 2-Alkyl-N-(2-aminoethihcarboxymethyl imidazolindl(,.c). These
derivatives were completely soluble in water askifadft points were all below #C.

2-Alkyl-N-(2-aminoethyl) imidazolines {l) were also treated with 3-chloro-2-hydroxypropane
sulfonate to produce derivatives containing stramgc solubilizing sulfonate and hydroxyl

groups (l1L-9).

Surface characteristics

The coupled hydrophobic and hydrophilic groups witihe same molecule impart them evident
surface activities. Thus, plots of the surface itensersus logarithm molar concentration of
aqueous solution of the surfactants (Fig. 1 ansh®wed that for each chain length, there was a
gradual decrease in the surface tension with iser@aconcentration of solution up to a certain
point above which a nearly constant value was nbthi

The surface tension at the cmgq{), the critical micelle concentratiarig, maximum excess
concentrations {) and the minimum surface molecular arBa;{) indicated that all members of
these derivatives possessed evident surface behl@able 2 and 3). It was widely known that
the decrease of the surface tension in the regitowbthe ¢mq indicated the absorption of the
surfactant molecule at the air/water interface tnad, in the region above the cmc the surfactant
molecules were closely packed at the surface ofstiiation. Accordingly, the slope of the
straight portion near the cmc suggested saturattsorption of the surfactant molecules at the
air/water interface. The amount of adsorption affaiants at the air/water interface may be
calculated by applying the Gibbs adsorption equdtl@] .

The data of standard free energy of micellizatidG{;;) surface tension reduction ¢ ,
efficiency (pGo ), (cmc /Gy ) and effectivenesglemc) at the liquid / air interface at ®5was
illustrated in (Tables 4 and 5). It was found tbath efficiency pGo and the ratio cmc /45
increased with the increase in the number of cadioms in the alkyl chain of the hydrophobic
portion of the surfactants which means an incréagbe tendency of absorption relative to the
tendency of micellization as the chain length @f tlydrophobe increased.

Weight loss measurements

The values of percentage inhibition efficiency I and corrosion rate obtained by the weight
loss method at different concentration of fattyidazoline derivatives in 15 % HCI under
boiling condition are summarized in (Tables 6-8).
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Corrosion inhibition of metal in acidic media byganic inhibitors is commonly attributed to the
adsorption of organic molecules on metal surfacel the inhibition efficiency is directly
proportional to surfactant coverage . [17]

The % IE and surface coverag®) (vere calculated using the following equations:

% IE = {(W° — W) /W} X 100
6 =W -w) /W

WhereW°andW are the weight loss in the absence and presenodibftors, respectively. The
data showed that the % IE increased with increasomgentration of inhibitor and maximal %
IE was obtained at 1000 ppm of inhibitor for ak ttlerivatives. The % IE of alkyl imidazolines
at maximal concentration (1000 ppm) follows theeordf increasing alkyl chain length 535

> CysHz> CiiHoa

Corrosion inhibition tests at different immersiomés were also carried out on mild steel using
concentrations of 125, 250, 500 and 1000 ppm,réisggcThe % IE of all inhibitors decreased
with increasing test duration from 0.5 to 3.0 heTdecrease in inhibitor effectiveness at longer
immersion times (3 h) can be caused by variouofaguch as increase in hydrogen evolution
kinetics or increase in concentration of ferroussifi8].

One plausible mechanism for the corrosion inhibitiexhibited by the fatty imidazoline
derivatives used in this study is that through gatson. Thus, imidazoline derivatives can
adsorb onto metal surface through the lone paeleftrons present on nitrogen and/or sulfur
atoms and through electrons present in the imidazoline ring. To te& hypothesis, we plotted
the surface coverag®) and logarithm concentration values where straligiels were obtained
(Fig4-6).These observations suggest that adsorpfidatty imidazoline derivatives to the mild
steel surface /acidic solution interface occuretiag to Temkins adsorption isothefh®].

< Lauric = Palmitic

+ Stearic

s0 s

as 0
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Fig.(1)Plots of surface tension vs.Log C for Fig (2) Plots of surface tension vs.Log C for
imidazoline derivatives lla-c in agueou: solution imidazoline derivatives llla-c in agqueous solution

Moreover fatty imidazoline derivatives may existaaid solution as neutral molecules or in the
form of cations. Thus, they can adsorb on the meiider surface in the form of neutral
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molecules via chemisorption mechanism involvimg sharing of electrons between the atoms of
nitrogen and / or sulfur with ird20] or they can also adsorb on the metal surfadbe form of

a positively charged protonated species which cdaract electrostatically with negatively
charged metal surfacg&l]. Since the corrosion inhibition mechanism offactants depends on
their ability to adsorb on the corroding surfacenting a protective layer, so, the critical micelle
concentration (cmc) considers a key factor in deiteing the effectiveness of surfactants as

corrosion inhibitors[22]

Table (1) : Physicochemical Characteristics of Alkyimidazoline Type .. Surfactants.

Il
R—C——N-CH,CH,NH,

R MC':P Y:)Zld Acid number
CuHys | 80 83 1.88
CisHz | 60 85 0.90
CiHss | 72 90 1.50

Table (2) : Surface Tension at CMC+f.,) Critical Micelle Concentration (cmc), Maximum Surface Excess Concentration
(Tmax) and Minimum Area/Molecule (A% at Liquid air Interface at 25°C of Alkyl Imidazoline Type Il .. Surfactants.

N
R—‘c‘:—erCHZ(:HZNH2
(‘3H20007
1
R Kra]lt: pt. rr?lc\ln}?n n:gl]/(l:_ rx 10°° mol/cn? Area/An\20I ¢
CiiHaz <0 285 | 891x16 2.03 81
CisHar <0 29.1 | 758 x1b 2.28 72
CyiHas <0 32.4 | 4.46x16 2.67 62

Table (3) : Surface Tension at CMC+.,) Critical Micelle Concentration (cmc), Maximum Surface Excess Concentration

(Tmax) @nd Minimum Area/Molecule (A% at Liquid air Interface at 25°C of Alkyl Imidazoline Type Il 4 Surfactants.

R—C—N

N
|

+
-CH,CH,NH,

CH,CH-CH,SO;Na

OH
Krafft pt. | peme cmce 0 Area/mol C*
R T mN/m| molL | TX 10° mol/cn A?
CiiHos <0 26.8 | 2.9x10 2.28 72
CiHay <0 28.0 | 29x10 2.46 67
CiHzs <0 30.7 | 3.4x106 2.80 59
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Table (4) : Standard free Energy of Micelleization AG,,), Surface Tension Reduction (), Efficiency (PC,), cmc/cg
Ratio and Effectiveness f.¢) at the Liquid air Interface at 25°C of Alkyl Imidazoline Type Il ... Surfactants.

N/ﬁ
| +
R—C——N-CH,CH,NH,

CH,CO0

R AGric Cyxo PCy CmC/Czo TEme

KJ/mol mN/m

CuHys | -17.10 | 5.98x 10| 3.22| 1.48 | 21.94
CiHai | -17.50 | 4.89x 10| 3.30| 1.55 | 22.44
CiHgs | -18.79 | 251 x1d| 3.60| 1.77 | 23.71

Table (5) : Standard Free Energy of MicelleizationAG,c), Surface Tension Reduction (&), Efficiency (PCy), cmc/Gg
Ratio and Effectiveness ) at the Liquid air Interface at 25°C of Alkyl Imidazoline Type Il 4 Surfactants.
N
Il +
R— C——N-CH,CH,NH,
|
CHZC[H—CHZSOSNa
OH

AGmic TEmc
KJ/mol Ca0 PCp | emMC/Geo mN/m

CiyHys | -17.38 | 555x 10| 3.25| 1.43 | 21.65
CisHay | -18.51 | 3.29x 10| 3.48 1.53 22.16
CiHass | -19.07 | 1.07x 16| 3.97 1.66 23.20

R

Table (6): Corrosion parameters® for mild steel in boiling 15% HCI (105 _42) in the absence and presence of four
concentrations of three inhibitors for 0.5, 1.5 ad 3 hours.

Concentration| Weight | LE." | C.R® | Weightloss | .LE® | C.R® | Weightloss | LE.” | C.R¢
(ppm) Loss (9) | (%) | (mmpy) Q) (%) | (mmpy) Q) (%) | (mmpy)
05 h Nﬁ/N/_\NHZ N§/|\|/_\N|_|2 Nﬁ/N/_\NHZ

CyHy CisHa CyiHgs
1.030 - 0.504 1.030 - 0.504 1.030 - 0.504
125 0.423 58.93 0.208 0.385 62.62 0.504 0.379 63.2D0186
250 0.201 80.48 0.099 0.197 80.87 0.189 0.189 8[L.a5093
500 0.117 88.54 0.057 0.111 89.p2 0.097 0.105 8P.&D051
1000 0.020 98.0%5 0.009 0.017 98.34 0.008 0.014 498.6).007
1.5h
1.850 - 0.304 1.850 - 0.304 1.850 - 0.304
125 1.220 33.56 0.200 1.163 37.13 0.191 1.143 3B.2D0187
250 0.911 50.57 0.149 0.796 56.07 0.130 0.739 60.@h121
500 0.425 77.02 0.069 0.397 78.64 0.065 0.373 79.88061
1000 0.113 93.89 0.018 0.093 94.07 0.015 0.085 095.4.014
3h
2.146 - 0.176 2.146 - 0.176 0.176 - 0.176
125 1.660 22.64 0.136 1.530 28.7f0 0.125 1.490 30.86122
250 1.320 38.44 0.108 1.280 40.85 0.105 1.190 44.51097
500 0.980 54.33 0.080 0.923 56.00 0.075 0.918 5)7.22075
1000 0.701 71.99 0.049 0.570 7343 0.046 0.490 67|7.20.040
2 Determined from weight loss measurementdnhibition efficiency and corrosion rate in millimeters per year
32
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Table (7): Corrosion parameters? for mild steel in boiling 15% HCI (105 +2) in the absence and presence of four
concentrations of three inhibitors for 0.5, 1.5 ad 3 hours.

Concentration | Weight| I.LE.°® | C.R® | Weightloss | LE.® | C.R® | Weightloss | LE.” | C.R¢
(Ppm) loss (g) (%) | (mmpy) (9) (%) | (mmpy) (g) (%) | (mmpy)
05h / \NH, N~ |\|*/ \NH, N =~ N/ \N

' \I/CH coo \]/CHZCOO— CH coo
11 23 C15H31 17 35

1.020 - 0.503 1.020 - 0.503 1.020 - 0.503
125 0.396 | 61.17% 0.195 0.372 63.62 0.183 0.369 63.82182
250 0.195| 80.8§ 0.096 0.188 81.66 0.093 0.182 8R.1%089
500 0.105| 89.7¢ 0.051 0.094 90./8 0.046 0.090 91.17044
1000 0.013| 98.72 0.004 0.011 98.92 0.005 0.010 299.®M.009
15h

1.880 - 0.309 1.880 - 0.304 1.880 - 0.309
125 1.020 | 45.74 0.167 0.980 47.87 0.161 0.950 4P.45156
250 0.751| 60.05 0.123 0.711 621 0.116 0.696 62.9¥114
500 0.396 | 78.93 0.065 0.323 82.81 0.0%3 0.301 8(3.98049
1000 0.109| 94.2( 0.017 0.081 95,69 0.013 0.076 595.9.012
3h

2.149 - 0.176 2.149 - 0.176 2.149 - 0.176
125 1.250 | 41.83 0.103 1.223 43.08 0.101 1.197 44.29098
250 1.020 | 52.53 0.084 0.980 5439 0.081 0.971 54.81079
500 0.683 | 68.21 0.056 0.655 69.62 0.0%4 0.635 70.45052
1000 0.318| 85.2( 0.026 0.305 85,80 0.025 0.289 586.9.024

3 Determined from weight loss measurementsnhibition efficiency and corrosion rate in millimeters per year

Table (8): Corrosion parameters?® for mild steel in boiling 15% HCI (105 +2) in the absence and presence of four
concentrations of three inhibitors for 0.5 , 1.5 ad 3 hours.

Concentration | Weight | LE.® | C.R¢ Weightloss | I.LE.* | C.R® | Weightloss | LE.” | C.R¢
(ppm) loss (g) (%) | (mmpy) (9) (%) | (mmpy) (9) (%) | (mmpy)
05h N/‘\NH m*/ \NH, N N/‘\NH
f‘?H ~CH,NH-CH,-GH-CH ,50, (‘3H2-CH2-N H-CH,-CH-CH, SO, TE'H -CH,-NH-CH,-GH-CH, so,
117123 OH C.sHay o 177738 OH
1.080 - 0.532 1.080 - 0.537 1.080 - 0.532
125 0.369 | 65.83 0.18] 0.355 67.13 0.175 0.333 6P.17164
250 0.197 | 81.76 0.097 0.189 8250 0.093 0.182 58B.10.090
500 0.099 | 90.83 0.048 0.094 91.p9 0.046 0.089 91L.76043
1000 0.015 | 98.61 0.007 0.013 98,79 0.006 0.011 898.9.005
15h
1.900 - 0.321 1.900 - 0.317 1.900 - 0.312
125 1.180 | 37.89 0.193 1.119 4112 0.184 1.115 41.32183
250 0.890 | 53.12 0.146 0.879 5370 0.144 0.871 654.10.113
500 0.398 | 79.03 0.065 0.395 79.21 0.064 0.391 7D.42064
1000 0.096 | 94.94 0.01§ 0.084 9531 0.013 0.079 495.8.012
3h
2.160 - 0.177 2.160 - 0.177 2.160 - 0.177
125 1.600 | 25.93 0.131 1.560 2778 0.128 1.530 2P.17125
250 1.180 | 45.37 0.096 1.114 4843 0.091 1.105 448.8.091
500 0.913 | 57.73 0.075 0.903 58.19 0.074 0.900 58.38073
1000 0.511 | 76.34 0.042 0.452 79,07 0.087 0.405 5811.2.033

3 Determined from weight loss measurementsnhibition efficiency and corrosion rate in millimeters per year
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Fig.(3): Temkin's adsorption isotherm plots for theadsorption of 2-Alkyl, N-(2-aminoethyl) imidazolne in
15% boiling HCI on the surface of mild steel
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Fig.(4): Temkin's adsorption isotherm plots for theadsorption of 2-Alkyl,N-(2-aminoethyl)N-carboxymehyl
imidazoline in 15% boiling HCI on the surface of mid steel
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Fig.(5) Temkin's adsorption isotherm plots for theadsorption of 2-Alkyl, N-(2-aminoethyl) N-(2-
hydroxypropanesulfonate) in 15% boiling HCI on thesurface of mild steel

CONCLUSION

(i) All the fatty imidazoline derivatives are surfaaeiae molecules as they have the ability to
reduce the surface tension and to adsorb at thillicair interface as well as micellization .
(i) They show good inhibition efficiency in boiling 15rkCI .
(iif) The inhibition efficiency of all derivatives incr&as with increase inhibitor concentration.
(iv) The inhibition efficiency of all compounds decreaseéth increase immersion time .

(v) The inhibition efficiency of alkyl imidazoline deatives follows the order of
aIkyI chain Iength: GHss> CisH31> CiqHos.
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(vi) The adsorption of all derivatives on mild steelnfracidic solution obeys a Temkin’'s
adsorption isotherm.
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