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Abstract

Corrosion is one of the prevalent problems in industries such as oil and Received: 9 October 2021
gas industry. This renders the corrosion prevention associated with Accepted: 20 December 2021
the economic concerns. Due to the need for continuous operation of oil Page Number: 7-29

and gas industry processes and high maintenance costs, using corrosion
inhibitors is one of the best approaches to deal with industrial corrosion.
Nanoparticles with a higher specific surface area have a much higher

adsorption coefficient than ordinary particles on the metal surface. For Keywords:

this reason, their use as an inhibitor has received much attention in Corrosion Protection,
recent years. Therefore, in this study, using different types of corrosion Nanoparticle,
inhibitor nanoparticles has been reviewed. According to the aims of Nanoinhibitor,

the present study on corrosions in the oil and gas industry, at first, Acidic Medium,

different types of common corrosions in this industry have been
introduced according to the metal or alloy used in each unit. Then,
different nanoinhibitors and their applicability in different environments
and operating conditions have been investigated. At the end of this study,
various methods of synthesis and characterization of the performance of
nanoinhibitors are discussed.
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5. Carburization

6. Stress Corrosion Cracking (SCC)

7. Crevice Corrosion

8. Pitting Corrosion

9. Selective Leaching Corrosion (SLC)
10. Erosion Corrosion

11. Hydrogen Blistering (HB)

12. Hydrogen Induced Cracking (HIC)
13. Sulfide Stress Cracking (SSC)

14. Microbial Influenced Corrosion (MIC)
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2. Cathodic Protection
3. Anodic Protection
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Figure 1. (a)Schematic of acidizing pipe and its components [8] and (b) Schematic of desalter and demulsification of crude oil unit [9].
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Figure 2. (a) Schematic of catalytic reforming unit [9] and (b)Schematic of sour water stripper (SWS) unit [11].
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Figure 3. (a) Schematic of catalytic cracking unit [9] and (b)Schematic of steam cracking unit [16].
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Figure 4. a)Schematic of merox unit [11] and b)Schematic of alkylation unit [9].

Table 1. Classification of common types of corrosion in different section of the oil and gas industry and effective parameters.

Section

Corrosion

Affecting parameters

Unit/Equipment

. . . & & . «*HF concentration
Acidizing pipe Production ~ «<+Carbon steel % General corrosion #HCI concentration [18]
& piti _ o CO; concentration
Wellhead Production ~ <+Carbon steel : : mg corrosu?n 4% H,S concentration [18]
** Sulfidic corrosion o .
** O, concentration
& pitti . +$* Saline water concentration
Oil separator Production ~ «+Carbon steel ‘:‘ EI "_]g corrosion ‘:‘Temperature and pressure [18]
#* Erosion
‘:‘Type of crude oil
. o +$* Flow rate
Transmission Pipeline ** CRAs 2 pitti . T " [19]
pipelines o Carbon steel +* Pitting corrosion '* Temperature
+$* Saline water concentration
o . . . «*Microorganism concentration
) ) «Carbon steel ** Pitting corrosion s Temperature
Ol reservoirs Storage :::g/ltg:ﬁlgo 4 < Microbial influenced <+Volume and storage time [20]
* HOeE % Type of water/oil emulsion
Desalter Refining  +Carbon steel o Pitting corrosion “»Amount and type of salinity [21]
NG :::itjstleﬁﬂfc +«»Naphthenic acid concentration
distillation Refining 4. Stainless steel *%*Pitting corrosion A e AT [22]
% Carbon steel «+Sulfur concentration
Catalytic Refining % Steel-Cr alloy <> Pitting corrosion «» Temperature [23]
reforming +% Carburization ++Cl concentration
Catalytic % Carbon steel ++Stress corrosion «»Temperature [10],
i Refining ~:'800— Allo cracking ++Cl concentration [12],
9 g y «+Carburization ++NHj3 concentration [13]
% Steel-316
& o . . < Flow rate [10],
S(;;Jrzr\)/;e;trer Refining ‘;2537'?:: I(:));/ ::’ Pitting corrosion +H,S concentration [12],
STiCD *Erosion +%Cl concentration [24]
2 Hi T t d
Steam cracking Refining < Carbon steel Q ngh_temperature : emperature ana pressure [25]
corrosion ** Vapor flow rate
DS ;
Merox Refining «»Carbon steel o Pitting corrosion : S TS [26]
** Temperature
B
Pipeline with * C;)égirrtl)gen stress +$* CO, concentration
high steam Refining +Steel-Cr alloy o L. o H,S concentration [19]
pressure +* Hydrogen blistering 2 Pinel
’:’Pitting corrosion e i
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R/
** Carbon steel

Alkylation %
*+* Monel-400

Refining

N - o
% Pitting corrosion

R/ n
** H,SO, concentration
R/ a
*¢* HCI concentration

o pitting corrosion ‘:’Viscosity and flow rate
*
Pump General  +*CRAs o Erosign +%* Saline water concentration [28]
*
X8 Impeller speed in centrifuge pump
7 n -
*+* Solid particle
o
Compressor General  *%*CRAs *% Erosion ‘:’\:Ilater dtroplet [30]
#* Flow rate
<> Temperature and pressure
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Figure 5. Schematic of the effect of adding inhibitor and forming adsorbed protective surface layer for preventing corrosion [32].
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Table 2. Some of inhibitors that used in industry based on metal corrosive medium.

Inhibitor
NaNOs: 0.1%
CaS0,4.5H,0: 5-20 ppm
NaOH: 0.8%
Arsenic (toxic)
Thiourea: 0.2%

Formaldehyde (toxic)

Metal

Monel

Steel

Steel

Carbon Steel

Carbon Steel

Carbon Steel

Corrosive medium Ref.
Cl: 0-0.5% [33]
H,S0,: 2.5% [34]
NaCl: 4% [34]
H,S0,: 80% [35]
NH,NO; [34]
brine [33]

1. Anodic Passivating Inhibitors
3. Anodic Inorganic Inhibitors
5. Ohmic Inhibitors

7. Nanocontainers

9. Nanocapsule Core-shell

2. Cathodic Inhibitors

4. Organic Inhibitors

6. Volatile Corrosion Inhibitor
8. Mercaptobenzothiazole
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Figure 6. Schematic of different types of Nanocontainers [38].
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Table 3. A review of studies on nanoinhibitors that are used for corrosion protection.
Nanoinhibitor Crggg?axe Operational conditions Performance Summary
Temperature: «+Polydopamine  nanoparticles  are
) P : adsorbed on steel surface and reduce
. Mild corrosion by creating a thin protective
Polydopamine steel HCI Concentration: layer [44]
medium: 1 M A - .
S «*Inhibition efficiency is 86% at
REME A 80 el a concentration of 40 mg/L
Temperature: 2% Doping of vanadium in structure of
surrounding titanium oxide creates a nanometer layer
V-TiO, Steel Cl-Solution  concentration: of nanoparticles near the metal surface  [45]
medium: - and corrosion inhibition efficiency of
nanoparticle: 500 ppm 90% is achieved.
Temperature: & - . f
2560 °C *Increasing  concentration 0
nanoparticles, increases the corrosion
CeO,-Pectin Steel- HCl Concentration: inhibition efficiency [46]
X60 medium: 0.5 M N . .
CeO»: 1-5 mM «The protective layer is formed by
2 absorbing Pectin into the metal surface.
pectin: 0-500 ppm
(\Z-\))LegwgMo)w_fﬂgwdw_gl)ﬂlwwwyﬂ \7
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Nanoinhibitor .
medium

Carboxymethyl Steel-

cellulose-Ag ST37 H2S0,
ZIF-8 Carbon
@{Moyz,} steel HCl
. Carbon .
Zn gNi 4Fe,0, steel Crude oil
CeO,-Au, Ag, Mild
Pt steel =
i H,SO
CeO, Mild 294
steel HCl
. Mild
Acetohydrazide steel HCI
. Mild
ZnTiO3 steel HCI
. Carbon
NiFe,O, steel H,SO,

Corrosive

Operational conditions

Temperature:
25-60 °C

Concentration:
medium: 15%
nanoparticle:0-1000 ppm

Temperature:
30-50 °C

Concentration:
medium: 1 M
nanoparticle:300-700ppm

Temperature:

Concentration:
medium: -
nanoparticle: -
Temperature:
surrounding

Concentration:
medium: 1 N
nanoparticle: 12-50 mg/L

Temperature:
surrounding

Concentration:
medium: 1 N
nanoparticle: 0.1%

Temperature:
surrounding

Concentration:
medium: 1 M
nanoparticle: 0.01-1 mM

Temperature:
30-60 °C

Concentration:
medium: 0.5 M
nanoparticle: 0-4 mM

Temperature:
surrounding

Concentration:
medium: 1 M
nanoparticle: 0-200 ppm

Performance Summary

*+Adding Ag nanoparticles into
the CMC, increases stability and
corrosion inhibition efficiency.

By EIS analysis at a concentration of
1000 ppm and temperature of 25 °C,
the  highest  corrosion inhibition
efficiency of 93.94% was obtained.

“*AFM and SEM analysis showed that
the metal surface would be smoother by
addition of nanoparticles.

*FTIR and EDS analysis showed that
CMC and Ag molecules are well
adsorbed on the metal surface.
ssTemperature does not have much
effects on corrosion inhibition efficiency
of nanoparticles.

*»AFM and SEM analyzes showed that
nanoparticles are adsorbed at the metal
surface by chemical  adsorption
mechanism.

+»Adding nanoparticles into the medium,
reduce rate of corrosion from 0.848 mpy
to 0.4 mpy.

«»The corrosion inhibition efficiency is
between 80-96% and results showed that
by increasing  concentration  of
nanoparticle, the efficiency also increase.

++The corrosion inhibition efficiency of
nanoparticles in H,SO, and HCI
corrosive medium is 99.73% and 83.55%
respectively. This indicates that CeO,
nanoparticles performs better in H,SO,
medium.

+«+Corrosion inhibition efficiency
increases by increasing nanoparticle
concentration. so that, its maximum value
for 1 mM concentration of nanoparticles
is 96.7%.

+*Nanoparticle adsorption coefficient in
the Langmuir isotherm at 30 °C was
32258 L/mol, which indicates high
adsorption rate on the metal surface.

«*Increasing the temperature from 30 °C
to 60 °C reduced the corrosion inhibition
efficiency from 86% to 80.1%.

“The results obtained from linear
polarization test showed that
the corrosion current density in solution
without inhibitor, 50 ppm inhibitor and
200 ppm inhibitor are 1200, 545 and
1100 pA/cm?, respectively. This indicate
that increasing the concentration of
nanoparticles reduces the corrosion
inhibition efficiency which can be
attributed to the adsorption of metal
cations on the surface.

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]
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Nanoinhibitor Crggg?zlr\r/]e Operational conditions Performance Summary
Temperature: “*Adsorption of nanoparticles forms
: : surrounding a protective layer near the metal surface.
Elaeis Mild Hel . At a concentration of 10% of [55]
guineensis-Ag steel Concentration: nanoparticles, the highest corrosion
medium: 1 M inhibition ~ efficiency of 94.1% s
nanoparticle: 2.5-15% obtained.
Temperature:
Mild ) ) +»The solution containing 550 ppm of
Imidazole-AlI** steel HCl Concentration: Imidazole and 60 ppm of AI** have 94%  [56]
medium: 0.2 N corrosion inhibition efficiency.
imidazole: 0-600 ppm
AlI**: 0-60 ppm
Temperature:
MgAIXngFeZ- Surrounding S EIS -analysis -ShOWS that a Single
2 Steel H.S0 : protective layer is formed adjacent to [57]
X=(0, 0.1, 0.3 2= Concentration: the steel surface. For x=0.5 the maximum
B medium: 1 M corrosion protection is obtained.
5) nanoparticle: 0.025 g/L
Temperature:
Grap_hene rroundin ++At concentration of 500 ppm, corrosion
Oxide- . Siiraimelng, c -
Chitosan-zinc Mild Hel ) inhibition efficiency of GO, GO-CS and [58]
Oxide steel Concentration: GO-CS-ZnO nanoparticles are 42.3%,
coveE medium: 1 M 83.8% and 85.6% respectively.
(GO-CS-Zn0) nanoparticle:100-500ppm
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9. Self-Assembly Methods

10. Emulsion Based

11. Precipitation

12. Convergent and Divergent Approach
13. Multilayer Shells

. Bottom-Up Method

. Top-Down Method

. Sol-Gel Method

. Biosynthesis Method

. Chemical Vapor Synthesis (CVS) Method
. Laser Ablation Method

. Thermal Decomposition Method

. Layer-by-Layer Technique
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Figure 7. Schematic of common methods of nanoinhibitors synthesis: (a) Thermal decomposition method
(b) Chemical vapor synthesis (CVS) method (c) Laser ablation method (d) Sol-Gel method [59].
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1. Immersive

2. Spin

3. Spray

4. Electromagnetic
5. Fluidic Method
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Figure 8. Schematic of (a) Immersive method (b) Spin method (c) Spray method (d) Electromagnetic method
(e) Fluidic method for preparation of a layer by layer structure [62].
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Figure 9. Schematic of convergent and divergent approach for nanocontainer synthesis [67].

1. Aromatic
3. Co-Surfactants
5. Dendron

2. Aliphatic
4. Dendrimer
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Table 4. A summary of studies on nanocontainers that are used for corrosion protection and Their synthesis method.

Inhibitor

Method of synthesis

RENES

Dodecylamine Carbon steel

1H-Benzotriazole Mild steel Ultrasonic

Sodium alginate Steel alloy Layer by layer

BTA, fluorescent L
. Steel alloy Precipitation
probe coumarin
Zinc molybdate Steel alloy Ultrasonic
Sodium
Carbon steel Emulsion based

phosphomolybdate

Self-assembly

«»Corrosion protection capability = 99.9943%
(after 50 days of immersion in corrosive
medium) [68]

«»Surface resistance = recover of 90% of
the intact coating within 12 h.
«»Loading capacities=15%

+»Self-reported in 6 h [69]

«»Protected for 1 month in 3.5 wt.% NaCl
solution

+«¢+Highest corrosion inhibition in 5% NaOH [70]
solution and 5% NaCl solution

++Almost no discharge at pH = 3-9

++Gradual discharge at pH >9 [71]
«»Complete discharge at pH = 13

2.5 wt.% BTA loaded in each nanocontainer

«*The inhibitors can self-release into the
solution to inhibit steel corrosion at either low
or high pH values, such as pH 2 or 11

«»In the near-neutral pH range from 5 to 9,

the nanocontainers remain closed and [72]
the inhibitors are not able to release at

an appreciable level

«»Kinetics of inhibitor releasing curves
showed that for pH 2.0 condition, the release
of inhibitor was faster in comparison with
other pH conditions (9.0 and 6.2)

+The results of EIS showed that coating
(EP100) with 1% benzotriazole-loaded HNT [73]
had better corrosion protection than plain
EP100 coating.
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