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Inhibition of corrosion of L 80 alloy in sodium hydroxide 
solution (pH=12) by succinic acid 

ABSTRACT 

Inhibition of corrosion of L80 alloy in sodium hydroxide solution (pH=12) by succinic acid has been 
evaluated by electrochemical studies such as polarization and AC impedance spectra. The study 
reveals that succinic acid is able to control corrosion of L80 alloy in NaOH solution (pH = 12). 
When L 80 alloy is immersed in NaOH solution , the linear polarisation resistance (LPR) increases 
and the corrosion current (Icorr) decreases as revealed by potentiodynamic polarization study. 
Succinic acid at pH=12 functions as anodic type of inhibitor. When L80 alloy is immersed in NaOH 
solution , the charge transfer resistance (Rt) increases, impedance increases, phase angle 
increases and double layer capacitance (Cdl) value decreases . These results suggest that a 
protective film is formed on the metal surface and probably the protective film consists of Fe 

2+
 -

inhibitor complex (Iron succinate). 

Keywords: corrosion inhibition, L80 alloy, sodium hydroxide solution, electrochemical studies, 
succinic acid 

 
1. INTRODUCTION 

The corrosion of steel materials in alkaline-
saline media is the largest problem in industry. 
Economical and environmentally friendly corrosion 
inhibitors are crucial for corrosion protection. Ma et 
al. have used Nicotinic acid as a novel inhibitor for 
alkaline cobalt in cobalt interconnect chemical 
mechanical polishing (CMP) [1]. The effect of 
structural properties of benzo derivative on the 
inhibition performance for copper corrosion in 
alkaline medium has been investigated by Li et al. 
[2]. Govindaraj et al. have used nano-sized cerium 
vanadium oxide as corrosion inhibitor. It was 
observed that the dissolution/solubility of the 
corrosion inhibitor was more favorable in neutral to 
alkaline conditions than in acidic conditions [3]. 
Organic tannic acid (TA) molecules and then 
inorganic praseodymium (Pr) cations as corrosion 
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inhibitors were successfully loaded by Motamedi et 
al.[4] into a zeolitic imidazolate framework (ZIF8)-
type porous coordination polymer (PCP) decorated 
on molybdenum disulfide, MoS2, (MS)-based 
transition metal dichalcogenides (TMDs) to create 
novel hybrid mesoporous Pr/TA-ZIF8@MS 
nanoreservoirs. Abd El-Lateef et al. have studied 
the effect of two isomer forms thiazole and 
thiadiazine on the inhibition of acidic chloride-
induced steel corrosion [5]. Ruf et al. have used 
natural product-derived phosphonic acids as 
corrosion inhibitors for iron and steel. They have 
been evaluated by chip filter assay, 
potentiodynamic polarization measurements, 
electrochemical impedance measurements and 
gravimetry for corrosion protection of iron and steel 
in an aqueous environment at slightly alkaline pH 
[6]. Krishnaveni and Vasanthajothi have 
investigated on corrosion inhibition behaviour of 
aqueous extract of leaves of Morinda Tinctoria on 
Aluminium in sodium hydroxide solution [7]. Chen 
et al. have made a study on anti-corrosion 
mechanism of a new double mannich alkaline 
corrosion inhibitor for acidizing [8]. The corrosion of 
steel materials in alkaline-saline media is the 
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largest problem in industry. Economical and 
environmentally friendly corrosion inhibitors are 
crucial for corrosion protection. Berdimurodov et al. 
have developed a novel cucurbit[6] uril-based [3] 
rotaxane supramolecular ionic liquid as a green 
and excellent corrosion inhibitor for the chemical 
industry [9]. Nambiar et al. have used Derris Indica 
leaves extract as a green inhibitor for the corrosion 
of aluminium in alkaline medium [10]. The present 
work is undertaken to investigate the corrosion 
resistance of L80 alloy in sodium hydroxide 
solution at pH 12 in the absence and presence of 
succinic acid as corrosion inhibitor. Polarisation 
study and AC impedance spectra(Electrochemical 
Impedance Spectroscopy - EIS) have been 
employed for this purpose. 

2. EXPERIMENTAL 

Electrochemical studies 

The corrosion resistance of L80 alloy in sodium 
hydroxide solution (pH = 12) has been measured 
by electrochemical studies such as potentiody-
namic polarisation study and AC impedance 
spectra [11-28]. 

Potentiodynamic polarisation study 

A CHI electrochemical work station with 
impedance model 660A was used for this purpose. 
A three-electrode cell assembly electrode was 
used in the present study. L80 alloy was used as 
working electrode; saturated calomel electrode was 

used as reference electrode and Platinum 
electrode was used as counter electrode. From the 
Polarisation study corrosion parameters such as 
corrosion potential (Ecorr) corrosion current (Icorr) 
and Tafel slope values (anodic = ba and cathodic = 
bc) and Linear polarisation resistance (LPR) were 
calculated. The scan rate (V/S) was 0.01. Hold time 
at (Efcs) was zero and quit times (s) was two. 

AC impedance spectra 

AC impedance spectral studies were carried 
out on a CHI – Electrochemical workstation with 
impedance, Model 660A. A three – electrode cell 
assembly was used. The working electrode was L 
80 alloy, a saturated calomel electrode (SCE) was 
the reference electrode and platinum was the 
counter electrode. 

The real part (Z’) and imaginary part (-Z’’) of the 
cell impedance were measured in ohms at various 
frequencies. Values of the charge transfer 
resistance (Rt) and the double layer capacitance 
(Cdl), impedance value and phase angle were 
calculated from Nyquist plots and Bode plots. 

Composition of L 80 alloy 

L80 alloy is a controlled yield strength material 
with a hardness testing requirement. L80 is usually 
used in wells with sour (hydrogen sulfide) 
environments. 

The composition of L80 alloy used in this study 

is given in Table 1. 

Table1. Chemical Composition of L80 alloy 

Tabela 1. Hemijski sastav legure L80 

 C Mn Mo Cr Ni Cu Ti P S Si V Al 

Min - - - - - - - - - - - - 

Max 0.430 1.900 - - 0.250 0.350 - 0.030 0.030 0.450   
 

3. RESULTS AND DISCUSSION 

Electrochemical studies such as polarization 
and AC impedance spectra [11-28] have been 
employed to evaluate the corrosion protection 
nature of succinic acid. 

Analysis of polarisation curves 

Polarisation study has been used to detect the 
formation of protective film on the metal surface. 
When a protective film formed on the metal 

surface, the linear polarisation resistance (LPR) 
increases and the corrosion current (Icorr) 
decreases. The potentiodynamic polarisation cur-
ves of mild steel immersed in various test solutions 
are shown in Figure 1. The corrosion parameters 
namely, corrosion potential (Ecorr), Tafel slopes 
(bc=cathodic; ba= anodic) linear polarisation resis-
tance (LPR) and the corrosion current (Icorr) are 
given in Table 2. They are compared in Figure 2. 

Table 2. Corrosion parameters of L80 alloy immersed in various test solutions obtained by 
potentiodynamic polarisation study 

Tabela 2. Parametri korozije legure L80 uronjene u različite test rastvore dobijene potenciodinamičkom 
polarizacijom 

System 
Ecorr 

mVvs SCE 

bc 

mV/decade 

ba 

mV/decade 

LPR 

Ohmcm
2 

Icorr 

A/cm
2
 

NaOH  -706  225 193 253 1.79 x10
-4

 

NaOH + succinic acid (1000 ppm) -648  184 229 357 1.24 x 10 
-4
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Figure 1. Polarisation curves of L80 alloy immersed in various test solutions (a) NaOH (b) NaOH + 
Succinic acid 

Slika 1. Polarizacione krive legure L80 uronjene u različite testne rastvore (a) NaOH (b) NaOH + ćilibarna 
kiselina 

 
Figure 2. Comparison of corrosion parameters of polarisation study 

Slika 2. Poređenje parametara korozije studije polarizacije 

 

Influence of succinic acid on the corrosion 
resistance of L-80 alloy immersed in sodium 
hydroxide solution (pH = 12) 

When L80 alloy is immersed in sodium 
hydroxide solution (pH = 12) the corrosion potential 
is -706 mV vs SCE. The formulation consisting of 
1000 ppm of succinic acid shifts the corrosion 
potential from -706 to -648 mV vs SCE. This 
indicates that succinic acid at pH=12 functions as 

anodic type of inhibitor in controlling corrosion of 
mild steel in sodium hydroxide solution at pH 12. 
That means the anodic reaction is controlled 
predominantly. It is also observed that in the 
presence of succinic acid the LPR value increases 
from 253 to 357 Ohmcm

2
, and the corrosion current 

decreases from 1.79 x10
-4 

to 1.24 x10
-4 

A/cm
2
. In 

the presence of inhibitor, LPR value increases and 
corrosion current decreases (Figure 1).  

 

Figure 3. Iron succinate complex 

Slika 3. Gvožđe ćilibarni kompleks 
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These results suggest that a protective film is 
formed on the metal surface and probably the 
protective film consists of Fe

2+
 inhibitor complex 

(Figure 3). 

Analysis of AC impedance spectra 
(Electrochemical Impedance spectra-EIS) 

AC impedance spectra have been used to 
detect the formation of the film formed on the metal 
surface. If the protective film is formed, the charge 
transfer resistance (Rt) increases, impedance 
increases, phase angle increases and double layer 
capacitance (Cdl) value decreases. The AC 
Impedance spectra of mild steel immersed in 
various solutions are shown in Figures 4-6. The 

corrosion parameters are compared in Figure 7 
and 8. 

The AC impedance parameters, namely charge 
transfer resistance (Rt), impedance, phase angle 
and double layer capacitance (Cdl) are given in 
Table 3. It is observed from Table 3 that when mild 
steel is immersed in sodium hydroxide solution 
(pH=12), in the presence of inhibitor (1000ppm of 
succinic acid) the charge transfer resistance (Rt) 
increases, impedance increases, phase angle 
increases and double layer capacitance (Cdl) value 
decreases (Figure 8). These results suggest that a 
protective film is formed on the metal surface and 
probably the protective film consists of Fe

2+
 

inhibitor complex (Figure 4). 

 

Figure 4. Nyquist plots of L80 alloy immersed in various test solutions. (a) NaOH (b) NaOH + Succinic acid 

Slika 4. Nyquist-ovi dijagrami legure L80 uronjeni u različita testna rešenja. (a) NaOH (b) NaOH + ćilibarna 
kiselina 

 

Figure 5. Bode plots (log frequency vs impedance plots) of L80 alloy immersed in various test solutions (a) 
NaOH (b) NaOH + Succinic acid 

Slika 5. Bode-ovi dijagrami (log frekvencije u odnosu na impedansu) legure L80 uronjene u različita testna 
rešenja (a) NaOH (b) NaOH + ćilibarna kiselina 
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Figure 6. Bode plots (log frequency vs phase angle plots) of L80 alloy immersed in various test solutions. 
(a) NaOH. (b) NaOH + Succinic acid 

Slika 6. Bode-ovi dijagrami (log frekvencije u odnosu na fazni ugao) legure L80 uronjene u različita testna 
rešenja (a) NaOH. (b) NaOH + ćilibarna kiselina 

 

 

Figure 7. Interactive-3D plot of L80 in NaOH solution 

Slika 7. Interaktivni 3D dijagram L80 u rastvoru NaOH 
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Table 3. Corrosion Parameters of L80 alloy immersed in various test solutions obtained by AC Impedance 
spectra 

Tabela 3. Parametri korozije legure L80 potopljene u različite test rastvore dobijene spektrima AC 
Impedance 

System 
Rt 

Ohmcm
2
 

Cdl 

F/cm
2
 

Impedance 

Log(Z/ohm) 
Phase angle° 

NaOH  164  3.11x 10
-8

 2.28 38 

NaOH + succinic acid (1000 ppm) 276 1.85 x 10
-8

 2.49 46 

 

Figure 8. Interactive-3D plot of L80 in NaOH solution + succinic acid 

Slika 8. Interaktivni 3D dijagram L80 u rastvoru NaOH + ćilibarna kiselina 

 

4. CONCLUSION 

Electrochemical studies such as polarization 

and AC impedance spectra have been employed to 

evaluate the corrosion protection nature of succinic 

acid in controlling corrosion of L 80 alloy in NaOH 

solution (pH = 12).  

 • The study reveals that succinic acid is able to 
control corrosion of L 80 alloy in NaOH solution 
(pH = 12).  

 • When L80 alloy is immersed in NaOH solution , 
the linear polarisation resistance (LPR) 
increases and the corrosion current (Icorr) 

decreases as revealed by potentiodynamic 
polarization study. 

 •  Succinic acid at pH=12 functions as anodic 
type of inhibitor. 

 • When L80 alloy is immersed in NaOH solution , 
the charge transfer resistance (Rt) increases, 
impedance increases, phase angle increases 
and double layer capacitance (Cdl) value 
decreases .  

 • These results suggest that a protective film is 
formed on the metal surface and probably the 
protective film consists of Fe

2+
 inhibitor 

complex (Iron succinate). 
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IZVOD 

INHIBICIJA KOROZIJE LEGURE L 80 U RASTVORU NATRIJUM HIDROKSIDA 
(pH=12) ĆILIBARNOM KISELINOM 

Inhibicija korozije legure L80 u rastvoru natrijum hidroksida (pH=12) ćilibarnom kiselinom je 
procenjena elektrohemijskim studijama kao što su spektri polarizacije i AC impedanse. Studija 
otkriva da je ćilibarna kiselina u stanju da kontroliše koroziju legure L80 u rastvoru NaOH (pH = 
12). Kada se legura L80 potopi u rastvor NaOH, otpor linearne polarizacije (LPR) se povećava, a 
struja korozije (Icorr) opada, što je otkriveno istraživanjem potenciodinamičke polarizacije. 
Ćilibarna kiselina pri pH=12 funkcioniše kao anodni tip inhibitora. Kada se legura L 80 potopi u 
rastvor NaOH, otpor prenosa naelektrisanja (Rt) se povećava, impedansa raste, fazni ugao se 
povećava i vrednos11t kapacitivnosti dvoslojnog sloja (Cdl) opada. Ovi rezultati sugerišu da se na 
površini metala formira zaštitni film i verovatno se zaštitni film sastoji od Fe 2+ -inhibitornog 
kompleksa.  

Ključne reči: inhibicija korozije, legura L80, rastvor natrijum hidroksida, elektrohemijska 
ispitivanja, ćilibarna kiselina. 
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