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During gas well cementing operation, the erosion of acidic formation corrosive

medium will destroy the cementation between the cement slurry and the

sidewall in the well sealing section, reduce the mechanical properties of the

cement paste, cause problems such as sidewall collapse and casing damage,

seriously endanger the normal exploitation of oil and gas resources, and cause

major safety accidents. Therefore, improving the corrosion resistance of

cement paste is the key to ensuring long-term stable cementing of high-

temperature sour gas wells. This paper summarizes the influencing factors,

corrosion mechanism, corrosion test methods and research status of anti-

corrosion oil well cement additives, discusses the advantages and

disadvantages of each anti-corrosion additive, summarizes the latest

progress and challenges of anti-corrosion oil well cement, and aims to

provide some reference for researchers in related fields.
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1 Introduction

With the continuous development of the petroleum industry and the increasing

exploitation of upstream oil and gas resources, the exploitation direction is gradually

changing from simple reservoirs to complex reservoirs, from conventional oil and gas

resources to unconventional reservoirs, and from single reservoirs to special

reservoirs, which makes the existence of CO2, H2S and other acidic gases in oil

and gas reservoirs an important feature of oilfield development in various countries

(Ma et al., 2021; Li et al., 2018; Madirisha et al., 2022). In addition to the presence of

the original acid gas in the reservoir, some stimulation measures (gas drive, acid

fracturing, etc.) will also introduce corrosive gas and fluid in the formation into the

cement sheath, resulting in the cement sheath sealing failure, which greatly reduces

the cementing quality. The corrosion process is shown in Figure 1. The CO2 gas

enriched in the formation dissolves in the formation fluid under a certain temperature

and pressure, and then these acidic fluids gradually diffuse into the cement sheath.

With the occurrence of a corrosion reaction, the concentration of the corrosion

medium gradually decreases, and the corrosion products are different. If there is a

large amount of corrosive medium, there will be a small concentration change, and the

corrosion will continue. Finally, the casing will be corroded. In this process, the
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cement slurry formula must be adjusted (Lubaś et al., 2012; Xu

et al., 2015; Szott and Miłek, 2021). Therefore, it is very

necessary to introduce additives with certain anti-corrosion

abilities into the cement slurry formulation system. Because

the quality of the formula directly determines the durability

and safety of the cement paste in the acidic formation

environment, people have made some simple attempts and

achieved certain results. Zhao et al. (2021) prepared a single-

graded copolymer-modified permeable cement paste with

styrene butadiene rubber (SBR). It was found that after

adding SBR, the frost resistance of cement paste was

improved and the mass loss rate was reduced. Compared

with ordinary cement paste, double latex cement concrete

has higher sulfate corrosion resistance and lower dry

shrinkage strain. Shi. (2009) use broken waste glass as the

main aggregate of cement slurry and use soda lime glass

aggregate to react with alkaline substances in cement to

improve the corrosion resistance of cement paste. Tian

et al. (2021). prepared HSCRM cement slurry with

hydrophobically modified tire particles as cement slurry

additive. Compared with self-compacting cement slurry

(SCM), the water absorption of HSCRM decreased by

72.1%, and the corrosion resistance of HSCRM was

significantly improved. In addition, the 28 d modulus of

rupture, compressive strength, and splitting tensile strength

are 18.9%, 32.3%, and 17.2% lower than the uniaxial tensile

strength respectively. However, conventional physical acid-

resistant fillers (rubber, natural latex, plastic particles, etc.) are

difficult to meet the current complex and special construction

requirements (deep layer, high temperature, and high

pressure, etc.), because their mixing effect with cement

slurry is poor, and their mechanical properties are

significantly deteriorated (Bergen et al., 2022; Omosebi

et al., 2017a). Therefore, how effectively selecting and

developing cement slurry with good corrosion resistance

has become a new problem.

FIGURE 1
Corrosion process of cement sheath during well cementation.
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Based on the latest research reports in the field of petroleum

cementing, this paper integrates some research results of anti-

corrosion additive materials that have been proven effective or

are still in the early stage of exploration. This paper summarizes

the influencing factors, corrosion mechanism, corrosion test

methods, and research status of anti-corrosion oil well cement

additives, discusses the advantages and disadvantages of each

anti-corrosion additive, summarizes the latest progress and

challenges of anti-corrosion oil well cement, and aims to

provide some reference for researchers in related fields

(Table 1). At the same time, it also provides some solutions to

the existing problems of oilfield cementing corrosion.

2 Analysis of cement stone corrosion
factors

2.1 Liquid solid ratio

The liquid-solid ratio is the basic parameter that determines

the compressive strength, durability, and a series of other

physical properties of cement paste. The liquid-solid ratio

affects the rheological property, cohesive structure of cement

slurry, and the density of the hardened matrix by controlling the

hydration water demand and particle spacing of cement particles

per unit volume. Generally speaking, take the cement paste as an

example. With the increase of the liquid-solid ratio, the cement

paste is gradually diluted, the fluidity is improved, the thixotropy

is weakened, the compressive strength is gradually reduced, and

the water loss is gradually increased. In the presence of an acidic

medium, the higher the liquid-solid ratio is, the larger the

micropore in the cement matrix is, which is more conducive

to the penetration of a corrosive medium, thus accelerating the

damage rate of the matrix and increasing the degree of

carbonation of cement paste.

2.2 Environmental factors

Among the environmental factors, temperature and pressure

are two important parameters that affect the corrosion degree of

cement paste. In addition, there are other parameters such as

solution ion type and ion concentration that also affect the

corrosion process of cement paste (Michelle et al., 2018; Li

et al., 2021). However, in terms of the selection of cement

paste corrosion factors under actual working conditions, these

secondary parameters usually need to be ignored. To better

simulate the corrosion environment of cement paste under

actual working conditions, it is necessary to master the

solubility relationship of CO2 acid corrosion medium under

TABLE 1 The latest types of common anti-corrosion additives for oil well cement.

Anti-corrosion additives for oil well cement Function Mechanism Ref

Corrosion
resistant
powder

hydroxyapatite/alkaline zinc carbonate/
olive waste/nano waste glass, etc

Reduce permeability and prevent
corrosion

Physical shielding, micropore
filling

Srivastava et al., 2020; Mei
et al., 2019; Mahmoud and

Elkatatny, 2020; Hussien et al.,
2022

Alkali
activated
mineral

natural volcanic ash/Metakaolin/fly ash/
blast furnace slag, etc

Reduce permeability, improve
compressive strength, prevent

corrosion, and improve temperature
resistance

Micropore filling by secondary
hydration and alkaline excitation

recrystallization

Bechar and zerrouki et al.,
2018; Lau et al., 2019; Suppiah
et al., 2020; Ridha et al., 2020

Aqueous
polymer

Water soluble polymers containing
straight chain, branched chain, cross-
linked structure, or network structure

Reduce permeability, improve
toughness and prevent corrosion

Membrane coating shielding
effect, physical shielding,

micropore filling

Chen et al., 2011; Yuan et al.,
2018; Zhang et al., 2020

Aqueous resin Waterborne epoxy resin, waterborne
hydantoin resin, etc

Reduce permeability, improve
toughness and prevent corrosion

Membrane coating shielding
effect, physical shielding,

micropore filling

Peng et al., 2022; Yang, 2021;
Fu et al., 2021

FIGURE 2
Solubility relationship of CO2 in pure water (Duan and Sun,
2003; Jasperson et al., 2015).
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different temperatures and pressures to ensure the effectiveness

of corrosion test results. The changing relationship of CO2

solubility under different temperatures and pressures is shown

in Figure 2.

It can be seen from Figure 2 that under the same pressure,

with the continuous increase of temperature, the solubility of

CO2 in pure water decreases first and then increases. Under the

conditions of constant pressure, high temperature/ultra-high

temperature, the solubility of CO2 is affected by temperature.

The solubility of CO2 increases regularly with the increase in

temperature.

3 Corrosion mechanism of cement
paste

3.1 Dissolution and decalcification of
hydration products

In the corrosive curing environment, the cement paste is

not only eroded by an acidic corrosion medium but also

dissolved and decalcified by hydration products caused by

ion exchange with the solution. When the solution does not

contain acid corrosion medium or the medium concentration

is low, because the Ca(OH)2 in the cement paste has a high

solubility, after contact with deionized (Ca2+ concentration is

0) water, the difference between the internal and external

concentration makes Ca2+ in the pores of the cement paste

diffuse to the water, causing the Ca2+ concentration in the

pores to gradually reduce; When there is a certain

concentration of acid corrosion medium, Ca(OH)2 will

suffer double effects of self-dissolution and acid corrosion,

resulting in a large loss of Ca2+. To balance the concentration

difference between the pores inside the cement paste and the

solution, C-S-H in the cement paste matrix will release Ca2+

into the pore solution and retain the by-product amorphous

SiO2, which is called decalcification (Berner, 1988; Berner,

1992; Reardon, 1992; Kulik and Kersten, 2010). Equations 1

and 2 describe the decalcification process of Ca(OH)2 and

C-S-H in a pore solution.

Ca(OH)2(s) → Ca2+(aq) + 2OH−(aq) (1)
(CaO)x · (SiO2)x · (H2O)z(s) → xCa2+(aq) + 2xOH−(aq)
+ (z − x)H2O(l) (2)

The dissolution of Ca(OH)2 and the decalcification of

C-S-H cause the loss of Ca2+ in the cement paste matrix,

which will lead to the decline of the mechanical properties of

the cement paste and the increase of porosity/permeability.

Although this process is very slow, the presence of acidic

corrosion media in the solution will accelerate this process

(Zhang et al., 2022).

3.2 Corrosion mechanism

3.2.1 High-temperature corrosionmechanism of
cement paste without silica fume

The main structures of hardened cement paste that form

strength and plasticity are C-S-H and Ca(OH)2 respectively. The

destruction of cement sheath structure in acid gas/fluid

formation is mainly caused by a series of physical and

chemical reactions between the acid medium and the main

structure of cement paste (Eldin et al., 2009; Santra et al.,

2009; Lecolier et al., 2010).

First, under the influence of the formation environment,

gaseous CO2 gradually dissolves and diffuses into formation

fluid. The reaction equation is as follows:

CO2(g) → CO2(aq) (3)
CO2(aq) +H2O → H2CO3(aq) → H+ +HCO−

3 (4)

Subsequently, the hydration products of cement paste

react with the corrosion medium to generate calcium

carbonate (CaCO3) (Equations 5, 6, in which Ca(OH)2 will

corrode before C-S-H, which is the main reason why the main

product of cement paste in the early stage of corrosion is

calcite type CaCO3. When C-S-H is completely corroded, a

completely corroded area will be formed, which will reduce

the internal porosity of cement paste, and increase the

strength of the cement paste matrix when a small amount

is generated. Based on the temperature and pressure changes

in the corrosion process, the generated CaCO3 will exist in the

form of calcite, aragonite, vaterite, and calcium carbonate

hexahydrate (Bertos et al., 2004; Šavija and Luković, 2016).

Ca(OH)2(s) +H2CO3(aq) → CaCO3(calcite) + 2H2O(l) (5)
(CaO)x · (SiO2)x · (H2O)z(s)+xH2CO3(aq) → xCaCO3(s−aragonite) + ySiO2(s−amorphous)+(x + z)H2O(l) (6)

With the continuous corrosion process of cement paste, the

corrosion product CaCO3 formed previously gradually dissolves

into Ca(HCO3)2 (Equation 7). At the same time, the acid

corrosion medium will continue to consume Ca(OH)2 inside

the cement paste to form leaching, while Ca(HCO3)2 will

continue to react with residual Ca(OH)2 inside the cement

paste to form CaCO3 again (Equation 8).

CaCO3(s) +H2CO3(aq) → Ca(HCO3)2(s) + Ca2+(aq) + 2HCO−
3(aq)
(7)

Ca2+(aq) + 2HCO−
3(aq) + Ca(OH)2(s) → 2CaCO3(s) + 2H2O(l)

(8)
Based on the above corrosion process, the dynamic cycle

of CaCO3 precipitation generation dissolution is established

(Figure 3). With the consumption of Ca(OH)2 and the
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dissolution of CaCO3, the strength of the cement paste

gradually declines, and the porosity and permeability of the

cement paste matrix continue to increase until there is only

amorphous/porous SiO2 left in the cement paste, resulting in

the loss of the structural integrity of the cement paste, and

ultimately leading to the failure of the interlayer sealing under

the actual cementing conditions (Huet et al., 2011; Omosebi

et al., 2017a).

Given the influence of temperature, pressure, and other

factors on cement paste during corrosion. Therefore, the total

reaction equilibrium equation of cement paste chemical

degradation is established:

CaCO3(s) +H+(aq) +HCO−
3(aq) → Ca2+(aq) + 2HCO−

3(aq) (9)

In this dynamic change process, a higher pressure value

can improve the solubility of CO2 gas in an aqueous solution,

which is conducive to the continuous progress of the total

reaction equilibrium equation, thus improving the corrosion

rate of cement paste. The influence of temperature on the

corrosion process of cement paste is mainly reflected in the

following two aspects: first, the change of temperature affects

the hydration degree and chemical shrinkage of cement

paste, the structural transformation of calcium silicate

hydrate, the thermal expansion of cement matrix, the

dissolution of Ca(OH)2 and the decalcification of C-S-H.

Second, the temperature rise will change the phase state of

CO2 and its solubility in the solution. Depending on the

temperature and pressure, CO2 can exist in the form of

supercritical, gaseous, liquid, or solid, and the corrosion

form and degree of cement paste under different

conditions are different.

3.2.2 High-temperature corrosionmechanismof
cement paste mixed with silica fume

Different from the corrosion mechanism of cementing

cement paste under medium and low-temperature corrosion

environments, under ultra-high temperature corrosion

conditions, since the addition of silicon powder in the

formula can react with Ca(OH)2 inside the cement paste to

generate silicate products (Equation 10), which weakens and

eliminates the source of ion exchange for corrosion to a certain

extent, and increases the content of cementitious components in

the cement paste. In addition, silica fume will not transform with

cement paste under high temperatures α-C2SH reaction

generates strength crystals (Equations 11, 12, which leads to

the better corrosion resistance of cement paste at higher

temperatures.

Ca(OH)2(s) + SiO2(s) → CaSiO3(s) +H2O(l) (10)
SiO2(s) + α − C2SH(s) → C5S6H5.5(s−1.1nm tobermorite) (11)

SiO2(s)
+C5S6H5.5(s) �����������������������������������������→High than 150℃

C6S6H(s−xonotlite)+C3S2(s−kilchoanite)
(12)

Under ultra-high temperature conditions, some hydrated

portland in the cement paste reacts with acidic corrosive

media to generate CaCO3 and amorphous SiO2, which

weakens the gel structure inside the cement paste, and the

other part of the hydrated portland changes into a more

stable high-temperature conversion phase (HC) due to

temperature rise. With the continuous infiltration of an acidic

corrosive medium, Ca(OH)2 in the cement paste matrix has been

consumed by siliceous additives. Therefore, after a period of

corrosion, there are both a corrosive crystalline phase and a

hydrated silicate high-temperature conversion phase in the

corrosion area. The process can be expressed by the following

equation:

C − S −H(s) +H2CO3(aq) → CaCO3(aragonite) +HC(s) (13)

* HC(s) often contains wollastonite (Ca7(Si6O18) (CO3)·
2H2O), fluorcarletonite (Ca4Si2O6(OH)2CO3), spurrite

(Ca5(SiO4)2CO3) and tilleyite (Ca5(Si2O7) (CO3)2), etc (Zhang

et al., 2013).

In combination with the corrosion process of cement paste

without adding silica fume, the overall description of the

corrosion process of cement paste under an ultra-high

temperature environment is as follows: in the early stage of

corrosion curing, due to the slow process of Ca(OH)2
consumption of silica admixture, the outer layer of cement

paste contains a small amount of Ca(OH)2. When the cement

paste contact with a large amount of water-wet CO2 solution,

CO2 first reacts with the hydration product Ca(OH)2 of the

surface layer of cement paste, The dense carbonization layer

generated effectively improves the permeability of the cement

FIGURE 3
Interaction in the corrosion process of cementing cement
paste.
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paste and slows down the infiltration rate of the acidic medium.

However, with the continuous infiltration of the acidic medium,

Ca(OH)2 in the cement paste matrix has been completely

consumed by siliceous additives, and the formation rate of

ultra-high temperature hydration products has been greatly

increased, and the density of the matrix has been further

improved. At this time, there are only C-S-H and its high-

temperature conversion phase HC in the cement paste, and

the corrosion rate of C-S-H and HC is lower than that of

Ca(OH)2 due to the corrosion difficulty of the corrosion

medium on C-S-H and HC. With the continuous corrosion

curing process, the leaching effect of the corrosion medium

makes the surface layer of the cement paste loose and porous,

and will continue to penetrate the cement paste matrix, react with

C-S-H and HC, and completely consume them, generating

CaCO3 crystals with large molar volume and amorphous SiO2

with poor cementation performance, causing serious damage to

the cementation performance and compressive strength of the

cement paste.

4 Research status of corrosion curing
experimental methods

Different corrosion conditions correspond to different rules

of cement paste corrosion. In addition to research on anti-

corrosion materials, it is also necessary to set corrosion

simulation conditions. Due to the complexity and variety of

the actual corrosion status of cement paste in the well, to directly

reflect the actual corrosion status of cement paste, the main

parameters such as temperature, pressure, curing age, etc. in the

well are simulated indoors.

Moroni et al. (2009) carried out indoor cement paste

corrosion simulation experiments in the high-concentration

CO2 environment in Kashagan Oilfield, Kazakhstan, under the

experimental conditions of 93°C, 14 MPa, and 3 MPa CO2 partial

pressure. It is found that the paste cement paste will form a large

amount of CaCO3 when exposed to CO2, which will produce

huge expansion stress in the cement sheath and crack it during

expansion. To better simulate the corrosion process of cement

paste under static conditions, Brandl et al. (2011) carried out the

corrosion simulation experiment of cement paste under the

experimental conditions of 149°C and 21 MPa in an improved

high-temperature high-pressure curing kettle designed based on

the bottom air inlet. Although the device can be used for dynamic

pressure compensation, the corrosion temperature is limited and

further temperature rise tests cannot be carried out. To better test

the performance of corrosion samples, Fakhreldin et al. (2010)

prepared cement stone samples according to standard core

specifications. The experimental conditions were set at 90°C

and 28 MPa. The CO2/water ratio in the corrosion curing

kettle was 10% and 90% of the kettle volume respectively. Liu

et al. (2011a) solidified the cement slurry for 48 h and then

transferred it to a specific corrosion curing kettle for corrosion

simulation. The experimental conditions were set at 145°C and

10 MPa. The low partial pressure gas was supplemented first,

then the high partial pressure gas was supplemented, and finally,

the total pressure was supplemented with CH4 to increase the

pressure to the specified value. Zeng and Zhou, 2016 based on the

actual working conditions of Puguang Gas Field, carried out the

simulation experiment of cement paste corrosion in the presence

of H2S/CO2 two-component gas. The experimental conditions

were 95°C–150°C and the total corrosion pressure was 15 MPa. In

terms of multi-component acid gas injection, H2S and CO2 gas

are premixed before partial pressure supplement instead of being

injected separately by multiple pipelines.

To sum up, in the current research on the corrosion of

cementing cement paste, the autoclave pressure under the

simulated environment is above 14 MPa. Because of the

international industry standard that the total pressure of

cement paste needs to be maintained at 21 MPa for routine

maintenance, to meet this condition to ensure that no large

pressure loss will occur during the experiment, the autoclave

pressure in the corrosion experiment should also be consistent

with it.

5 Anti-Corrosion oil well cement
additive

5.1 Corrosion-resistant powder

The compatibility of rubber and acid-resistant microparticles

with cement paste is poor. The anti-corrosion powder has a

perfect blending effect with cement paste and can effectively fill

the micropores in the cement paste. This kind of anti-corrosion

powder usually has a stable solid phase that is difficult to react

with an acid medium or will not affect the basic performance of

cement paste after reacting with the acid medium.

Srivastava et al. (2020) explored the effect of hydroxyapatite

(HA) on the corrosion resistance of H-grade oil well cement

paste under high temperature and high pressure and found that

5% HA can effectively inhibit the carbonation process of cement

paste, but also reduce the compressive strength of cement paste

(an average of 17%), and will cause cracks in the cement paste

when it is above 220°C, causing the cement paste to expand. Mei

et al. (2019) studied the effect of alkaline zinc carbonate (BZC) on

oil well cement paste under the environment of high temperature

and high-pressure H2S and found that the compressive strength

of cement paste added with 1.5% BZC can still maintain more

than 20 MPa after 28 days of corrosion. In the mechanism

analysis, the presence of BZC makes H2S react with Zn first,

reducing the dissolution of the Ca phase, and generating an

insoluble ZnS phase effectively improving the internal volume

density of cement paste, thus improving the corrosion resistance

of cement paste. Mahmoud and Elkatatny, 2020 added olive
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residue to the Saudi G grade oil well cement formula and

explored the properties of cement paste under 130°C and

10 MPa CO2. It is found that the carbonation depth of

cement paste with 0.1% olive residue added 20 days after

carbonation is 1469 µ m down to 1269 µ m. The permeability

of cement paste is 33.9% lower than that of cement paste. This is

because olive residue reduces the permeability of oil well cement

paste and weakens the leaching of Ca2+, thus improving the

corrosion resistance of cement paste in CO2-saturated brine. Xu

et al. (2022) used natural zeolite as microporous filling material

and stearic acid as surfactant to prepare a hydrophobic,

corrosion-resistant super hydrophobic cement slurry. When

the dosage of natural zeolite is 15%, the water absorption of

super hydrophobic cement slurry is only 0.61%, and the wetting

angle of water is greater than 150°. The addition of natural zeolite

effectively improves the microstructure of cement paste,

improves its anti-corrosion performance, and increases the

compressive strength by 14%. Lei et al. (2022) explored the

influence of hydrophobically modified waste clam shell

powder (ACP) on the corrosion performance of cement paste,

and found that the strong hydrophobicity of ACP (wetting angle

greater than 150°) reduced the attraction of cement paste pores to

water, and formed a hydrophobic film on the surface of cement

paste to block corrosive ions. Compared with the conventional

cement paste, the corrosion current density and corrosion

tendency of the cement paste decreased significantly. Hussien

et al. (2022) explored the influence of nano waste glass (NWG)

on the corrosion performance of cement paste. They found that

when 3% NWG was used to replace cement, the compressive

strength of cement paste was increased by 32.4%, and the

bending strength was increased by 13%. In addition, NWG

effectively reduced the anodic and cathodic overpotentials,

reduced the corrosion current density, and thus improved the

corrosion resistance of cement paste.

The corrosion-resistant powder has good compatibility

with the cement slurry, which is conducive to slurry

preparation and pumping. However, since the corrosion-

resistant powder does not have gelling properties, it will

affect the mechanical properties of the cement stone when

the dosage is increased, so it is reasonable to use it as an

auxiliary anti-corrosion additive.

5.2 Alkali-activated mineral

Alkali-activated cement is also called geopolymer cement,

which is rich in silica, alumina, and calcium. At present, the

commonly used alkali-activated minerals include fly ash, slag,

and metakaolin. The commonly used alkali active agents

include sodium silicate, potassium silicate, and sodium

hydroxide. Alkali-activated minerals have a three-

dimensional network structure in which [SiO4] and [AlO4]

tetrahedrons are randomly distributed. The basic structural

unit of this network is a silicon aluminum oxide chain (Si-O-

Al-O-Si-O-Si-O-), etc (Figure 4). It is precise because alkali-

activated minerals have a chain structure similar to organic

polymerization, and can form chemical bonds with [SiO4] and

[AlO4] tetrahedrons on the surface of mineral particles

through dehydrogenation, which has the common

characteristics of inorganic and organic compounds (Kong

et al., 2009; Zheng et al., 2019; Du et al., 2018). Alkali-activated

minerals will also form recrystallized phase after being

activated by the activator and then fill into the hydration

pores, thus reducing the overall permeability of cement stone

(Wang and Noguchi, 2020).

Bechar and zerrouki et al. (2018) explored the influence of

natural pozzolanic ash (NP) on the corrosion resistance of oil

well cement paste. Replacing cement with NP has a beneficial

effect on durability. They found that the addition of NP can

form calcium silicate hydrate (C-S-H) and calcium aluminate

hydrate (C-A-H) by consuming free Ca(OH)2, which is

helpful to improve the compactness of cement paste. When

the addition of NP is 20%, the porosity of cement paste

decreases by 4%, and the penetration of chloride is reduced

by more than 50%. Lau et al. (2019) pointed out that the

addition of slag reduces the CaO content in oil well cement,

and reacts with silicate components to form C-S-H gel, thus

reducing the permeability of cement stone and improving its

CO2 corrosion resistance. Meanwhile, Suppiah et al. (2020)

experiments found that slag can effectively reduce the elastic

modulus of cement stone and improve its deformation

resistance. Zhao et al. (2022) studied the corrosion of

alkali-activated slag cement paste in different acidic media

and found that the slag cement paste in acetic acid was more

deteriorated than that in sulfuric acid. They believed that this

was mainly caused by the products and structure of the

corrosion layer, because the cement paste would form a

high porosity corrosion layer in acetic acid, while in

sulfuric acid, because of the presence of CaO in the cement

paste matrix, it could form crystals with the pore filling effect.

Ridha et al. (2020) analyzed the changes in the corrosion

process of alkali-activated fly ash cement and found that the

main framework of geopolymer cement is Si-O-Al-O-Si, and

the formation of carbonation products will not affect the

strength of cement paste. Pandey and Kumar, 2020 used

rice straw ash (RSA) and micro silica (MS) as cement anti-

corrosion additives, and found that the strength loss rate and

quality loss rate of cement paste mixed with 10% RSA and 5%

MS (R2M3) were 3.69% and 2.19% respectively after 28 and

58 days of corrosion, showing good corrosion resistance.

Dacuan et al. (2021) explored the influence of bamboo leaf

ash (BLASH) on the corrosion performance of cement paste,

and found that the initial compressive strength of cement

paste decreased when 10% BLASH was added, but it showed

good corrosion resistance. The mass loss in acid medium was

only 0.5%, and the reduction rate of compressive strength was
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only 0.03%. In addition, alkali-activated cementitious

materials such as metakaolin, steel slag, and silica fume

also have good application effects in improving the matrix

strength of cement paste, improving the internal pore

distribution of cement paste, and reducing the permeability

(Bu et al., 2016; Liu et al., 2021).

Alkali-activated minerals have good compatibility with oil

well cement and can form secondary gelling after cement stone is

consolidated, to fill the cement stone micropores. However, the

amount and type of activator will affect the generation time of the

secondary cementitious structure, which usually needs to be

adjusted in combination with the cement slurry construction

formula. In addition, minerals such as fly ash will reduce the

density of cement slurry, so it also needs to be considered

appropriate.

5.3 Aqueous polymer

Water-soluble polymers are widely used inmedicine, biology,

the chemical industry, and other fields. The curing process of

polymers, such as water-soluble polymers of acrylamide, mainly

uses macromolecular straight-chain monomers in combination

with crosslinking agents and initiators to solidify them into a

honeycomb or network-like gelling structure system (Figure 5).

These gelling structures can effectively cover the easily corroded

hydration product matrix, thus preventing the invasion of

corrosive media (Sun et al., 2012). In addition, the cured

polymer will also fill the pores of the cement stone to reduce

its permeability and further improve the corrosion resistance of

the cement stone (Liu et al., 2011b). At the same time, the

polymer can also be combined with certain additives

FIGURE 4
Schematic diagram of bonding reaction in the alkali activation process of fly ash (Roviello et al., 2015).

FIGURE 5
Diagrams of linear, branched, crosslinked, and networked polymer structures.
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(thixotropic agent, constant rheology agent, etc.) to significantly

improve the toughness of cement paste and improve the

cementing performance between the cementing cement sheath

and the first and second interface layers (Guo et al., 2020; Bu

et al., 2022).

Chen et al. (2011) used self-developed water-soluble linear

crosslinked polymer (FH) as an anti-corrosion additive and used

FH to undergo a polycondensation reaction with acid to form a

network membrane structure, thus preventing the corrosion of

acid and alkali substances. Zhi et al. (2022) explored the influence

of polyacrylamide on the carbonation behavior of cement paste,

and found that polyacrylamide promoted the formation of calcite

with small crystal size and CaCO3 with poor crystallinity, and

transformed coarse pores into gel pores, thereby reducing

porosity, improving the compactness of cement paste matrix,

and thus improving the corrosion resistance of cement paste.

Yuan et al. (2018) used the film-forming and filling effects of

nano silica latex (NL) to reduce the original permeability of

cement paste and weakened the penetration and expansion

effects in the corrosion process. In addition, NL can also

consume Ca(OH)2 in the cement matrix to reduce the Ca/Si

ratio of cement paste. It was found that the compressive strength

of cement paste with 4% NL was slightly improved, and the

original permeability, specific surface area, and average pore

diameter were significantly reduced by 3.35 times, 23.14% and

35.38%, respectively. Li et al.(2021)a added nano silica

suspension into acrylic acid lotion to prepare nano modified

polymer anti-corrosion material (PMC), and measured the

impact of this material on the corrosion performance of

cement paste. It was found that PMC can effectively fill the

internal micropores of cement paste, reduce the porosity. When

the addition of nano SiO2 was 0.5%, the chloride ion corrosion

resistance rate of cement paste was reduced by 7.1 times. Zhang

et al. (2020) prepared a soap-free lotion (PSAC) with a core-shell

structure using sodium phenylene sulfonate (SSS) and nano-SiO2

(SSS/SiO2) as raw materials. The results under CO2 corrosion

showed that the pore volume (>50 nm) of cement decreased by

0.24 times, and a C-S-H gel structure with a low Ca/Si ratio and

high polymerization degree was formed in the cement stone

matrix. Zhang et al. (2021) used self-synthesized new material

Environmental Responsive Microspheres (ERPM) as the anti-

corrosion additive for oil well cement. ERPM has good

environmental response characteristics and temperature

resistance and can be converted into membrane form in an

acidic environment. Based on the acid response characteristics,

the polymer film formed by ERPM effectively shields the direct

contact between the corrosion medium and the hydration

products, maintains the structural integrity of the hydration

products, and improves the corrosion resistance of the cement

paste.

Polymer anti-corrosion admixture has excellent film-

forming and coating functions, and can effectively isolate the

infiltration of the acid medium. It is also one of the main research

directions of anti-corrosion admixture at present. However,

polymer anti-corrosion admixture generally has poor

temperature resistance and stability, so it needs to focus on

temperature resistance modification and improve

compatibility with cement slurry.

5.4 Aqueous resin

Epoxy resin has the advantages of high adhesive strength,

good stability, low curing shrinkage, and excellent chemical

resistance. In recent years, there have been cases of applying

resin to the petroleum field (Li et al., 2021b). By blending epoxy

resin into hydrophilic resin lotion, the mixing effect with cement

slurry can be effectively improved (Figure 6). Compared with

traditional polymer lotion, cured resin lotion has better

mechanical properties, flexibility, and corrosion resistance, and

has the potential to significantly improve the performance of

cement slurry.

Peng et al. (2022) used 2-Acrylamido-2- Methyl Propane

Sulfonic Acid (AMPS) to modify epoxy resin (E-54) to obtain

waterborne epoxy resin (WER). It was found in the experiment

that the resin particles after WER curing were filled in the

micropores of cement stone. The three-dimensional network

structure formed after curing can separate the hydration products

from the acidic medium, and improve the corrosion resistance of

cement stone while reducing the permeability. Yang. (2021) grafted

epoxy resin E-44 with AMPS as the modifying monomer, and the

compressive strength reduction rate of the modified cement paste

after corrosion was significantly reduced. Fu et al. (2021) prepared

non-ionic water-based resin cement stone. The compressive

strength is 2.5 times higher than that of pure cement stone, and

the elastic modulus is reduced by 53.4%. After demulsification, the

resin is uniformly distributed in the cement stone in the form of

liquid film and partially cured gel. Qu et al. (2021) prepared super

hydrophobic anion exchange resin cement slurry (S-AERC) by

adding anion exchange resin and stearic acid surfactant. The

resistance of different cement paste samples to chloride corrosion

was measured by electrochemical and chloride ion distribution tests.

It was found that S-AERC mortar had good corrosion resistance,

and the corrosion resistance rate was 98.60%. Chi et al. (2020) used

furfuryl glycidyl ether (FGE) and maleic anhydride modified

polyethylene (D230-M) as reaction solvents to prepare a new

environment-friendly in-situ crosslinked epoxy preservative

through Diels Alder reaction. Due to its low viscosity, the epoxy

preservative can effectively penetrate into the internal micro

channels of the cement paste. The experiment also found that

the epoxy preservative has low volatility, which can effectively

improve the mechanical properties and corrosion resistance of

the cement paste. Huo et al. (2022) prepared a waterborne resin

anti-corrosion admixture (WEP) based on sodium styrene sulfonate

and epoxy resin E-54. The experiment found that WEP had good

thermal stability and self-emulsifying performance. After 90 days of
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corrosion curing at 180°C and 10MPa partial pressure of CO2, its

compressive strength decline rate was only 14.7% and CaCO3

content was only 0.25%. This is because WEP can form a

coating film in the cement paste matrix, which can improve the

corrosion resistance of cement paste by blocking the contact between

hydrated cement and an acidic medium. In addition, the use of

alkali-activated materials based on water-based resin is also a means

to improve the corrosion resistance of cement paste (Du et al., 2016).

The development of resin-based anti-corrosion cement is still at

the initial stage, but the application effect of resin-based anti-

corrosion cement is very significant, especially under medium

and low-temperature conditions. At the same time, the biggest

difficulty of resin-based cement is similar to that of polymer

cement, and the performance decline is obvious under high

temperatures. The stability of water-based resin lotion and the

blending effect of cement slurry will be the next development focus.

6 Conclusion

For a long time, the corrosion prevention of cement paste has

been an important problem in the field of oil cementing. By

summarizing the influencing factors, corrosion mechanism,

corrosion test methods and research status of anti-corrosion oil

well cement additives, Although the anti-corrosion powder and

alkali-activated mineral belong to admixtures with good

compatibility, the dosage of anti-corrosion powder should be

reasonably controlled, and the type of alkali-activated mineral

should be selected according to the actual working conditions of

oil well cement (high density, low density, consolidation time, etc.).

The water-based polymer anti-corrosion additive reduces the

permeability of cement paste by film formation, but it also

weakens the cross-linking degree between hydration products.

Therefore, how to improve the corrosion resistance of cement

paste while ensuring that the basic performance of cement paste

is not affected. Resin-based anti-corrosion admixture has excellent

anti-corrosion performance and can significantly improve the

toughness and mechanical properties of cement stone. The next

development difficulty will be to improve the high-temperature

resistance of resin-based cement stone(Xinhua, 2021).
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