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Abstract: Cathodic protection for the rehabilitation of reinforced concrete structures prohibits rebar corrosion, such as Impressed 

Current Cathodic Protection (ICCP) systems and Sacrificial Anode Cathodic Protection (SACP) systems. In the case of the SACP 

system, it is difficult to protect against rebar corrosion with cathodic protection because of the high resistivity of the concrete, and the 

concrete overlays should be sufficiently conductive to pass the cathodic protection current from the anode to the rebar because the 

throwing power of the cathodic protection provided by the sacrificial anode is limited by the high resistivity of the concrete. Therefore, 

it is necessary to study the properties of conductive mortar for the effective cathodic protection of reinforced concrete. In an evaluation 

of mortar containing a conductive material as an electrolyte for a concrete overlay to improve the cathodic protection performance, an 

admixture suitable for concrete showed the lowest resistivity value, and it can be used as an admixture for conductive mortar. 
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1. Introduction
Reinforced concrete has become the most common material 

for structures over the last few years with the use of composite 

materials, and is one of the most popular materials for building 

construction. In recent years, convergence and hybrid technolo-

gies in various fields have been introduced, and various attempts 

have been made to develop concrete materials with the develop-

ment of science and technology. 

However, despite the development of materials and mixed de-

sign technology to suppress cracks in reinforced concrete, the 

technology to date cannot prevent cracks from occurring in rein-

forced concrete. It is inevitable that in areas where there is a cor-

rosive environment, cracks are initiated and propagated in a re-

inforced concrete structure. Therefore, even if a crack occurs, re-

search is needed to develop a method that suppresses the rebar 

corrosion caused by deterioration factors in the cracked area [1]. 

Over the past years, there has been an increase in the applica-

tion of cathodic protection for the rehabilitation of reinforced 

concrete structures to prohibit rebar corrosion, such as Impressed 

Current Cathodic Protection (ICCP) systems and Sacrificial An-

ode Cathodic Protection (SACP) systems. It is difficult to protect 

against rebar corrosion with cathodic protection because of the 

high resistivity of the concrete, especially using the SACP sys-

tem, and a concrete overlay should be sufficiently conductive to 

pass the cathodic protection current from the anode to the rebar 

[2]. 

In this study, a method for improving the cathodic protection 

of reinforced concrete was confirmed by applying mortars con-

taining various conductive materials as electrolytes as a method 

of suppressing the corrosion of reinforced concrete with the 

SACP system. 

2. Cathodic protection systems for the reinforced

concrete 
It has strong alkalinity due to the calcium hydroxide generated 

by the hydration of cement, and forms a protective film called a 

passive layer on the surface of the reinforcement; thus, the rein-

forcement in the concrete is not significantly corroded. 

As a result, concrete has been recognized as an almost semi-

permanent material, but the deterioration of reinforced concrete 

structures is increasing as a result of salt damage, carbonation, 

etc. In particular, in the case of port structures or bridge structures 

adjacent to the coast, rebar corrosion due to salt damage is seri-

ous.  
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The dissolved chloride ions inside the concrete play a major 

role in the corrosion damage of concrete, and increase the active 

corrosion rate of the rebar by damaging the passive film of the 

rebar [3]. 

Much effort has been made to improve the durability of rein-

forced concrete in a salty environment, and typical methods in-

clude high-density concrete, increased concrete cover, concrete 

surface coating, reinforced epoxy coating, and cathodic protec-

tion. These can extend the durability and life of a product. 

Among them, the cathodic protection system was introduced 

as a corrosion protection method for underground and seawater 

metals, and is currently widely used as a corrosion protection 

method for underground buried pipes, ships, and port steel struc-

tures. 

In the 1970s, it began to be applied to reinforced concrete 

structures; in the 1990s, many practical applications were made 

internationally, and the effectiveness of rebar corrosion preven-

tion has been widely proven. It has been gradually applied to port 

structures in Korea, and the scope of its application is now ex-

panding to bridge structures [4]. 

The cathodic protection method is not a defensive method that 

blocks corrosion factors from the environment or delays corro-

sion for a certain period of time, but an aggressive method that 

actively copes by supplying cathodic protection current (elec-

trons) to the reinforcing bar. 

The cathodic protection methods are divided into two types 

according to the method used to supply the protection current. 

The Impressed Current Cathodic Protection (ICCP) forcibly sup-

plies protection current from an external DC power supply unit. 

The Sacrificial Anode Cathodic Protection (SACP) method con-

nects the reinforcement to a sacrificial anode made of a metal that 

is more corrosive than the protected metal (reinforced), which 

protects the reinforcement as a result of the potential difference 

between the two metals. Because the ICCP system can control 

the supply current, even if the resistivity of concrete is high, it is 

not a significant problem. However, in the SACP system, suffi-

cient protection current cannot be supplied from the anode to the 

cathode because of the lack of throwing power of the SACP sys-

tem, resulting in lower protection efficiency, and the reach of the 

protection current is extremely limited [5]. 

Therefore, it is necessary to solve the underprotection problem 

of the SACP system when applied to reinforced concrete and to 

study the characteristics of conductive mortar for effective 

cathodic protection. To improve the supply of protection current 

between the anode and cathode (reinforcing bar), the efficiency 

of the cathodic protection is improved by lowering the resistivity 

of concrete using a conductive mortar. 

In the case of the SACP system, the range of use is extremely 

limited in environments with high resistivity, such as reinforced 

concrete. To compensate for these shortcomings, a conductive 

mortar can be applied to the splash zone or atmospheric zone by 

expanding its use from the area of the tidal zone or submerged 

zone. By applying it to the SACP system, cathodic protection of 

the entire structure is possible by expanding the corrosion pro-

tection range to a region with high resistivity, that is, the under-

protection area. 

3. Conductive admixture for cement mortar
Conductive mortar is made by adding mixed materials and ad-

mixtures to impart conductivity to the general cement mortar. 

The purpose of the mixed material is to make a conductive mortar 

using a material that can contain moisture in order to lower the 

specific resistance of the mortar [6]. 

   (a) Activated alumina        (b) Zeolite 

   (c) Pearlite       (d) Activated carbon 

       (e) Bentonite                    (f) Geopolymer 

Figure 1: Conductive admixtures for cement mortar 

The types of materials used to make a conductive mortar con-

taining moisture and reduce the resistivity are shown in Figure 

1. These include zeolite, activated carbon, activated alumina,

bentonite, perlite, and geopolymer. Among these, activated 
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carbon, zeolite, silica gel, and activated alumina are commer-

cially used as general moisture adsorbents, and activated carbon 

is used as a multipurpose adsorbent. Silica gel and activated alu-

mina can be used in various forms for special purification; how-

ever, they are mainly used as drying agents. In addition, zeolite 

is mostly used as an ion exchange or catalyst owing to its unique 

surface chemistry and structural characteristics of crystal pores. 

Table 1: The mixing design 

Admixture 
Mixing ratio (g) 

cement sand admixture total 
weight water 

General 
mortar 250 500 750 112.5 

Activated 
carbon 250 350 49 649 131 

Zeolite 250 350 109 709 130 
Perlite 250 350 9 609 114.3 

Bentonite 250 350 85 685 163 
Geopoly-

mer 250 350 109 709 125 

John P. Broomfield insisted that it is the transfer of charge by 

the diffusion of ions, not the transfer of electrons that imparts 

conductivity, and argued that carbon or metallic materials are not 

suitable as conductive materials used as fillers [7]. 

Christopher L Page approached it in terms of pH, and insisted 

that conductivity is also important in the SACP method, but that 

a passivation film is not formed on the anode surface while the 

cathodic protection current flows. In addition, he suggested that 

among the anodes used as sacrificial anodes in concrete, zinc is 

limited to corrosion at pH 13.3 or higher, and is most suitable at 

pH 14 or higher. To adjust the pH of the mortar to a value greater 

than 14, a catalyst such as sodium hydroxide, calcium hydroxide, 

or lithium hydroxide must be mixed with water [8]. 

All of the previous studies have focused on earth resistance-

reducing materials, electromagnetic shielding concrete, antistatic 

concrete, intelligent concrete, and heating concrete related to 

conductive concrete or mortar, with no studies on conductive 

mortar for sacrificial anodes. 

4. Experimental method
Portland cement and standard sand are usually used to make 

conductive mortar. For the materials to be mixed to impart con-

ductivity, the relative specific gravity must be measured com-

pared to standard sand because the amount of mixed materials 

needed to obtain the optimum mixing ratio should be calculated 

considering the difference in the conductivity of each material. 

Figure 2: Flow test of cement mortar 

The mixing ratio of cement and sand is usually 1:2, and the 

amount of admixture is 30% based on the amount of sand. The 

mixing design is presented in Table 1. At this time, the amount 

of mixing water to be used could be determined according to the 

characteristics of the mixed material through a flow test, as 

shown in Figure 2. 

Figure 3: Resistivity measurement of mortar specimens 

To measure the resistivity of the mortar specimen, the 4-pin 

method proposed by Wenner was applied, which is the most com-

mon method for measuring the resistivity of concrete. The dis-

tance between each of the four electrodes was fixed at 1 cm, and 

they were arranged in one row. After the mortar specimens were 

prepared and cured for a certain period, the concrete resistivity 
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was measured over time using a resistivity meter (Nilsson model 

400 soil resistivity meter), as shown in Figure 3. The resistivity 

of the mortar specimens was measured for 90 days at a constant 

temperature of 23 °C. 

5. Experimental results
The resistivity measurement results for the mortar specimens 

are shown in the Figure 4. 

First, in the case of activated alumina, it was excluded from 

the resistivity measurement because of the obvious change in ap-

pearance. It was judged that it was not suitable as a mixed mate-

rial because cracks were generated on the surface of the mortar 

as part of this change in appearance. 

The measured resistivity values for all the mortar specimens 

showed a tendency to gradually increase over time. 

The resistivity of the mortar mixed with activated carbon was 

lower than that of the general mortar. It increased rapidly after 56 

days. It was judged that the evaporation of moisture inside the 

activated carbon with large pores was accelerated because the dry 

state continued with no water supplied as time passed. 

Activated carbon was considered to be the most suitable ma-

terial for a conductive mortar because it had a remarkably low 

resistivity value compared to the other conductive mortar mate-

rials, and the resistivity value did not increase rapidly over time 

but remained at a constant value. In addition, the activated carbon 

did not significantly change its shape after mortar curing. It is 

believed that it can be commercialized through various additional 

experiments in the future, which, for example, should make it 

possible to find the most stable value as a result of mixed material 

tests. 

Zeolite is known as the most suitable material among the var-

ious conductive mortar materials, but it was judged to be unsuit-

able as an electrolyte for cathodic protection systems because it 

had a higher resistivity value than the general mortar. To use ze-

olite as an electrolyte material for a conductive mortar, it would 

be necessary to reduce its resistivity using other methods such as 

manufacturing zeolite particles of various sizes. 

Pearlite exhibited characteristics similar to those of activated 

carbon and maintained a good resistivity value, but it is expected 

that the strength of the mortar will be poor because the strength 

of pearlite itself is weak, and it was judged to be unsuitable for 

esthetic use as an admixture because of the occurrence of cracks 

on the surface. 
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Figure 4: Variations in resistivity of mortar specimens mixed 

with various kinds of admixtures 

Bentonite maintained a good initial resistivity value, but it is 

not suitable for use as a conductive mortar because its resistivity 

value increased rapidly after 56 days. However, it is considered 

to be highly useful in environments where dry and humid condi-

tions are repeated, such as tidal zones in marine environments. 

 The geopolymer was not suitable as a conductive mortar ma-

terial because it exhibited a high resistivity value due to the char-

acteristics of the mortar. However, it was considered a good mix-

ture material for improving the durability. 

6. Conclusion
As a result of evaluating mortars containing conductive mate-

rials as electrolytes for concrete overlays to improve the cathodic 

protection performance, the following conclusions were ob-

tained. 

1. Activated alumina was excluded from the materials for the

conductive mortar because of the obvious changes in ap-

pearance. It was not suitable as an admixture because

cracks were generated on the surface of the mortar as part

of this change in appearance.

2. Pearlite exhibited characteristics similar to those of acti-

vated carbon and maintained a good resistivity value, but it

is expected that the strength of the mortar will be poor be-

cause the strength of pearlite itself is weak.

3. Among the admixtures used in the experiment, the mortar

specimen mixed with activated carbon showed the lowest

resistivity value, and it is believed that it could be used as

an admixture for conductive mortar.

4. It was judged that it will be possible to solve the problem
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of using the SACP system for reinforced concrete structures 

by applying a conductive mortar. 
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