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Introduction:-

There have been recent moves to reduce the use of certain classes of surfactants polluting the environment and to
replace them with more environmentally friendly and cost efficient surfactants The use of the nonionic surfactants
is a current trend in research to replace the charged anionic and cationic surfactants by more environmentally safe
surfactants also producing new biodegradable surfactants from renewable resources is another trend.(Sonesson et
al,(2007);Kuntom et al,(1998);Berna et al,(1998);Larry et al.,(1998);Basu et al.,(1998).

Itaconic acid (IA) is an unsaturated dicarboxylic acid, nontoxic and readily biodegradable. (1A) is industrially
produced in a high yield through the fermentation of starch. It was listed as one of the top value added chemicals
from bio-mass by the US Department of energy. (Werpy et al.,(2004)), (1A) and its derivatives due to their unique
structures and characteristics can be used as starting materials for the synthesis of polymers (Dwiartil et
al,(2007).Furthermore, it shows great potential in synthesis of polymerizable surfactants, however, up to date, there
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are few reports related to the synthesis of itaconate - base surfactants ( Parsath et al (2005); Junwei et al,(2011);Jun
,et al(2016).In the present paper we prepared a novel series of oxypropylatedtriethanolaminediesteritaconate base
polymeric nonionic surfactants ,the surface activity , surface parameters ,biodegradability and efficiency of these
surfactants as corrosion inhibitors against the dissolution of aluminum alloy in acidic medium were investigated
using weight loss and potentiodynamic measurements.

Experimental procedures:-

Reagents:-

Itaconic acid (loba chemie,98%) ,fatty alcohols(Octayl , Layryl,Cetyl)(Adwic ,98%)triethylamine [sigma-
Aldrich,98.8 %] acrylonitrile and allylalcohol (Alpha Chemie>98%) ,fatty acids (decanoic ,myrestic and stearic
acids) (FlukaChemika > 98%) propylene oxide( Aldrich 99 % (T) p toluene sulphonic acid, hydroxyl amine
hydrochloride and potassium hydroxide (Winlab 98%). All solvents were dried and supplied by (Al- Gomhuria Co
.Egypt) Aluminum alloy used in this study has the following composition (wt %) Mg 0.0015 , Si 0.22, Fe 0.16, Cu
0.19 , Zn 0.0014, Ti 1.5 , Mn0.0011 and the remainder is Al, supplied by Zhejiang ShauanglinJining Metal
Technology Co ,Ltd,Zhejiang, China.

Synthesis procedures:-

Preparation of itaconic monoester:-

The monoester was prepared by refluxing a mixture of itaconic acid (1mol) with fatty alcohols (octyl, lauryl, cetyl)
(0.5 mol ) respectively in benzene for six hours , using p-toluene sulphonic acid as a catalyst, after cooling reaction
mixture , distilled water was added. The benzene layer containing the monoester was separated and dried overnight,
and then vacuum distilled to obtain the crude product .Further purification was affected by fractional distillation
under vacuum .(Azab et al, (2001))

Preparation of triethanolaminediesteritaconate:-

Triethanolamine (0.1mol) was esterified by (0.1 mol ) of monoester itaconic acid using xylene as a solvent and p-
toluene sulfonic acid as a catalyst .At the end of the reaction ,when the theoretical amount of water was removed
(1.8ml), the product washed by NaHCO; solution at 40° to neutralize the catalyst, then triethanolamine
diesteritaconate was extracted three times by petroleum ether(50 ml).Solvent was stripped off by rotator evaporator
followed by complete drying of the ester using dry oven at 30°c under vacuum (Negm,2000).

Oxypropylation of triethanolamine diesteritaconate:-

0.5wt% KOH solutions containing 0.01 mol of the ester was stirred and heated to 70% respectively, while passing a
slow stream of nitrogen through the system to flush out oxygen. After stopping the nitrogen stream, the propylene
oxide was dropping with continuous stirring and heating under an efficient reflux system to retain the propylene
oxide .The reaction was conducted for different intervals of time ranging from 1-10 h. From the increment in the
mass of the reaction mixture the average degree of propoxylation were determined (Morgos et al, (1983); Ahmed et
al, (1996) .The selected average numbers of moles nare 5, 10, and 15 (monomer A).

Preparation of amide oxim (monomer B):-

Hydroxylamine hydrochloride (3.5g, 51mmole) in methanol (30ml) was added to sodium hydroxide (2.11g,
50mmole) in methanol (30ml) at- 25°%, and insoluble solids were separated off by filtration. Acrylonitrile in
methanol (20mmol, 40 ml) was dropped on this filtrate, after stirring for 24 h .at room temperature the mixture
filtered again and evaporate .To the residue insoluble solid 50 ml of methylene chloride was added then the crude
product was obtained by evaporation of the filtrate (Monomer B) (Eissa et al, 1994).

Preparation of nonionic surfactants (copolymerization reaction):-

The copolymer were obtained by the solution polymerization techniques.The monomers were placed in
polymerization tubes and diluted with dimethyl formamide .The polymerization was initiate by adding 1 mol %
benzoyl peroxide as a free radicals initiators.The tubes were flushed with nitrogen gas for about 20 min. then sealed
and thermo stated at 65°c for about 17-30hr depending on the monomer pairs and composition . The copolymer were
obtained by repreciptation from petroleum ether (40-60°) and finally vacuum at 60°c.Then the product polymer was
cooled and neutralized with Sodium hydroxide solution (Azab, 2005).Scheme 1 shows the chemical structures of the
synthesized compounds.
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Elemental Analysis:-

The structures of the investigated surfactants were confirmed by infrared (FTIR) and nuclear magnetic resonance 'H-
NMR). Infrared spectroscopic analysis was performed by KBr disk method using a Fourier transform infrared
spectrophotometer (FTIR) and 'H-NMR spectra were recorded using Varian-300Mercury 300 MHZ spectrometer
with TMS as an internal standard and DMSO-D°

Gel Permeation Chromatography:-

The molecular weights of the prepared surfactants were measured by GPC water Model 600 E and are provided in
Table 2

Properties of the prepared surfactant:-

Surface tension andCritical micelle concentration (CMC) measurements:-

Surface tension was determined at room temperature by using a Du-Nouy international tensiometer with a platinum
ring (Abdel-Salam et al, 2011), also interfacial tension were obtained using the same procedures as the surface
tensions measurements (Han et al, 2009; Negm, 2013) and by plotting of the surface tension versus the - logarithm
concentration of surfactant at temperatures 303,313 and 333K, the point of break was taken as the CMC value
(Colwell et al, 1961).

Effectiveness (tcuc):-
The effectiveness of a certain surfactant (mcmc) is calculated from equation (1)

TICMC= Y0 —VCMC +vvvvrnvnenennnnn (1)

(yo) the surface tension of pure water and ycyc the surface tension of the surfactant solution at the critical micelle
concentration (Negm, 2007).

Maximum Surface Excess I yay

The maximum surface excess I'maxcan be calculated according to equation (2)

-1, 68
Fmax= ﬁ (ﬁ) ................. (2)

Where R is the universal gas constant (8.314 J mol™k™) and T is the absolute temperature (t+273K), (8y/8ln c) is the
slope of a plot of surface tension versus concentration curves below CMC at constant temperature.

Minimum surface Area (Amin)

Minimum surface area (Anin) can be calculated using equation (3) (Negm et al, 2007)

N,y is Avogadros number and Ani, is given in nm?molecule™

Emulsification power:-

Emulsification power was measured as mention previously in (Eissa et al, 2012)

Biodegradability:-

The biodegradability test in river water of the prepared surfactants was carried out using the surface tension method
(DU-Nouytensiometer, Kruss type Kg) using a platinum ring (Falbe, 1986)

Gravimetric measurements:-

The inhibiting efficiency to corrosion of the prepared surfactants was measure using a weight — loss technique(
Emregul et al ,2004)) .The experiments were performed using aluminum specimens have total surface area
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3cm? corrosive solutions of 1M HCI and three different surfactants concentrations (100, 300, 500 ppm ) prepared
from doubly distilled water. The specimens were dipped in 100ml of the corrosive solution at30°c for a period of
four hours .The experiments were carried out on triplicate specimens in the present and absence of surfactant and the
average corrosion rate and inhibitor efficiency were calculated using equation (4,5)(Negm et al, 2008).

Coit @
m =1"Waddy 100 (5)

free

Wherew; and w,are the weight of the specimen after and prior to immersion in the test solution
A area of the specimen (cm?), T is the immersion Wiee and W,qqare the weight loss of aluminum in the absence and
presence of the tested inhibitors, respectively.

Electrochemical measurement:-

The potentiodynamic polarization method was used to determined the cathodic and anodic polarization curves for
aluminum in 0.1MHCI in absence and presenceof different concentration of the synthesized surfactant the working
electrode was made of aluminum embedded in Araldite holder with area 1cm?.Calomel electrode and Ptwirewas
utilized as a reference and counter electrode respectively .The polarization curves were determined using
Mensbergerpotentiostate PS6 with controlling softwarePS remote. All experiments were carried out at scanning rate
of 2mv/sec. (El-Etre et al, 2017)

SEA observation of the metal surface:-
Thesurface morphologies of the metal before and after immersion in IMHCI in presence and in absence of the
synthesized surfactant were observed by SEM image using a JEOT (5400) scanning electron microscopy.

Results and discussion:-

Structure:-

The structure of the prepared compound confirmed using FTIR and 'H-NMR spectroscopy .FTIR spectra of
surfactant C; as a representative samples for the other surfactants ,showed the following bands at 3401 cm™
and3285cm™ correspond  to( NH) and( OH) group ,two absorption bands appeared at 2933cm™ and
2927orresponded to asymmetric and symmetric stretching of C-H group; and two bands at 1655 and 1731 cm’
Ycorresponded the stretching of C=N and C=0 respectively while the ether linkage appeared at 1095cm™.(Fig.1)

'H-NMR spectroscopic analysis of surfactant C, as representative for the synthesized surfactant showed the
characteristic signal shifts 6 (ppm) at 0.984 ppm (t,3H of terminal CHz) , 1.227 (m,28Hof CH,),2.727(t,2H of CH,-
0-C=0),3.189-3.252 (m,6Hof repeated propylene oxide units ),4.002( singlet ,1H of CH,.CH-C=N-),and 7.9(broad
s,1Hof OH) Fig 2.( The chemical structures and the preparation steps of the synthesized surfactants represented in
scheme 1)
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Fig (1):-IR spectra of the nonionic surfactant C3

Fig( 2 ):-*H-NMR spectra of nonionic surfactantC,
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Scheme (1):-preparation of the nonionic surfactant
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Surface Active Properties of the Synthesized Nonionic Surfactants:-

Fig3 represents the relationship between surface tensions versus -log concentration of the synthesized surfactants at
30%. It can be seen from the figure that the surface tension decrease by increasing the concentration of the
surfactant and the number of the polyoxypropylene chains attached to the surfactants. The critical micelle
concentration (CMC) of these surfactants was determined by the intercept of the pre and post- miceller trend in
figure these values are listed in Table 1.From the table it is clear that the CMC values increase by increasing the
number of polyoxypropylene units attached to the polymer because increasing the hydrophilic character of the
surfactant improves the solubilityof it in water and lower the tendency of the surfactant to form micelles(Negm et
al , (2008);(2015).However ,the CMC values decrease as the number of methylene groups participated in the
hydrophobic chains increases because the repulsion between these molecules and the aqueous phase is consequently
increased and forces the surfactant molecules to the interface (Chandar et al,(2011) .It was observed also as a
result of breaking of the hydrogen bonds by increasing the temperature from 30°c to 60°c the surfactants molecule
separate from the aqueous phase to form micelles, consequently the CMC values also decrease. (Negm et al, 2011).
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Fi g (3):-relation between surface tension and —log concentration of the nonionic surfactants

The maximum surface area I'ma in mol/cm?was calculated from equation (2) were listed in Table ( 1) and used to
calculate (Amin) using Eq (3) .From the data in Table (1), it can be concluded that by increasing the number of
polyoxyproplene unites in the nonionic chain I'yay Values decrease, as does increasing the temperature from 30°c to
60°c.However, by increasing the temperature theA;, values increase due to the coiling of the nonionic hydrophobic
chains at the interface.
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Table 1:-Surface and thermodynamics properties of the synthesized nonionic surfactants at 30, 40 and 60°C

Surfactants | Number T Yeme CMC TToMe T max Anin AGpic AGgs
of moles (mN/m) | (mol/L) | (mN/m) | (mol/cm?) KJ KJ
of 0™ (A%mol) | mol* | mol™
propylene 10°®
oxide

303 43 0.0001 29 1.55 1.07 -23.2 -41.89

Ay 5 313 42 0.00008 | 30 1.33 1.24 -24.55 | -46.95

333 41.5 0.00006 | 30.5 1.12 1.48 -26.91 | -54.09
303 41.5 0.00032 | 30.5 1.309 1.268 -20.27 | -43.56
A, 10 313 41 0.00028 | 31 1.087 1.53 -21.29 | -49.85
333 40 0.00022 | 32 0.93 1.78 -23.32 | -57.62
303 41 0.001 31 1.15 1.44 -17.4 -44.29
As 15 313 40.5 0.00079 | 315 1.08 1.53 -18.59 | -47.6
333 39.5 0.0006 32.5 0.83 2.00 -20.54 | -59.69
303 435 0.00003 | 28.5 3.25 0.51 -26.23 | -34.98
B, 5 313 43 0.000028 | 29 3.00 0.55 -27.28 | -36.88
333 42 0.000025 | 30 2.83 0.586 -29.33 | -39.92
303 43 0.00006 | 29 2.897 0.573 -24.49 | -34.5
B, 10 313 425 0.00005 | 29.5 2.73 0.608 -25.77 | -36.57
333 41 0.00004 | 31 2.59 0.641 -28.03 | -39.99
303 42 0.0001 30 2.5 0.664 -23.27 | -35.19
Bs 15 313 41 0.000079 | 31 2.83 0.697 -2458 | -37.59
333 40.5 0.000066 | 31.5 2.167 0766 -26.65 | -41.12
303 46.5 0.000012 | 25.5 4.25 0.39 -28.54 | -34.53
C, 5 313 455 0.000011 | 26.5 4.05 0.412 -29.71 | -36.28
333 44 0.0001 28 3.96 0.419 -31.61 | -38.67
303 44.5 0.00005 | 27.5 3.96 0.419 -24.9 -31.89
C, 10 313 44 0.000039 | 28 3.71 0.447 -26.42 | -33.95
333 43 0.000031 | 29 3.62 0.458 -28.74 | -36.74
303 44 0.00008 | 28 3.68 0.45 -23.76 | -31.35
Cs 15 313 43 0.000078 | 29 3.45 0.48 -24.58 | -32.96
333 425 0.00007 | 29.5 3.3 0.503 -26.48 | -35.41

Thermodynamic properties of the synthesized surfactants:-

The free energy of adsorption and micelization of the synthesized surfactant were calculated according to the
following equations (Ziyafaddin et al, 2010) and are listed in table 1

AGpic= 2.3RT (log CMC)
AGags=AGpic — (0.6023 mcpmcAnmin)

Where R is the gas constant (8.314) T is the absolute temperature (K), mcmcis the effectiveness in (mN/m) and Anin
is the minimum surface area at interface by each molecule in nm*.The thermodynamic data show the negativity of
both AGpicandAG,gs Which reveal the spontaneous behavior of these two processes. Also, the more negativity of
AG,qs is evidence for the preferential tendency of the prepared surfactants towards adsorption at the air water
interface rather than formation of micelles in the bulk of the solution , the values of AG.decrease by increasing
the number of polyoxyproplene units in the nonionic surfactant molecules which could be attributed to the increase
in the solubility of the different analogous as the result of hydrogen bonds formation. On raising the temperature the
negativity of AG,. and AG,g are increased due to the stability of the adsorbed and micelized surfactant molecules
than the freely dispersed ones in the aqueous phase.
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Hydrophilic —Lipophilic Balance (HLB), Emulsion stability:-

The hydrophilic — lipophilic balance HLB of a surfactant is a measure of the degree to which it is hydrophilic or
lipophilic, and is determined as described by Griffin (Griffin, 1949). The calculated HLB values of the synthesized
compounds (listed in table 2) showed high solubility of them in both water and oil phase and according to their HLP
valueswhich ranged between 7and 11the synthesized surfactant were classified as water in oil emulsifiers, also these
HLB values qualifies these surfactants to be applicable in interfacial application mainly corrosion inhibition(Varka
et al,2004 ) Table (2) shows also the emulsion stability of this surfactants and reveals that it increased with
increasing the hydrophilic chain length.

Table 2:-surface tension, Interfacial tension, emulsification power and HLB of the synthesized surfactants

Surfactants Mol.Wt Number of | Surface Interfacial Emulsion

moles  of | tension tension stability HLB

propylene | (mN/m) 0.1 | (mN/m) 0.1 | (min)

oxide wt% at | wt % at 30°C | 1.0wt %

30°C

Ay 6230 5 40 14.5 45:09 9.65
A, 8312 10 41 15.5 47:38 10.19
Az 12632 15 425 16 52:12 12.32
B, 6440 5 41.5 15 51:52 8.76
B, 8960 10 42 15.5 54:33 9.31
Bs 11086 15 43 16 58:14 11.22
C, 7280 5 43 16 60:45 7.71
C, 9408 10 44 16.5 68:19 8.73
Cs 13768 15 455 17 72:32 10.53

Biodegradability:-

The biodegradability test was evaluated using a surface tension method (falbe ,1986).1t is clear from the result in
Table(3)that the presence of polyoxyproplyene units within the surfactants structure increases their ability towards
biodegradation(Galal et al, 2012). The biodegradation ratio of all of the prepared surfactants ranged from 88-100%
after 7 days only of the exposure to the microorganism. Furthermore, in surfactants A;andA,the biodegradation
extent was reached 100%. These values specified the synthesized surfactants as highly biodegradable compounds
which pass the international requirements level (70% after 28 days)

Table3 Biodegradability of the synthesized nonionic surfactants

Surfactants Number of [ I™day |2™day [3“day |4"day |[5"day |6"day | 7" day

moles of

propylene

oxide
Ay 5 56 62 70 75 82 89 -
A, 10 52 58 65 73 80 90 -
Az 15 48 53 60 68 77 85 92
B, 5 52 58 65 71 79 84 89
B, 10 50 55 63 69 75 80 88
Bs 15 47 52 57 65 74 80 90
C, 5 48 53 60 68 77 85 92
C, 10 47 50 57 66 75 83 89
Cs 15 47 49 55 65 71 82 88

Weight Loss Measurements:-

The values of corrosion rates and inhibition efficiency obtained from the weight loss experiments are shown in
Table 4. It is observed that the corrosion rate is gradually decreased by increasing the concentration of the inhibitors
that may be attributed to the increase in the adsorbed amounts of the inhibitors on the metal surface which protect it
from corrosive medium .1t was also observed from the table as the polyoxypropylene unit increases the corrosion
efficiency increase. The synthesized inhibitors have polyoxypropylene chains, amide oxime group and a great
number of double bonds(C=0) and hetero atoms (N, O) in their chemical structures. This unique structure beside
these highly electronegative groups make it can easily adsorbed on the metal surface which increases the
efficiency of these inhibitors considerably .The corrosion inhibition efficiencies of the synthesized inhibitors are in
the following order 3>2> 1.
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It was shown also from the table that the inhibition efficiency of the inhibitors within homologous series increases in
the orderC; >B; >A;z as the alkyl chain length increase and by correlated the data in ( Table 1 and 4) it was found
that as the CMC value of the synthesize surfactants decrease the corrosion inhibition efficiencies values are increase
becausethe lower CMC values indicate high repulsion in the aqueous bulk between water and surfactant molecules
which increases the adsorption tendency of the inhibitors molecules at the metal interface, increases the monolayer
formation on the metal surface, and consequently increases the inhibitors tendency.

In Fig (4)The corrosion rates were plotted against the immersion time at constant concentration of inhibitors
(C1,C,,Cy) .1t is clear from the Figure that increasing the immersion time decreasing corrosion rates due the
simultaneous adsorption of the inhibitors molecules at the interface (Negm et al,(2014).

Table 4:-Corrosion rates and Inhibition efficiencies of the synthesized nonionic surfactant

Surfactant Number of moles | Concentration Inhibition Corrosion rate
of propylene oxide efficiency % (mg Cm*h™
100 58.77 0.06
Ay 5 300 70.86 0.04
500 82.66 0.02
100 60.13 0.0581
A, 10 300 72.67 0.0398
500 87.34 0.018
100 61.54 0.056
Ag 15 300 73.74 0.0383
500 88.67 0.016
100 60.81 0.0571
B, 5 300 72.72 0.0398
500 88.56 0.0166
100 65.67 0.0500
B, 10 300 77.16 0.0333
500 89.72 0.01499
100 66.43 0.0489
B; 15 300 78.32 0.0316
500 91.50 0.0123
100 65.81 0.0498
C; 5 300 77.21 0.033
500 85.65 0.0209
100 68.97 0.045
C, 10 300 80.06 0.0291
500 93.02 0.010
100 70.77 0.042
C3 15 300 80.69 0.028
500 93.79 0.009
005 A +C1
004 - =2
c3

o

o

w
1

o

o

s
1

Corrosion rate mg cm? h!
o
o
N
1

o

Immersion time, hours

Fig 4:-Effect of immersion time on the corrosion rate in 1M HCI solution at constant concentration of C; C,, Csat 30°C
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Potentiodynamic Polarization Measurements:-

The Potentiodynamic polarization curves of aluminum inl1 M HCI solutions; free and inhibited with
different concentrations of the surfactant (C3) as the (highly effective one) at a scan rate of 2mV/sec. are depicted in
Fig (5).It can be seen from the Figure that the surfactants could be classified as a mixed type inhibitors as the
increase of the surfactant concentration shifts the current potential curves towards lower values of current changed
this means that these surfactants affect both anodic and cathodic reactions. It can be seen also from the Figure that
cathodic and anodic polarization curves are parallel to the blank curve i.e. the addition of the inhibitors does not
change the kinetics of the electrochemical reaction occurring on the metal surface (EI-Etre et al, 2017).

1.0

e
e

s
‘N
- e

el

logi (mA cm?)
n

—— IMHCI
-2.of —)
2. | [——1oopPm
{ |=—200ppm
-3.0 { |——=300pPpm
-3.51 e
{ |~—500ppm
-4.0 . . v — .
-0.85 -0.78 -0.65 -0.558 -0.48 -0.35 -0.25

E vs. SCE (V)
Fig (5):-Potentiodynamic polarization curves for aluminum in1M HCI in the absence and presence of different
concentrations of the synthesized nonionic surfactant C;

Scanning electron microscopy SEM :-

Fig (6) shows the morphologies of the surface of aluminum alloy, it can be seen from figure that before immersion
aluminum surface seems smooth (a) while by immersion in the corrosive solution the surface appears highly
corroded with huge amount of irregular deep voids distributed along it figure (6) (b).However, these deep voids
drastically reduced in figure (C) due to the adsorption of the inhibitors on the metal surface which protect it from the
corrosive solution.

Figure(6) Surface morphology of aluminum alloy(a) before immersion; (b) after 24 h immersion in 1 MHCI
without inhibitor (c )after24 h immersion in 1M HCl and in the presence 0f500ppm of the inhibitor C3
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Conclusion:-

New nonionic surfactants were synthesized and evaluated to be used as corrosion inhibitors of aluminum in1M
HCI.The results of the study revealed the following:

1-The synthesized surfactants show good surface active properties, the negative values of AGyq sand AGy,ic implies
that the two processes are spontaneous. The more negativity of AG,gsconfirming a higher tendency of the surfactant
towards adsorption at the metal surface rather than micellization in the bulk of solution and among the studied
system the lowest CMC values for surfactant Cswere support it to be the most effective corrosion inhibitors for
aluminum in 1 M HCI.

2-The synthesized surfactants acts as environmentally friendly compounds as The biodegradation ratio of all of the
prepared surfactants ranged from 88-100% after 7 days only of the exposure to the microorganism.

3- The result of gravimetric analysis and potentiodynamic measurement revealed that the studied surfactants act as
goodinhibitors (referring to their corrosion inhibition efficiency values which reached 93.7% after 4 h immersion)

4- From the polarization data, it is clear that the inhibitor is a mixed type inhibitor.

5-Surface morphology of the metal supported the inhibitive effect of the synthesized surfactants.
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