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ABSTRACT

The aromatic Schiff base with azo linkage 4-(((3-((4-acetylphenyl) diazenyl )-2-
hydroxynaphthalen-1-yl)methylene)amino)benzoic acid (CHAB) has been synthesized and
characterized by FT-IR, *H NMR and 3C NMR spectroscopic techniques. The compound (CHAB)
has been evaluated as corrosion Inhibitor for carbon steel at different concentrations (0.1, 0.5, 1 and 5
mM) and different temperatures (298-318K). The corrosion inhibition efficiency was studied by
Potentiodynamic polarization . The effects of concentration and temperature on the inhibition
efficiency were studied by Potentiodynamic polarization measurements, the results showed that
increasing concentration of (CHAB) increases the inhibition efficiency while increasing the
temperature decreases it, the highest corrosion inhibition efficiency, 94.77% was recorded with 5 mM
of CHAB at 298 K in 1 M HCI . The adsorption process was found to obey Langmuir isotherm, and
the adsorption thermodynamic parameters were studied such us AG°gs , AHgs and AS©uqs .
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1. INTRODUCTION

In several industrial processes hydrochloric acid
solution is widely used as an acid wash solution
(cleaning, pickling, descaling) for removing rust
and scale from a mild steel surface@3. This
usually leads to serious metallic corrosion. To
prevent their aggressiveness, use of an additive
is the most effective and sensible approach to
protect several metal and alloys against such
type of acidic attack-“® A variety of additives are
nowadays used to prevent metallic corrosion. In
this  connection, organic compounds containing
electron rich  functional groups along with
n-electrons inside their frameworks show better
corrosion inhibition efficiency in such acid
media. To date the existing results show that
organic  inhibitors adsorbed on the metallic
surface either by physical or chemical adsorption
or by both and eventually a protective layer is
formed. Organic molecules having (i) N, O and S
donor sites, (ii) unsaturated m-bonds, (iii) planar
and conjugated aromatic rings are considered as
effective adsorption centers, because of their
capability to donate available lone pair of
electrons or acceptance of electrons in their low
energy empty orbitals.®® Thus compounds
containing both nitrogen (N) and oxygen (O) in
their  structural unit exhibit greater inhibition
performance compared to those possessing only
one of these heteroatoms.'® Among the reported
organic inhibitors ones that contain imine
(-C=N)@V and/or azo (-N=N-)2 groups in their
structures. In the present work we report the
design, synthesis, and use of azo-Schiff compound
as carbon steel corrosion inhibitor in 1.0 M HCI
solution. The inhibitor is readily synthesized via
two steps synthetic pathway from relatively
inexpensive starting materials, it is designed to be
rich with m-electrons, has azo (-N=N-), imine
(-C=N) and carboxyl (-COOH ) groups in its
structure The inhibition efficiency of these
compounds  was  determined by  using
Potentiodynamic polarization. The thermodynamic
parameters and activation of inhibitor were
studied.

2. EXPERIMENTAL
2.1. Materials

All chemicals used in this study are of high grade
(BDH\Aldrich) including; 4-amino acetophenon,
4-aminobenzoicacid, ethanol, dimethyl form amide
(DMF), sodium hydroxide, dimethylsulphoxide
(DMSO), and double distilled water. The carbon steel
sample used (N-80) had the following composition
0.3% C, 1.2% Mn, 0.05% P, 0.06% S, and the
remainder is Fe (19,

2.2. Inhibitor

The target compound was synthesized via two steps
as shown in Scheme (1). Compound 3 was
synthesized according to a literature procedure (%),
then (10 mmol) from this compound was dissolved
in  (20ml) methanol. 4-Amino acetophenon
(10 mmol) was dissolved in absolute methanol
(25 ml), the two solutions were mixed and catalytic
amount of glacial acetic acid was added. The
reaction mixture was subjected to reflux conditions
for 6 hours. The product was collected by filtration
and washed with hot methanol.
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Scheme 1. Synthesis of CHAB
3. RESULT AND DISCUTION

3.1.Structure confirmation of the synthesized
inhibitor

3.1.1. FTIR spectroscopy

FTIR spectrum of the  synthesized compound
showed the following absorption bands at 1637

cm! (C=N), 1689 cm ! (C=0), 1603 cm
(aromatic C=C), 3425 cm? (O-H) and 1597 cm
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(N=N)15) | FTIR spectrum confirmed the expected
functional groups in the synthesized . Fig. 1.

3.1.2. 'THNMR spectroscopy

'HNMR spectra (400 MHz, DMSO-ds ) showed
9.31 ppm (s, 1H, N=CH), 7.15- 8.52 ppm (s, phenyl
ring), 12.43 ppm (s, 1H, OH ) and 13.00 ppm
(s, 1H, COOH) . Fig. 2.

3.1.3. 3CNMR spectroscopy

13CNMR spectra (400 MHz, DMSO-d6 ) showed
173 ppm (carboxyl carbon), 109-138 ppm (aromatic
carbon) , 197 ppm (ketone carbon ) and 164 ppm
(-C=N) . Fig. 3.
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Fig. 1 .FT IR spectrum of CHAB
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Fig.2.'"HNMR spectrum of CHAB
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Fig.3.23CNMR spectrum of CHAB
3.2.Potentiodynamic polarization measurements

Potentiodynamic polarization measurements were
carried out by Bank Eieiktronkik Intelligent
Controls Type M lab 200 (2007) (Germany) three
electrodes cell. Saturated calomel electrode Hg/HQ:
Cl, was used as a reference electrode and Pt
electrode was used as an auxiliary electrode. The
carbon steel specimen was connected to the working
electrode with exposure area of 1 cm? By the
extrapolation of Tafel plots segments, the corrosion
current density (lcorr) Was measured.

The inhibition efficiency (%mn) was calculated
according to equation (1)),

I°corr—Icorr

%n = ( ) x 100 (1)

I°corr
where 1°cor and leorr are uninhibited and inhibited
corrosion current densities, respectively.
Potentiodynamic polarization measurements were
used to test the corrosion inhibition efficiency of
carbon steel by the (CHAB) compound in 1M HCI .
The experiments were carried out at different
temperatures (298, 308 and 318 K), in presence of
different concentrations of CHAB (0.10, 0.50, 1.00
and 5.00 mM). Table 1 illustrates the measured
parameters that include: corrosion potential (Ecor),
corrosion current density (lcorr), cathodic and anodic
Tafel slopes (Bc and Pa), inhibition efficiency (%mn)
and surface coverage (0).

The results indicated that increasing the concentra-
tion increases the inhibition efficiency at each
temperature, the maximum recorded inhibition
efficiency was 94.77% in the presence of CHAB in
5 mM concentration at 298 K "),
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It was also found that increasing the temperature 0 _g 200 400 600 800
above 298 K decreases the inhibition efficiency, 1000 : : ' :
such decrement in the efficiency may be attributed CHAB 298
to the desorption of CHAB molecules form the 100 -
adsorbed protective film on the metal surface. 10

The displacement in the Ecor values that results

from the presence of CHAB in the acidic solution 1

was found to be less than 50 mV (Table 1), this Log I/

indicates that CHAB acts as a mixed type inhibitor 0.1

which inhibits both anodic and cathodic reactions

simultaneously (®. Fig. 4 shows the obtained 0.01 A

polarization curves. _ _ _ o _
Fig. 4. Potentiodynamic polarization curves for carbon steel in 1 M

HCI in the absence and presence of CHAB at 298 K.
3.3. Effect of temperature

The effect of temperature on the  corrosion

Table 1: polarization parameters for carbon steel corrosion in 1M P inhihi
HCl in the presence of different concentrations CHAB at different parameters of carbon steel in free and inhibited

temperatures solutions of 1 M HCI was studied at a temperature
range of 25-45 °C, Fig. 5 represents the influence

| ; ] of temperature on inhibition efficiency for
T | v oD | eAC | e | miDe | %n o |corrosion of carbon steel in 1 M HCI in the
K| ™M — absence and presence of different concentrations
- 446 ' 3103 | -3027 | 316 | 0 0 of inhibitor (CHAB). Data revealed that the
s | BB | em | ara | ssse | o o inhibition ef.ﬁm_ency decreased. V‘.Jlt.h increasing
308 blank - temperature, indicating that the inhibitor was low-
118 48 4349 | w16 | 3w | 0 ° |er effective at higher temperature up to 45 °C (9,
wo | PP | as | 14 | sos | sacs oss | This could be explained by weakness of
298 . . . .
365 Physisorption of adsorbed inhibitor on the carbon
455 8 -1155 1158 79.92 0.799 . -
a8 | o1 steel surface in first stage .
459 >0 1112 -1105 994 7443 0.74
381
- 489 169 3.62 -103 1039 | 8833 0.88 %IE 100
233 90
208 05 488 51 -1373 1435 87.19 0.87 B 1.00E-04
3.29 80
318 497 7.21 -180.1 145 8342 0.83 5.00E-04
114 70 ’.ﬁ.—
508 411 249 -118 198.1 9197 0.92 === 1.00E-03
2.25 60
208 L 470 4.93 724 689 87.62 0.876 e=@==5._00E-03
294 50 T T 1
318 456 6.45 -198.9 190 8517 0.85 290 300 310 320
074 Temp K
411 1.62 -90 126 94.77 0.947
298
410 L2 289 | -1285 | 2331 | 9277 0.927 Fig. 5. Effect of the temperature on the inhibition efficiency Was
308 5 — obtained for carbon steel in 1 M HCI in the presence of different
s 496 499 | -1526 | 1321 | 8852 0.885 concentrations of inhibitor (CHAB).

3.4. Adsorption isotherm

The adsorption of organic molecules provides
information about the interaction among the
adsorbed molecules themselves as well as their
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interaction with the electrode surface. The degree
of surface coverage (0) for different concentrations
of inhibitor molecules in 1 M HCI was calculated
using the following equation®® :

0= ( I°corr—Icorr) (2)

I°corr

where  1°or and I are uninhibited and
inhibited corrosion current densities, respectively.
The equation that fits our results is due to
Langmuir isotherm and is given by the general
equation@V):

C 1
6 " Kads +C (3)

where C is the inhibitor concentration, Kags is the
adsorptive equilibrium constant and (0) is the
surface coverage. The surface coverage (0) was
tested graphically for fitting a suitable straight line
with a correlation coefficient (R?) equal to (1) and
a slope closed to 1 as seen in Table 2. This
indicates that the adsorption of these inhibitors
can be fitted to a Langmuir adsorption isotherm.
The strong correlation of the Langmuir adsorption
isotherm may  confirm the validity of this
approach. The equilibrium constant (Kags) for the
adsorption—desorption process of these
compounds can be calculated from the reciprocal
of the intercept. The adsorptive equilibrium
constant (Kags) values are listed in Table 2. It is
clear that, the large values indicate a strong
adsorption of the synthesized inhibitor on the
surface of carbon steel in 1 M HCI at relatively
higher temperatures. This may be due to the
formation of co- ordinated bonds between the
prepared inhibitor and the d- orbital of iron on the
surface of steel.

3.5. Thermodynamic parameters

The standard adsorption free energy (AGCads)
can be obtained according to the following
equation @2 ;

AGP°qs =R T In (55:5Kas) (4)

where R is the gas constant(8.314J mol* K1), T is
the absolute temperature, and the value 55.5 is
the concentration of water in solution expressed
in M. The negative values of AG®ys indicate that

the. adsorption of inhibitor molecule onto steel
surface is a spontaneous process. Generally
values of AG®qs up to 20 k J mol™ are consistent
with the electrostatic interaction between the
charged molecules and the charged metal
(physical adsorption) while those more negative
than —40 kJ mol? involve sharing or transfer of
electrons from the inhibitor molecules to the
metal surface to form a coordinate type of bond
(chemisorption)@).Calculated AG®gs values
indicated that the adsorption  mechanism on
carbon steel in 1 M HCI solution is a chemical
adsorption.

The adsorption heat can be calculated according to
the Van't Hoff equation @4 :

— AHads
+ Cons

Log Kass = 2.303 RT )

where AHgs and Kags are the adsorption heat and
adsorptive equilibrium constant, respectively.

To obtain the standard enthalpy, plotting Log
Kads Vs. 1/T (Fig. 6) yielded straight line according
to Eg. (5) with slope equal to — AHCuqs/R. The
AH®,qs values were equal to -28.72 kJ mol* for
CHAB. The positive values of AH°yqs indicated
that the adsorption of investigated inhibitors on the
carbon steel surface is endothermic. Entropy of
inhibitor adsorption AS°ads can be calculated
using the following equation o)

AGOads = AHoads —-T ASOads (4 )

The obtained AS®s values were listed in Table 2.
The positive values of AS°qgs mean that the
adsorption process is accompanied by an increase
in entropy, as was expected, since the
endothermic  adsorption  process is always
accompanied by an increase of entropy which is
the driving force for the adsorption of inhibitor
onto the carbon steel surface ),
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Table 2. Thermodynamic parameters of adsorption on carbon steel
surface in 1 M HCI containing different temperature of the
synthesized inhibitor.

c T |slop| R? | LogK AGas A Hea A S
om siop v e KJ.molt | KJ.mol! | KJ.mol!
298 | 1.1] 1 | 4502 | -35.42 -0.0222
CHAB | 308 | 1.2 | 1 | 4301 | -35.61 | 2872 | .0.0223
318 | 14| 1 | 4200 |-37.87 -0.0287
" 4.55
° =
® 4.45 \
=~ 44 - - -
0.00315 0.00325 0.00335 0.00345
1/T

Fig. 6. The relationship between Log Kads and 1/T for carbon steel
in 1 M HCI solution containing different concentrations of

inhibitor.
5. CONCLUSION

A aromatic azo-Schiff compound (CHAB) has
been synthesized, the inhibition efficiency of
CHAB for carbon steel corrosion in 1 M HCI was
investigated, High inhibition efficiency was
recorded (94.77% by Potentiodynamic) at 5.00
mM  concentration.  Thermodynamic  studies
proved that CHAB is adsorptive inhibitor and their
adsorption process obeys the Langmuir's
adsorption isotherm, and is spontaneous. The
values of the standard free energies of adsorption
indicate that inhibitors are adsorbed on carbon
steel in 1 M HCI through chemical mechanism.
Such high corrosion inhibition efficiency with
such low concentration make CHAB an excellent
carbon steel corrosion inhibitor with environm-
ental and economic advantages.

REFRENCES

1. Verma, C., Olasunkanmi, L. O., Ebenso, E.
E.and Quraishi, M.A., Results in physics., 8, 657-
670 (2018).

2. Douadi, T., Hamani, H., Daoud, D., Al-
Noaimi, M. and Chafaa, S., Journal of the Taiwan

Institute of Chemical Engineers., 71, 388-404
(2017).

3. Chaouiki, A., Lgaz, H., Chung, I.M., Ali, 1.H.,
Gaonkar, S.L., Bhat, K.S., Salghi, R., Oudda,

H. and Khan, M.I., Journal of Molecular

Liquids., 266, 603-616 (2018).

4. Dutta, A, Saha, S.K., Adhikari, U., Banerjee,
P. and Sukul, D., Corrosion Science., 123, 256-
266 (2017).

5. Finsgar, M., Jackson, J., Corrosion Science.,
86, 17-41 (2014).

6.Amin, M. A., Mohsen, and Hazzazi, O.A,,
Materials Chemistry and Physics., 114(2-3), 908-
914 (2009).

7. Verma, C., Quraishi, M.A., Olasunkanmi,
L.O. and Ebenso, E.E., RSC Advances., 5(104),
85417-85430 (2015).

8. Danaee, I., Niknejad Khomami, M., Material
wissenschaft and Werk stofftechnik., 43(11), 942-
949 (2012).

9.Ghasemi, O., Danaee, ., Rashed,G.R.,
RashvandAvei, M. and Maddahy, M.H.,Journal of
Central South University., 20(2), 301-311(2013).
10. El Haleem, S.A., El Wanees, S.A.and El Aal,
E.A., Farouk, A., Corrosion Science., 68, 1-13
(2013).

11. Lai, C., Xie, B., Zou, L., Zheng, X., Ma, X.
and Zhu, S., Results in physics., 7, 3434-3443
(2014).

12. Fouda, A.S., Rashwan, S.M. and Farag, M.E.,
Protection of Metals and Physical Chemistry of
Surfaces., 51(4), 637-650(2015).

13. ASTM International. Standard Practice for
Calculation of Corrosion Rates and Related
Information from Electrochemical Measurements.
Astm G 89, 102 -89, (1999).

14. Bouchouit, M., Elkouari, Y., Messaadia, L.,
Bouraiou, A., Arroudj, S., Bouacida, S.,
Taboukhat, S. and Bouchouit, K., Optical
andQuantum Electronics., 48(3), 178(2016).

15. Benabid, S., Douadi, T., Issaadi, S., Penverne,
C., Chafaa, S., Measurement., Corrosion Science
99, 53-63 (2017),

16. Hosseini, M., Mertens, S.F., Ghorbani, M.and
Arshadi, M.R., Materials Chemistry and Physics.,
78(3), 800-808(2003).

17. Bedair, M.A., El-Sabbah, M.M.B., Fouda,
A.S. and Elaryian, H.M., Corrosion Science., 128,
54-72 (2017).

247



Journal of Basrah Researches ((Sciences)) Vol. (45). No. 2 (2019)

18. Fouda, A.S., Diab, M.A. and Fathy, S,
International Journal of Electrochemical Science.,
12(1), 347-362 (2017).

19. Gup. R and Kerkan B, SpectrochimicaActa
Part A.; 62 (4,5),1188 (2005).

20. Singh, D. K., Ebenso, E. E., Singh, M. K,
BEHERA, D., Udayabhanu, G. and John, R. P.,
Journal of Molecular Liquids., 250, 88-99(2018).
21. W. Li, Q. He, S. Zhang, C. Pei and B. Hou,
J. Appl. Electro-chem., 38, 289 (2008).

22. Tezcan, F., Yerlikaya, G., Mahmood, A. and
Kardas, G., Journal of Molecular Liquids., 269,
398-406 (2018).

23. N.A. Negm and S.M. Tawfik, Chem. Today J.
30 (6) 5(2012).

24. Q. Qu, L. Li, W. Bai, S. Jiang and Z. Ding,
Corros. Sci., 51, 2423-2428 (2009).

25. O.K. Abiola and J.O.E. Otaigbe, Corros. Sci.,
51 2790 (2009).

26. S.M. Tawfik, A. Sayed and I. Aiad, J.
Surfactants Deterg. ,15, 577 (2012).

248


http://refhub.elsevier.com/S0167-7322(15)00182-8/rf0115
http://refhub.elsevier.com/S0167-7322(15)00182-8/rf0115

Journal of Basrah Researches ((Sciences)) Vol. (45). No. 2 (2019)
il e lal jlise ¢ LIS Caug Mg ¢ alie Guall e s

Gl [ buaddl ¢ Spad] duals [/ dipall o plell 4ill LS ¢ Lia I ad

mhm123mhm123mhm123@gmail.com

DAl

(onbie ((Jo) —oalia —2( el @Iy Jusd Jliwl=4))=3)))—4 dalall Luslavia aleg )l i — o)) 8acll jrcans Ayl Cuias
CHAB xl<ull) Jexicd .JHNMR, 3CNMR, FT IR Jie dabial Al ) ddaclsy cradld L (CHAB) &g (aela( sil
aala by A(0.1,0.5,1,5mMM ) o ciaglii dalida 5805 2icg (N=80 ) g55 (o (9)lSl oall A JSH LaiieS

iU LIS Ayl Jlewiay b fill 55U ciwyd (25, 35, 45 €) sl s ge gaady 1 N HC
el Lyl 5o LSl duad el (g Bhall ilays g L)) ae Ja Jaafisl) 5:US o ikl i . (- Potentiodynamic polarization )
AH ) ¢ AG gyl d3lall (i 4Selisaga il Jlsall (any lass 23 LS 25 € gya Anyus5 MM 550 aie (94.77 % )
Ot b IS cllaiad a1 dgee s ¢ laSY £ 3gal gy (el i e il Shad o) ans Gua AS s Yl
- Labiadll g gl

Chdi— g3l saeld ¢ Laufill 5eliS ¢ Augumall culladiall ¢ JignlSl Yl ¢ dualidall CilalS

249


mailto:mhm123mhm123mhm123@gmail.com

