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Abstract

New benzalkoniumchloride derivatives ionic liquids (ILs) were synthesized in > 97% yield and their inhibiting properties
for the corrosion of carbon steel in formation water had been evaluated using chemical methods. The structures of the ILs
compounds were investigated by elemental analysis, FT-IR spectrophotometer and *H-NMR spectroscopy. The designed
molecular structure of ILs, with N atoms, makes it good corrosion inhibitor via the adsorption of ILs on the carbon steel
surface to suppress both anodic and cathodic processes. The inhibition efficiency increases with increased ILs

concentration.
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1- Introduction

Carbon steel is a well-known constructional material
used in various industries and highly susceptible to
corrosion in petroleum fields [1-2]. Formation water is
highly corrosive saline water in the petroleum
production [3-4]. The main problem of applying steel
pipelines is its dissolution in formation water [5]. This
causes huge economic losses [6-7]. One of the most
important methods in corrosion control is to use
corrosion inhibitors [8-10]. Numerous researchers
have reported many classes of organic compounds that
can be used as corrosion inhibitors for steel in
corrosive solutions [11-13]. Protection efficiency of
organic compounds is attributed mainly to the
presence of a polar group acting as an active center for
adsorption [14-15]. Unfortunately, many organic
compounds are health hazards. Therefore, there is still
an increased attention directed towards the
development  of  environmentally  compatible,
nonpolluting corrosion inhibitors.

As a contribution to the current interest on
environmentally friendly corrosion inhibitors, the
present study investigates the inhibiting effect of new
benzalkoniumchloride derivatives ionic liquids (ILs)
in formation water.

2- Experimental
2.1. Materials and chemicals

The experiments were carried out using carbon
steel disk with following composition (wt.%): C =
0.25%, Mn = 0.43%, Si = 0.33%, S = 0.12%, P =
0.06%, and Fe (balance). The working surfaces of the

electrode were cleaned before using according to
previous work [16]. Where the working electrode and
coupons were abraded before each test with a series of
emery papers ranging from 400 to 2500 grades,
degreased with acetone, washed with distilled water
and dried by a filter paper

The formation water was obtained from Bani- Sweif
petroleum wells (Egypt). Its chemical analysis was
shown in Table 1.

Table (1): chemical analysis of formation water
analysis

Total Dissolved Solids (T.D.S.) 200154.2 mg/I

Salinity (as NaCl)
pH @ 25 °C 5.429
Chloride concentration 122697.64 mg/l

202451.1 mg/l

All reagents used were analytical fine grade. They
were used as received without further purification.

2.2. Preparation of ionic liquids (ILs).

The Fig. 1 summa rized the process of preparation of
new benzalkoniumchloride derivatives ionic liquids
(ILs). The structures of the ILs compounds were
investigated by:
1-  Elemental
Microanalysis).
2- FTIR spectra (FT-IR spectrophotometer - Model
960 Mooog, ATI Mattson Infinity Series, USA)

3- 1H NMR spectroscopy ( Jeol-EX- 270 MHz
spectrometer).

analysis  (Elementary Viro El
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Fig (1): Preparation of new benzalkoniumchloride
derivatives ionic liquids (ILs).

2.3. Corrosion rate measurements

The corrosion rate (Werr) and the percentage
protection efficiency (Pw %) for carbon steel in
formation water containing benzalkoniumchloride

Table 2: Elemental analysis of ILs compounds.

derivatives ionic liquids (ILs) are calculated from the
following relations [17].

w,, =W &)
Sxt
W —w
P, % =—©°" T %100 @)

corr

Here, Wy and W, are the mass loss before and after
immersion, respectively. Wl and Weorr represent the
corrosion rate for blank and solution containing ILs,
respectively.

3. Results and discussion

3.1. Confirmation of chemical structures of ILs

Compound ILs-H ILs-Me ILs -ClI ILs-NO>
C% Calc 75.06 75.45 68.64 66.90
Obs 75.03 75.52 68.58 66.87
H % Calc. 11.50 11.61 10.27 10.01
Obs. 11.58 11.59 10.25 10.05
N % Calc 381 3.67 3.48 6.78
Obs. 3.76 3.64 3.49 6.75
cl % Calc 9.63 9.28 17.62 8.58
Obs. 9.71 9.25 17.67 8.56
Table 3: Infra-Red bands for ILs compounds
Cpd. vem'?
CH--H0 CH aromatic CHAIiphatic N-C c=C NO2 C-Cl
ILs-H 3446-3381 3006 2923-2853 3087 1619 - -
ILs - Me 3424 3011 2923-2853 3199 1618 - -
ILs - Cl 3427 3008 2924-2953 3195 1625-1600 - 725
ILs - NO; 3439 3010 2922-2852 3199 1625 1519-1470 -
'H-NMR spectra of prepared BCIL ionic liquids were recorded in Table 4.
Table 4: *H-NMR spectroscopy of ILs compounds
Chemical Shift () ppona
Tyvpe of protomn @ b < d = E i i
Compowumd Ia T.603 T.456 T.326 4.521 3. 347 3. 220 0D.862
(9] (9] (o] Cs) {s) t) (]
I T .44 T.3Z2S 4.530 3.364 3.242 2954 0.859
ey () (s) (s) L] (s) (5]
Tc T.653 T.S85 4657 3.385 2207 L. TTO
(K= )] sy Cs) (] Caxy
T.8900 4. TA4S JZ.019 3.031 1L.787
() (s} () (s) (€]
- '/ e e
i . . g
= T B s ¥ V-V-TT’ L
e Ecan
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3.2 corrosion studies

The corrosion rate and the corresponding corrosion
inhibition efficiency for carbon steel in formation
water in the absence and presence of ILs at 298 K are
presented in Table 5. Here, we will study the influence
of the introduction of different groups substitution to
benzyl- group (i.e. H, Me, Cl and NO2) on the ILs
protection efficiency.

Tables 5 reveal that the corrosion rates of carbon
steel in formation water containing ILs decrease with
increasing their concentration (up to critical values).
This behaviour can be attributed to the increase in the

number of ILs ionic liquids molecules adsorbed at
metal/solution interface on increasing its concentration
[18].

So, molecules of the BCIL constitute adsorption films
on carbon steel surface which protects it against
corrosive species [19]. The decrease in the corrosion
rate of carbon steel in formation water in the presence
of ILs ionic liquids confirms the adsorption of ILs
ionic liquids molecules on carbon steel surface.

We noted that the different groups substitution to
benzyl- group (i.e. H, Me, Cl and NOy) led to different
inhibition performance. Where the Pw% values have
the following order: Me>H>NO,>Cl.

Table 5: Mass loss parameters and the corresponding corrosion inhibition efficiency for carbon steel in
formation water in the absence and presence of ILs at 298 K.

Sol. TS COInc. wi. loss Ccorrosion rate e
PP I = = cm s min Tt
blank o007 8 92168E-08
20 OO0 2 4_O0S093E-OS8 54 5806
o0 O _ 003 I _85802E-0OS8 S6_ 749
IN.s — H
200 o.0033 3 _S53652E-08 60._ 353
SO0 00025 3 _38423FE-08 G2 06
20 00052 S 01543E-08 43 773
<40 00057 5 49F6OE-O8 I8 367
SO OO0 4_B2253FE-0O8 45 _ 9306
ILs —-Nhile
100 O 0065 4 _435673E-0S8 S0 261
300 00029 3I_107ESE-O8 a5 _ 159
SO0 o003 7 3 96519E-08 S5 547
20 00039 4_F5146E-08 45_T32
40 o003 8 4_62063E-08 48 _ 008
IL=s -1
a0 o009 4_F2608E-08 47 017
200 OO0 2 4_OS093E-O8 54 5806
100 O _ 003 I_BSBO2E-O8 Se. 749
200 00037 I _ S6867E-0OS8 == ]
ITL.s — IN O
300 0003 3 2TO32FE-0O8 63 . 236
SO0 0032 3I_BOBS4E-O8 56293

3.3.Adsorption isotherms

The mechanism of corrosion inhibition can be
explained on the basis of adsorption principle. The
nature of the interaction between ILs ionic liquids and
carbon steel surface can be understood using an
adsorption isotherm [20].

Frumkin, Freundlich, Temkin, Flory—Huggins and
Langmuir adsorption isotherms [21] have been
attempted for fitting the adsorption of molecules of ILs
ionic liquids on carbon steel surface in formation
water. It was found that the Langmuir model have
showed the best fitting where it had the highest values
of regression factor (r?). Langmuir isotherm is
represented with a relation between & (where 6 =
PW% x 102) and ILs ionic liquids concentration (Cinn)
according to equation (3) [22].
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where Kags is the adsorption—desorption equilibrium
constant.

Langmuir plot is drawn based on the data obtained
mass loss method (Fig. 2) and the change in free
energy of adsorption (AGU%gs) is calculated according
to the following equation [23]:

AGoads = 'RT In (555 Kads) (4)
where R is the molar gas constant, T is the absolute

temperature and 55.5 is the concentration of water in
solution expressed in molar .



2272 Noha M. A. Bagato et.al.

1000
*|Ls -H
200 = ILs - Me
4 |Ls - CI
— = ILs — NO2
E 600 -
(=2
=
~—
=
\_..g 400
O
200
0 T T
0 200 400 600

Cinn/ PPM

Fig. 2 Langmuir adsorption plots for carbon steel
in formation water inhibited by
benzalkoniumchloride derivatives ionic liquids
(ILs).

AGY%qs values are in the range (-24) - (-28) kJ mol™.
The value of AGY%g determines the nature of
adsorption process such that: (i) if AGlgs is less
negative than -20 kJ mol™! the adsorption will be
physical (known as physisorption) which occurs via
electrostatic interactions. (ii) If AG%qs is more negative
than -40 kJ mol* the adsorption is chemical (known as
chemisorption) where coordinate bonds are formed via
electron transfer from inhibitor molecules to the metal
surface. (iii) But, if the AG%qs is between -20 and -40
kJ mol*? then both types of adsorption are involved
[24-28]. For ILs ionic liquids, AGC%gs value is around -
28 kJ mol?! which indicates the occurrence of both
physisorption and chemisorption processes.

4. Conclusions

(1) New benzalkonium chloride derivatives ionic
liquids (ILs) have been synthesized and acted as
effective corrosion inhibitor for carbon steel in
formation water.

(2) The weight loss studies showed that the ILs
molecules acted as good corrosion inhibitors.

(3) The adsorption of ILs molecules on the steel
surface was found to obey the Langmuir
adsorption isotherm best. The values of free
energy of adsorption indicates the occurrence
both physisorption and chemisorption.

References

[1] F. El-Taib Heakal, M.A. Deyab, M.M. Osman,
A.E. Elkholy, Desalination 425 (2018) 111-122.

[2] M.A. Deyab, Alberto De Riccardis, Giuseppe
Mele, Journal of Molecular Liquids 220 (2016)
513-517.

[3] Y.Qiang, S. Zhang, L. Guo, X. Zheng, B. Xiang,
S. Chen, Corros. Sci. 119 (2017) 68-78.

[4] Z. Panossian, N. Lira de Almeida, R. M. Ferreira
de Sousa, G. de Souza Pimenta, L.B.S. Marques,
A review, Corros. Sci. 58 (2012)1-11.

Egypt. J. Chem. 64, No. 5 (2021)

[5] M.A.M. Deyab, J. Surfact. Deterg.18 (2015) 405-
411.

[6] E. Naveen, B. Vijaya Ramnath, C.
Elanchezhian, S.S. Mohamed Nazirudeen, J.
Alloy. Compound. 695 (2017) 3299-3309.

[7] K.H. Kim, S.H. Lee, N.D. Nam, J.G. Kim, Corros.
Sci. 53 (2011) 3576-3587.

[8] M.A. Deyab, International Journal of Hydrogen
Energy 38(2013) 13519

[9] S.A. Umoren, Y. Li, F.H. Wang, Corros. Sci. 53
(2011) 1778-1785.

[10] L. Guo, S. Zhu, S. Zhang, J. Ind. Eng. Chem. 24
(2015) 174-180.

[11] M.A. Deyab, Rachid Ouarsal, A.M. Al-Sabagh,
Mohammed Lachkarb B. El Bali, Progress in
Organic Coatings 107 (2017) 37-42.

[12] M.S. Shihab, H.H. Al-Doori, J. Mol. Struct. 1076
(2014) 658-663.

[13]M.J. Bahrami, S.M.A. Hosseini, P.
Corros. Sci. 52 (2010) 2793-2803.

[14] M.A. Deyab, S.S. Abd EI-Rehim, S.T. Keera,
Colloids and Surfaces A: Physicochem. Eng.
Aspects 348 (2009) 170-176.

[15] E.B. ltuen, O. Akaranta, S.A. Umoren, J. Mol.
Liq. 246 (2017) 112-118.

[16]E.E. Foad EI-Sherbini, S.M. Abd-El-
Wahab,M.A. Amin, M.A. Deyab, Corrosion
Science 48 (2006) 1885-1898.

[17] M.A. Deyab, Electrochimica Acta 202 (2016)
262-268

[18] M.R. Laamari, J. Benzakour, F. Berrekhis, A.
Derja, D. Villemin, Arabian Journal of Chemistry,
9 (2016) s245-s251

[19] M. A. Deyab, M. M. Osman, A. E. Elkholy, F.
El-Taib Heakal, RSC Adv., 2017, 7, 45241
45251.

[20] X. Li, S. Deng, H. Fu, Corros. Sci. 62 (2012)
163-175.

[21] K.Y. Foo, B.H. Hameed, Chemical Engineering
Journal, 156 (2010) 2-10.

[22] A. Doner, G. Kardas, Corros. Sci. 53 (2011)
4223-4232.

[23] M.A. Deyab, B. El Bali, R. Essehli, R. Ouarsal,
M. Lachkar, H. Fuess, J. Mol. Liqg. 216 (2016)
636-640.

[24] M.A. Deyab, Amr A. Nada, A. Hamdy, Progress
in Organic Coatings 105 (2017) 245-251.

[25] M.A. Deyab, Journal of the Taiwan Institute of
Chemical Engineers, 60 (2016) 369-375.

[26] M.A. Deyab, Desalination 439 (2018) 73-79.

[27] S. Zhang, Z. Tao, S. Liao, F. Wu, Corros. Sci. 52
(2010) 3126-3132.

[28] Sayed S. Abd EI-Rehim, Hamdy H. Hassan,
Mohamed AbdelMoneim Deyab, and Ahamed
Abd EIMoneim, Z. Phys. Chem. 230 (2016) 67—
78.

Pilvar,


http://www.sciencedirect.com/science/article/pii/S0010938X16314366#!
http://www.sciencedirect.com/science/article/pii/S0010938X16314366#!
http://www.sciencedirect.com/science/article/pii/S0010938X16314366#!
http://www.sciencedirect.com/science/article/pii/S0010938X16314366#!
http://www.sciencedirect.com/science/article/pii/S0010938X16314366#!
http://www.sciencedirect.com/science/article/pii/S0010938X16314366#!
http://www.sciencedirect.com/science/journal/01677322/216/supp/C



