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Abstract

In this study, 4-chlorobenzodithioatebenzyltrimethylammonium and 4-
methoxylbenzodithioatebenzyltrimethylammonium  were  synthesized and
characterized by 'H-NMR, FTIR, UV-Visible and Mass techniques. Then they
evaluated as corrosion inhibitors for carbon steel alloy (C1010) against corrosive
environment of hydrochloric acid at different concentrations at 25 °C. both
inhibitors revealed an excellent inhibition efficiency (97.95) % and (97.13) % at
optimal concentrations (9) ppm and (8) ppm respectively. The effect of
temperature on the corrosion was studied in absence and presence of the inhibitor,
the raising of temperature leads to reduce the efficiency of the inhibitor and CR
was enhanced. On the other hand, kinetic parameters such as activation energyE,,
enthalpy of activationAH™, entropy of activation AS*and Gibbs free energy of
activation AG™* were calculated which are insisted a physical adsorbed behavior for
the inhibitor, an endothermic corrosion reaction whether in presence or in absence
of the inhibitor and enhanced non-spontaneous behavior in presence of the certain
inhibitor. Each one of the inhibitor has the mixed inhibition behavior.
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1. Introduction

Corrosion is defined as the destruction of metals and alloys by the
surrounding environment through chemical or electrochemical changes[1,47] . It is
also known as a chemical or electrochemical oxidation process [2,3]. The study of
corrosion is of great importance from an economic point of view, as it works to
reduce direct and indirect economic losses, maintain the safety of operating tools
and equipment, and preserve metallic materials. Corrosion inhibitors are defined as
chemicals that are added in small quantities to reduce or prevent the rate of
corrosion [40] because these materials have heterogeneous atoms (Sulfur,
Nitrogen, Selenium, Phosphorous) [4]. These materials have the ability to
adsorption. Chemically, physically, or both, the inhibitor may be in the form of
vapor, liquid, or both[5,2] . Corrosion inhibitors work in the first step to transfer
the inhibitor molecules or the so-called (inhibitor molecules) to the metal surface.
In the next step, the active groups of the inhibitors interact with the metal surface,
forming a protective layer on the metal surface, thus preventing the interaction of
metals with the corrosive environment [2,6]. Corrosion is to be inhibited by
organic compounds to be absorbed on the metal surface to form a protective The
layer’s act as insulators between the surface of the metal and amid corrosion[7,8].

Thiolate[48] compounds or what is known as mercaptans, they are organic
compounds that contain a (sulfohydryl) SH group attached to a carbon atom.
Thiols are similar to alcohols in that the oxygen atom in alcohols has been replaced
by a sulfur atom (oxygen and sulfur have almost the same chemical properties
because they belong to the same group). Alcohols and thiols share some
similarities, which means that the sulfur prefixes are a larger component compared
to oxygen, and the length of the (C-S) bond is greater than the (C-O) bond. The
hydrogen bond between thiol groups is much weaker in liquids or solids mainly
due to the strength of cohesion.

2. Material and Methods
2.1. Chemicals

The chemicals used in this study were purchased from various companies,
including: Hydrochloric acid(37%Aldrich), Ethanol (99.99 %Scharlau), Di ethyl
ether (99.5% SCH), n-hexane(97.0% Aldrich) <4-methoxy phenyl Magnesium
bromide solution (99.99%Aldrich) <4-chloro phenyl Magnesium bromide
solution(99.98%Aldrich« benzyltrimethylammoniumhydroxide(99.98%Aldrich).
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2.2 Synthesis of4-chlorobenzodithioate benzyl tri methyl ammonium

A three necked round bottom flask (250) mL was charged by the solution of (4-
chloro phenyl magnesium bromide [(0.016) mol dissolved in (16) mL THF],
(0.016) mol of CS; solution was added, the reaction was stirring for (1.5) h then,
after that a mixture of 72mL (11N), hexane (80) mL and ice (100) g were added to
the reaction mixture under continuous stirring for (1) h. a reddish organic layer was
extracted from the reaction solution then, (6.5) g of benzyl trimethyl
ammoniumhydroxide was added and the reaction was started again under
continuous stirring for (2)h. after that, the reaction is cooled down, the precipitate
is filtered and washed by n-hexane and left to dry in the air[9]. After drying, the
yield was (5.19 g). The reaction steps are shown in scheme 1 below:

. s .
C@—Mgsr +cs, Stirr 1.5 h CI—@*C/ HCI /hexane -
N [(CHa)s(PhCHZ)N][OH]

CH,ph

//S ‘/CHg
O
Ng T\
C

CHs
3

H

Scheme (1): Synthesis of D1.

Synthesis of 4-Methoxylbenzodithioic acid benzyl trimethylammonium (D2) was
synthesized by the same procedure for synthesized D1 but, the quantities include
(0.005) mol of methoxy phenyl magnesium bromide dissolved in (15) mL THF,
CS2 (0.05) mol (3) mL, (0.005) methoxy phenyl magnesium bromide, (22.5) mL
hydrochloric acid (11N), n-hexane (40) mL, ice (100 g) and (1.75) g of Benzyl
trimethyl ammonium hydroxide. After drying, the yield was (3.5g). The reaction
steps are summarized in scheme 2 below:

L S \
H;CO MgBr + Csz Stirr 1.5 h : HgCO“@*C// HCl /hexane ’
Ng [(CHa)3(pPhCHoINJIOH]
CHoph
S
V.
S

|~|4 _CHy
Do

Hs

3. Characterization of the ligand D1 and ligand D2.
3.1. UV-Visible ligand D1 and ligand D2[10,11,12,13].
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Bothe D1 and D2 compound were characterized by UV-Visible as shown in
Figures 1 and 2 below:
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Figure 1: UV-Visible spectrum of D1
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Figure 2: UV-Visible spectrum of D2

The possible electronic transitions are shown in the Table (1) below.

Table (1): The possible electronic transitions in D1 and D2 UV-Visible spectra.

Complex Wavelength (nm) Type of transition

223.5 n->n*
374 n->n*
D2 236 n->n*
319 n->n*

Table 1 depicted the electronic transitions in both D1 and D2 compounds,
m — " (223.5 and 236 nm for D1and D2 respectively.) While n — * at (374
and 319 nm for D1 and D2 respectively.) but m — * in D2 is greater than in D2
while the reverse in n — m* this can be attributed to presence of methoxy group
in D2 compared with chloro group in D1 make the resonance state in D2 greater
than in case of D1 i.e., methoxy group raised the wavelength toward red shift in
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m — m* transition and blue shift inn — w* transition in D2 compared with D1
[49].

3.2. FT-IR spectroscopy:

The two synthetic compoundsD1 and D2 are were characterized by FTIR
technique[14,15,41] as KBr disc, as shown below in Figures 3 and 4respectively.

Figure 3: FT-IR spectrum for D1.
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Figure 4: FT-IR spectrum for D2.
Figures 3 and 4 showed the important bands which are summarized in Table 2 below.

Table (2): The important FTIR bands for D1 and D2 compounds.

C=C |C-N C=S Str C-S C-0 C-Cl C-H

Str (cm™) (cm™) (Cm™) (Cm™) (Cm™) (cm™)
(Cm?

1643 | 1276 1482 1095 - 702 3417
1597 1253 | asy 1489, sym 1477 | asy 1253, sym 1219 | asy1155, sym 1028 - 2964*3012
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* For aromatic ring. Asy=assymetric and sym=symmetric.

Table 2 depicted the obvious different in wave number values for FTIR spectra for
D1 and D2. As shown above D1 at 702 Cm™ assigned to C-Cl functional group
which not found in D2 and vice versa, asy1155, sym 1028 bands are assigned to C-
O functional group due to resonance between benzene ring with methoxy group in
D2 that not found in D1[50,51]. The presence of asy and sym bands for C=S and
C-S functional groups in D2 can be assigned for the same reason.

3.3. Mass spectra[16,17,18]:

According to mass spectrum of D1 in Figure 5 below, the suggested mechanism
fragmentation for molecular ion 337 m/z with the molecular formula
[C17H20NS2CI]. " obey to the following steps. The first decomposition depicted to
loss of benzyl radical to form the molecular ion 246.1m/z to form the molecular
formula [C10H13NS2CI]. * which decomposed to molecular ion 139 m/z with
molecular formula [C5H4S2].+. the last decomposed to molecular ion 75m/z with
molecular formula [C6H3]. "

Figure 5: Mass spectrum for D1.

The mass spectrum for D2 as in Figure 6 reveals the molecular ion 333 m/z with
molecular formula [C18H23NOS2]. * . This molecular ion decomposed as in the
following suggested mechanism firstly into molecular ion 240 m/z with molecular
formula [C16H18NO]." which decomposed into the molecular ion 135m/z with
molecular formula [C10H11N].", after that the last molecular ion decomposed into
molecular ion 91 m/z with molecular formula [C7H7]." , the last decomposition
includes loss of methylene group to for the molecular ion 77 m/z with molecular
formula [C6H7].”
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Figure 6: Mass spectrum for D2.

3.4. Nuclear magnetic resonance spectrum (H- NMR) [11,24,25,26]

D1 and D2 were characterized by 1HNMR as in Figures 7 and 8 below by
dissolved each one of them in d°DMSO as solvent. As shown in Figures 7 and 8,
the signal with chemical shift 2.7ppm assigned to d°DMSO [17,21]. The signals in
Figure 7 can be assigned at chemical shifts (3.04-3.12) ppm to protons of the four
methyl groups which attached with nitrogen atom, (4.34) ppm to protons of
methylene group which lies between benzene ring and trimethylammonium ion,
the chemical shift (6.46-7.11) ppm to the protons for benzene ring attached
methylene group respectively. On the other hand, the protons of the second
benzene ring that attached with chloro and CS2 have the chemical at range (7.26-

8.07) ppm.

STANDARD PHOSPHORLS PAR AVETERS

50

Figure 7: *H-NMR spectrum for D1.
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Figure 8 below depicted IHNMR signals with chemical shifts as follow, (3.86-
3.90) ppm assigned to to protons of the four methyl groups which attached with
nitrogen atom, (4.57) ppm to protons of methylene group which lies between
benzene ring and trimethylammonium ion, the chemical shift (6.50-7.00) ppm to
the protons for benzene ring attached methoxy group and CS2 group respectively.
On the other hand, the protons of the second benzene ring that attached with
quaternary ammonium ion have the chemical at range (7.50-8.50) ppm.

5
STANDARD BHCEDHORLIS PARAMETERS.
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Figure 8: *H-NMR spectrum for D2.

4.Corrosion study’
In this study, D1 and D2 compounds were evaluated as corrosion inhibitors for the
carbon steel alloy (C1010) by using the electrochemical methods (Tafel plots). The
role of concentration of the inhibitor on the corrosion rate of the alloy at constant
temperature (25°C) and the effect of the temperature on the inhibition efficiency of
the certain inhibitor and the corrosion rate of the alloy were studied at temperature
range (25°C,35°C,45°C,55 °C). The constituents of the studied alloy are
summarized in Table 3 below.

Table (3): Shows the components in the composition and proportions of carbon steel alloy.

Element C Mn Cr P S Cu Si As Ni Fe
w/w% 0.13 0.30 0.10 0.05 0.04 0.30 0.37 0.08 0.30 Balance

4.1. Preparation of working electrode.

The total subjected area to the corrosive environment for the studied alloy is
8.2426 Cm2 where, the dimensions for the strip’s alloy include 3.2 Cm, 1.16 Cm
and 0.16 Cm as length, width and thickness respectively. The strip was hanged
through the hole with diameter 0.2Cm; these dimensions were measured by a
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sensitive (Imm) Vernier scale. The alloy was polished by using silicon carbide
paper with grades 400, 600, 880 and 1200 respectively then cleaned with shamawa
cloth with alumina. The specimen washed by ethanol, by distilled water then
greased and kept at desiccator with silica gel to protect the alloy from moisture.

4.2. Measurements [42,43]

The corrosion data were acquired through the apparatus consists of the following:
1. An electrochemical cell include the specimen alloy as Working Electrode (WE),
platinum electrode as an Auxiliary Electrode (AE) and calomel electrode as
reference electrode (RE). these electrodes were putted in Beaker with a capacity of
75 mL

2.The device is programmed by the following information including subjected area
for the alloy to the corrosive environment whether in presence or absence of the
inhibitor, the scan rate (10) V.s™, equivalent weight of alloy, the density of alloy
and the range of scanning rate relative to open circuit potential (OCP) at range
(+250) to (-250) mV.

5. Results and discussion:

Figures 9 and 10 depicted the Tafel plots curves for carbon steel alloy (C1010)
in presences of certain concentrations from D1 and D2 respectively at constant
temperature (25) °C temperature.
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Figure (8): Tafel plot curves for alloy (C1010) in presence of different concentrations from D1 as corrosion
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inhibitor at 25 °C.
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Figure (9): Tafel plot curves for alloy (C1010) in presence of different concentrations from D2 as corrosion inhibitor

at 25 °C.

Moreover, the data which acquired from Tafel curves in above were summarized in

Table 4 below.

Table (4): The electrochemical data for carbon steel in presence and absence of certain inhibitors against of

corrosive environment of 0.1M from HCI at (25°C).

R ”%
=B o
= 8 8 N &
<% > ’ o
- = |E |3 3 S < - =
= e £ = = ] = @
o o S = o 5 o =
O O [i1] (=% o (02 == O L (==}
HCI 3650 -567 213 -119.8 20.89 1596 738.49 - -
D1 2 -558 94.86 -589.7 434.98 363.48 168.29 77.21 0.7721
4 -580 93.05 -201.86 416.35 173.22 80.20 89.14 0.8914
7 -537 116.32 -293.04 254.90 142.03 65.76 91.10 0.9110
8 -534 102.68 -204.41 405.74 73.24 33.91 95.41 0.9541
9 -555 85.319 -141.59 1611.68 32.76 15.17 97.95 0.9795
D2 2 -508 80.72 -203.11 405.61 173.95 80.54 89.10 0.8910
3 -512 65.99 -308.64 637.45 143.43 66.41 91.01 0.9101
5 -598 92.28 -150.53 1012.58 57.77 26.75 96.38 0.9638
7 -530 75.64 -102.63 623.66 63.00 29.17 96.05 0.9605
8 -550 77.21 -184.39 1413.29 45.79 21.20 97.13 0.9713

Inhibition efficiency for the inhibitor was calculated related to the following equation (1), [14,42,43]:

CRyninhib—CRinhi
Sundnhib T2 TIRID S ] (), 1
CRyninhib

effeciency% =
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From Table 4 the presence of D1 or D2 as inhibitors against the corrosive 0.1M of
hydrochloric acid suppressed the corrosion rate (CR) which attributed to reduce the
corrosion current density (o) that raised the resistance polarization(Rp) on the
surface of alloy. Hence, as the concentration of the certain inhibitor (D1 or D2)
increased, CR and Iy, were reduced while Rp wvalues were raised.
Moreover, the inhibition efficiency (Effeci. %) and surface coverage area (0) were
raised as concentration of the certain inhibitor increased, this can be attributed to
increase the adsorbed film of the inhibitor on the surface of the alloy and the
corrosive acid molecule will be ejected from the surface of alloy inhibition
[14,15,41,50,21,44] .On the other hand, it will be noticed that the effect of
chemical structure on the inhibition efficiency is obvious where, in all
concentrations of D2 as inhibitor, the efficiency of inhibition is greater than in case
of D1 inhibitor this is may be due to presence of methoxy group (electro with
donating group) in D2 instead of chloro group (electron withdrawing) in D1 made
the last inhibitor lesser efficiency than the first [21,44] .E for the alloy in
presence of D1 or D2 at the studied concentrations reveals a mixed inhibition
behavior where the difference between E.,, values in presence of certain inhibitor
and Ec,, value in absence of the inhibitor is lesser than £89mV [22]. Anodic Tafel
constants (B, and cathodic Tafel constants (B¢) on the other hand, revealed a simple
blocking reaction sites whether in case of the studied concentrations of D1 or D2.
[23]

5.2. The effect of temperature on inhibition efficiency at optimal
concentration.

The effect of temperature on the corrosion rate for
the carbon steel alloy in absence, presence of the certain inhibitors and on the
inhibition efficiency for the synthetic inhibitors at optimal concentration were
achieved at temperature range of (298-328) K (25-55) °C. Table (5) shows the
acquired electrochemical data from Tafel plot curves at this range of temperatures
which showed at Figures 10, 11 and 12 respectively.
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Figure (10): Tafel plot curves for alloy (C1010) carbon steel iron in presence of corrosive environment (0.1M HCI)

at different temperatures.
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Figure (11): Tafel plot curves for alloy (C1010) carbon steel in presence of optimal concentration (9ppm) of D1
inhibitor against the corrosive environment of (0.1M HCI) atdifferent temperatures.

Potential (V)

o8 L el

298
308
318
328

L

15l

Lo pwaal

L

11 el

10°

10°

10°

I(LA.cm-2)

10°

Figure (12): Tafel plot curves for alloy (C1010) carbon steel in presence of optimal concentration (8ppm) of D2
inhibitor against the corrosive environment of (0.1M HCI) at different temperatures.
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Table (5): Electrochemical results obtained from the temperature effect of the C1010 method with inhibitors at
the greatest concentration within the thermal range (298-328K) (25-55) CO.

2 S o
= ¥ 3 3 ~ 5
s n s E = > S < 2 8
g s 3 E s o p £
(&} (&} ~ [T} = = o & (8} i} =3
HCI 3650 298 | -567 | 213.00 -119.80 20.89 1596.0 738.49
HCI 308 | -578 | 108.00 -161.00 14.60 1925.0 891.28
HCI 313 | 552 | 97.61 -202.00 33.82 21515 996.14
HCI 328 | 544 | 118.49 -205.00 11.79 5340 2472.42 - -
D1 9 298 | -555 | 85.319 -141.59 1611.68 32.76 15.17 97.95 0.9795
9 308 | -591 | 188.14 -249.00 81.31 573.07 265.33 70.23 0.7023
9 313 | 577 | 133.86 -161.00 48.88 650.08 300.98 69.79 0.6979
9 328 | 582 | 237.00 -335.00 82.58 730.81 338.37 86.13 0.8613
D2 8 298 | 550 | 77.21 -184.39 1413.29 45.79 21.20 97.13 0.9713
8 308 | -580 | 63.57 -119.00 570.21 76.43 35.39 96.03 0.9603
8 313 | 569 | 97.68 -162.00 86.73 696.57 32251 67.62 0.6762
8 328 | -566 | 131.05 -243.00 49.77 743.76 344.36 86.07 0.8607

Table 5 reveals that as temperature raised, Rp, efficiency and 6 values were suppressed due to the increasing Icorr
and in turn CR values respectively because of the dissolving of the adsorbed inhibitor’s film for the certain inhibitor

[24,25].

5.2. Corrosion Kinetic study
The kinetic for the corrosion reaction was studied in

absence and presence of the optimal concentration of the certain inhibitor. Thus,
Kinetic parameters such as an activation energy E, enthalpy of activation AH",
entropy of activation AS*and Gibbs free energy of activation AG* , firstly an
activation energy E is calculated according to Arrhenius equationas[45,46,26,27]
in equation 2 below:

E*
INCR = InA — 5 2

RT
Where, E;; is an activation energy in kJ.mol™, Ains™
is an Arrhenius pre-exponential, R is the universal gas which equal to
8.314 J.K~1.mol~! and T is the absolute temperature in K. by plotting In CR

against 1/T , the slope is %‘ and the intercept is In A as in Figure 13 below:
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Figure (13): Arrhenius relationship plot to calculate the activation energy in absence and presence of the certain
inhibitor at its optimal concentration. In order to calculate the enthalpy of activation AH* and entropy of activation

AS*, equation 2 below [28,29,30] was used by plotting the relationship between ln% against % Thus, slope equal to

_ATH and the intercept is [ln% + A%] as in Figure 14 below:

4 - y = -10.041x + 30.935
R? = 0.8734

3 ® Blank
=
~ 0 ®9 D1
o’ -13 34 ppm (D1)
\L_)/ [0 — I @3 ppm (D2)
£ 1 -

- ‘/Q/.

3 - 1000/T(KY)

Figure (14): Calculation of the activation enthalpy and activation entropy in absence and presence of the certain
inhibitor at its optimal concentration.

CR R | AS*, —AH*
In—=In—+—]
T Nh ' RA RT

Where N is Avocado’s number (6.023 X 10%3mol~1) ,
h is Plank’s constant (6.625 X 10734].s). Moreover, Gibbs’s free energy of
activation is calculated according to the following equation:

AG* = AH* = TAS™ ..o (4)

The data which acquired from the equations 2,3 and 4 are tabulated in Table 6
below:
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Table (6): Kinetic parameters for the corrosion reaction of carbon steel alloy in absence and presence of optimal
concentration of the inhibitor.

Conc. Conc. E; A AH* AS* AG”
ppm kJ.mol™* st kJ.mol* J.molt. K kJ.mol*

HCI 3650 29.97 1.15 x 108 27.38 -99.29 56.97

D1 9 78.11 1.61 x 10*° 75.51 37.47 64.34

D2 8 86.08 2.31 x 1016 83.48 59.65 65.70

As shown from Table (6) above, the activation of energy for the corrosion reaction
of alloy in absence of any inhibitor is relatively low which raised in presence of
whether D1 or D2 which insisted that presence of the inhibitor was reduced the
corrosion reaction this can be attributed to raise the energy barrier for the corrosion
reaction in presence of inhibitor compared with the absence[31,32], especially in
presence of D2 it may be because in D2 methoxy group will enhanced the
inhibition effect compared with chloro group in D2[33]. The activation of energy
value in presence of inhibitor D1 or D2 is lesser than 100kJ.mol-1 insisted that
both of them physically adsorbed on the surface of alloy [34].

On the other hand, the enthalpy of activation values for the corrosion
reaction depicted an endothermic behavior in absence and presence of the certain
inhibitors which raised in presence of the inhibitor compared with the absence, this
fact corresponded with enhance the CR, reduce in Rp and efficiency% values
[35]as temperature raised in Table 5. Entropy of activation value in absence of the
inhibitor is negative which refers to stabilize the corrosion product on the surface
of alloy while in presence of the inhibitor D1 or D2 on the surface of alloy make
the entropy of activation is positive this can be attributed to tends the adsorbed of
inhibitor’s molecules to make an activation complex on the surface of alloy with
corrosion products as rate determining step [36,37] <«Gibbs free energy of
activation as in Table 6 are positive value which raised in presence of the inhibitor
D1 or D2 i.e., the nonspontaneous behavior is enhanced in presence of the inhibitor
[38,39].

Conclusions

Both D1 and D2 are an excellent inhibitor against the acidic corrosive
medium of 0.1M from HCI with inhibition efficiencies 97.95% and 97.13%
respectively. The role of each one of them is raised the Rp values, reduce I, and
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CR values. These inhibitors behave as mixed inhibitors with simple blocking
reaction behavior. Each one of them is physically adsorbed on the surface of alloy.
The increasing of the concentration of the inhibitor raised the inhibition efficiency
whereas the optimal concentration of the inhibitors D1 and D2 are 9 ppm and 8
ppm respectively. When temperature is raised, the inhibition efficiency was
suppressed and CR was raised. An activation energy of corrosion reaction was
raised in presence of the inhibitor and the non-spontaneous of the reaction was
increased in addition to the endothermic behavior for the reaction was enhanced in
presence of the inhibitor compared with the absence.
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