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Abstract 

The corrosion monitoring techniques are basically used to monitor or detect the effects of the 

occurred corrosion. These categories of monitoring techniques basically classified into seven 

techniques CEION, Electrical Resistance Monitoring, Electrochemical Methods, Hydrogen 

Monitoring, Weight Loss Coupons, Non-Destructive Testing (NDT) Techniques, Analytical 

Techniques. The corrosion monitoring techniques are essintial for gathering the corrosion data 

which facilitate and improved the processes of controlling the damages resulting from the 

corrosion faliure. There are many and different techniques used for monitoring the corrosion 

bahavior some of them are destructive and some are non- destructive. The corrosion processes in 

industry are classified into internal and external corrosion, in case of internal corrosion the 

corrosion inhibitors are used to control the corrosion process in many industries. The internal 
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methods and these two methods are considered as the back bone of corrosion monitoring for 

internal corrosion. It is well known that electrochemical methods constitute open circuit potential, 

potentiodynamic polarization, potentiostatic polarization, cyclic polarization, cyclic volatametry 

and electrochemical impedance spectroscopy.these techniques provide the corrosion rate and 

corrosion behavior but it can not introduce the possibility of corrosion and corroion control 

mechanism, so it needs more techniques to help knowing the mechanism of corrosion inhibitors 

as scanning electron microscopeand electron diffraction X-ray (EDS). In the field or which is 

called practical corrosion monitoring, there are many or different programs or techniques could be 

used for corrosion monitoring depending on the situation, condition and the selected materials. 

The most used and preferred techniques are weight loss and CEION or ER monitoring because of 

these methods provides more useful and approximately actual information on the corrosion 

behavior and easily monitored day by day without any problems which faced the other techniques. 
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1. Introduction 

1.1. What is meant by corrosion monitoring? 

The definition of corrosion monitoring is attributed with the tools which assigned to the 

measurement or observation of corrosion phenomenon. The tools of corrosion monitoring have 

been ranging and classified depending on the nature, conditions and the type of corrosion. Finally, 
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it could be concluded that the corrosion monitoring is the method of measuring or observation the 

corrosion progress in certain time. The corrosion monitoring techniques are covering the different 

materials depending on the instrumentation which supported by the different standards and achieve 

the calculations and data analysis. By measuring the corrosion rate the corrosion behavior could 

be understand and the corrosion control became easier and the monitoring methods could be 

improved [1-11]. The inspection is concerned with the conditions which affected on the corrosion 

process at certain time but the monitoring process is subjected to obtain more information about 

the corrosion conditions through specific time, so the change in corrosion conditions with times 

considered as the basic role of monitoring the corrosion process. The corrosion rate is used as 

function of determining corrosion damage and help the corrosion specialist to understand the safe 

and useful operation and determines the process duration time [12-19].  The continuous monitoring 

of the corrosion process could be achieved by using sensors, but it is very important to be very 

sensitive and enough to give ideal control for the corrosion process. The corrosion control showed 

clearly the answers of three famous questions the first one is where exactly the corrosion damage 

is occurred, the second question is when the damage could be existing and finally why the damage 

is exhibit. The activity of corrosion is proportional to many factors depending essentially on the 

conditions around the metallic structures [20-26]. The corrosion process is increases by increasing 

the temperature and the duration time and in the same time the salinity of water is considered the 

highest effecting factor because of the contents of chloride and/or sulfide ions. The internal 

corrosion process could be controlled by adding organic compounds to isolate the metallic 

structures from the environment and this method is monitored by direct techniques. Most of these 

techniques are used in broad sector of applications and some of them are used in narrow 

applications depends on the environment of corrosion processes and the field situations. Some of 
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them designed for using in laboratory and the other designed for field monitoring, so there is a 

specific difference in accuracy between the laboratory and field measurements. The corrosion 

monitoring techniques could be summarized in three categories as follows:  

A- Non-electrochemical techniques 

Weight loss method 

Gasometrical method 

Electrical resistance method 

B- Electrochemical and special methods 

Linear polarization method 

Potential measurements method 

Polarization measurements method 

Impedance measurements method 

C- Non-destructive testing methods 

Ultrasonic  

Eddy current method 

Radiographic method 

2. Techniques of corrosion monitoring 

2.1. Non-electrochemical techniques 

2.1.1. Weight loss method 

The monitoring technique which is depending on the weight loss coupon system is considered as 

the best technique for measuring the corrosion rate of the metallic structures by using coupon or 

metal specimen and exposing it to an corrosive media and measuring the resultant weight loss for 

a given duration time. The coupons form depending on the aim of the test and also depending on 
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the corrosive media and the selected metallic structures, so this method is not an instrumental 

method. The following figure shows the different forms of coupons and also the suitable holders 

[27].The monitoring of corrosion rates is very important in any environment is due to it is shows 

the best method for maintenance and/or repair the damaged parts and expecting the costs associated 

with failure based-corrosion. The test coupons are illustrating the actual corrosion rate with low 

cost method for measuring the internal corrosivity of the system. The corrosion rate (mpy) 

information for the used exposed coupons can introduce the life expectancy for the system's 

materials [28]. The best benefits of this technique are easy to select the coupons materials, size and 

shape depending on the system's design. The obtained corrosion results can identify the elemental 

compositions of the used materials and provide this information to the salesperson to select the 

proper type of coupons materials. As we mentioned before the weight loss process is achieved by 

using corrosion coupons, this method is very simple and considered as the actual and accurate 

method for estimating the corrosion rate by calculation of weight loss in the used coupons. The 

weight loss is calculated at certain time or at time intervals, the coupons are weight before and 

after treatment were calculated. The corrosion products on the corrosion coupons have to remove 

and then cleaned and rinsing before reweighting, then the corrosion rate is calculated by using 

proper equation. One of the benefits of calculating the corrosion rate is overcoming the failures in 

the infrastructures and plant machines which save the repair cost and prevent the damage of 

environment and so improve the safety for human. The second benefits of corrosion monitoring 

are expecting the lifetime or durability of the tested materials. The third benefits of the corrosion 

monitoring is providing the cost of corrosion damage and where the expecting damage so it provide 

the early alarm for failures [29].To calculate the corrosion rate (CR) or a metal loss (ML), the test 

coupons are weighed before testing and after experiment the coupons then cleaned from all 
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The surface preparation of working electrode coupons affected by many factors could not be 

controlled e.g. the defects which may be occurred in the microstructure of the metallic coupon. 

This defect leads to reduce the weight loss accuracy; therefore, we use more than one electrode 

may be duplicate or multi replicate coupon samples for good accuracy. Another very important 

factor is the coupon orientation, since it must be consistent to avoid the disturbance in obtained 

data [30]. The parallel orientation is preferable especially in continuous flow experiment to reflect 

the true conditions. The best way to optimize the orientation of the used coupons is using coupon 

holders with automatic alignment during the flow conditions.  The position of working electrode 

coupons is considered as critical factor because the wrong position may cause increase in the 

corrosion rate and to overcome this problem, we can use ladder-strip coupon holder as mentioned 

in the following figure. 
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      Preferred flow direction            Ladder strip coupon holder 

 

Flush disc coupon holder in high pressure access fitting 

The flush-disc coupons are preferable in this situation since the coupon orientation and positioning 
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Fixed (pipe plug) coupon holder 
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Retractable coupon holder 
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There are special purposes coupons depending on the kind of experiments and in the same time its 

aim depending on the standard methods as piping systems and stressed coupons. The strength, 

ductility, and hardness of used materials and also the evaluation of physical characteristics are 

could be illustrated by the mechanical test specimens (MTS), these data are very important to help 

the scientist or engineer to collect the important information to select the suitable materials for the 

working conditions in the field. The following figures illustrate a wide variety of sizes and 

materials for selection the requirements for test specimens to evaluate the fracture mechanics of 

the metal samples according to ASTM standard. 

2.1.2. Gasometrical method 

2.1.2.1. Hydrogen flux monitoring  

The hydrogen monitoring technique is used for detecting the provided hydrogen which is 

considered as indication for corrosion damage. This technique is highly recommended for 

monitoring the corrosion in plant, which is exposed to acidic environment, since the expected 

generation of hydrogen gas is exists. It is very good monitoring technique for wet sour gas 

hydrogen sulfide (H2S) condition or acidizing in drilling process because of under these conditions 



������	�

the evolved hydrogen gas is absorbed into the metallic structures. It is well known that the 

produced hydrogen gas cause embitterment, stress corrosion cracking and blistering. The diffusion 

of hydrogen gas could be monitored through the metallic structures by using the hydrogen 

monitoring probes. The probes are attached to the exterior of the plant or it inserted to the metallic 

structures to monitor or measure the presence of hydrogen gas. It already knows that the hydrogen 

gas or atomic hydrogen is produced as results of corrosion process as a corrosion product in acidic 

or neutral medium. This atomic hydrogen is used for monitoring the corrosion purposes so 

hydrogen monitoring sensors could be used by attaching it to the outside walls of tanks or 

pipelines. The hydrogen sulfide already exists in the petroleum industry, and presence of this gas 

promotes the hydrogen gas uptake into the steel structure. There are three essential factors which 

affected on the probes of hydrogen monitoring. 

�� Pressure 

In the controlled chamber the pressure is increases with time, as the hydrogen gas 

passes through the material into the probe chamber. 

�� Resulting current  

The applied potential cause oxidation of hydrogen and then the current is resulted. 

�� Current flow 

The current flow in an external circuit is depending on the principle of the fuel cell, 

since the hydrogen gas entering the fuel cell and causes the current flow.  

The pressure is one of the important factors so the high pressure hydrogen probe is the best method 

for measuring the corrosion behavior in high pressures up to 1500 psi, so the probe is consists of 

three assemblies the first is the gage assembly, the second is the insertion of rod sensing technique, 

and the third is the packing gland.  
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Hydrogen probe retractable with packing gland 

2.1.2.2. Hydrogen penetration monitoring system 

The technique of Hydrogen Penetration Monitoring System is considered as the best method for 

measuring the migration rate of hydrogen gas directly through the tanks or the wall of the pipelines. 

The word through means that the penetrated hydrogen gas inside the walls of tanks or pipelines, 

so by this technique we can measure the penetration current which results from moving the 

hydrogen gas through the steel vessels. The penetrated hydrogen could be measured by using the 

hydrogen patch probe by mounting it to the outside of the pipelines wall by mechanical straps. In 
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this technique there is no need for welding or taping and this one of its benefits because the probe 

can be simply moved and installed to other location in short time. The following figure shows the 

Hydrogen Penetration Monitoring System [34-38]. 

 

Hydrogen penetration monitoring system 

2.1.2.3. Electrical resistance method 

The electrical resistance monitoring techniques (ER)are considered as the most applicable and 

widely use spread techniques because of it is depending upon the determination of resistance which 

could be changed as a function of corrosion of metallic structures due to the environmental effect. 

The role of this device is attributed with the proportional relationship between the corrosion rate 

and the change of resistance in a certain time of exposure. The obtained data from this technique 

could be adapted with any corrosive media because the probes of electrical resistance are simple 
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to use, and the gained data are well interpreted and easy to prove in applications [39]. The corrosion 

processes could be monitored continuously for one or more probes so we can study the factors 

which affect and related to the corrosion processes. This technique has additional benefits because 

it can be used in monitoring the corrosion rate in different media as liquid, gas in stagnant and 

continuous flow systems, so it could be considered one of the primaries online monitoring 

techniques. The electrochemical resistance technique is suitable for the following applications: 

• Transmission systems  

• Production of oil and gas   

• Refinery 

• Streams of petrochemical process 

• Buried pipeline's external surfaces  

• Systems of feed water  

• Stacks of flue gas 

• Architectural structures 

2.2. Electrochemical methods 

It is well known that the corrosion process is considered as an electrochemical process, so it is 

noticed that there are many monitoring techniques depends on the electrochemical methods. Two 

famous electrochemical techniques are broadly used in monitoring of the corrosion behavior and 

tell us about the rate of corrosion in different corrosive media. The fist technique is Linear 

Polarization Resistance (LPR) and the second technique is the galvanic monitoring and it is also 

known as (Zero Resistance Ammetry) [40].It is well known that the corrosion rate could be 

calculated by the electrochemical methods but it cannot give them any information about the 

weight loss or metal loss. The measurements provided by the electrochemical resistance could be 
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rate of corrosion and so it is could be used to optimize the recommended dose of the injected 

corrosion inhibitors. From the properties of the linear polarization resistance we can conclude that 

this technique is highly restricted to aqueous solutions and the best results depending on the 

conductivity of the solution i.e. the good conductive media provide the best results. The accuracy 

of the results in higher resistivity solutions is achieved by using three electrode probes working, 

counter and reference. The LPR technique is still used till the present especially in aqueous 

corrosive environment. 

2.2.1.1. Some of the more common applications are: 

�� Open and closed cooling water systems 

�� Secondary recovery system 

�� Distribution systems and potable water treatment   

�� Amine sweetening 

�� Systems of wastewater treatment  

�� Mineral extraction and pickling processes 

	� Paper manufacturing 


� Production of hydrocarbon  

The LPR technique could be occurred by using two similar electrodes and in this case,  it is called 

(two electrode system), or the measurements could be made in presence of (three electrode system) 

working, reference and counter [41]. The process is depending on immersion of metal or metal 

�

�������������	��������
	������������������	���������3��� ����������������
�����������������

due to electrochemical reactions (anodic and cathodic electrochemical reaction) the metal surface 

is corroded and consumed by anodic reaction by oxidation process. The corrosion rate could be 

computed by the measurement of corrosion current results from the flow of electrons from the 
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be monitored through the appearance of a hysteresis between the forward and reverse loop of 

polarization curves and this behavior prove the presence of pitting or crevice corrosion. 

2.2.2. Potential measurements method 

The corrosion potential measurements are used in a wide application range in industry especially 

for monitoring the corrosion in reinforcing concrete steel and cathodically protected pipelines [42]. 

The open circuit potential is used with higher accuracy of anodic and cathodic protection systems, 

since the corrosion potential changes can give the indication of corrosion behavior through 

activation and/or passivation. The corrosion potential can also give the indication of the 

thermodynamic corrosion risk. 

2.2.3. Polarization measurements method 

The potentiodynamic polarization method is considered as one of the most important corrosion 

testing and extremely used in laboratory. This method produce very clear and significant 

information about the process of corrosion mechanisms and in the same time provide the 

magnitudes of the corrosion rates, which attributed with the relation between the materials and 

environmental effects [43]. We can conclude that the polarization methods results from the change 

in the working electrode potential and in the same time monitor the current values, which is 

obtained as results of time at certain potential. The potentiodynamic polarization method produces 

data from anodic, cathodic and cyclic polarization which could be illustrated as follows: 

2.2.3.1 Anodic polarization:  

The expression anodic polarization means that the working electrode shows a significant corrosion 

rate due to the change of potential takes place on the anode surface in the positive direction. 

2.2.3.2. Cathodic polarization:  
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The cathodic polarization means that the potential of the working electrode surface change in more 

negative direction because of electrons addition on the metal surface, which saved the working 

electrode from corrosion results from the corrosive environment by forming protective layer by 

electro-deposition process. 

2.2.3.3. Cyclic polarization:  

This technique is essentially used to detect the localized corrosion by carrying out the polarization 

in both anodic and cathodic directions. The cyclic polarization is extinguishable to monitor the 

susceptibility of pitting corrosion since the hysteresis is examined by calculating the area under 

curve from one cycle by registering the potential starting from the open circuit potential and the 

passivation potentials. 

2.2.3.4. Cyclic voltammetry:  

The cyclic voltammetry occurred by passing the potential in a positive direction to a certain value 

of current or potential and then, the scan is reversed to the more negative values till reached the 

started potential value.  

2.2.3.5. Galvanic Monitoring (Zero Resistance Ammetry)  

This technique is depending on the flow current between two metals due to the difference in the 

electrode potential between these two metals if it externally connected. The obtained current 

constitutes the dissolution rate of the more negative working electrode to more positive surface 

[44].  The measurements are related to the oxygen ingress into the protected systems due to the de-

aeration process, so it is the best and suitable technique in monitoring the corrosion behavior in 

flow conditions. 

2.2.3.6. Electrochemical potentiodynamic reactivation (EPR):  
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The EPR technique is suitable for measuring the sensitization degree of stainless steels by 

sweeping the potentials from passive to active so it called reactivation [45]. 

2.2.3.7. Potentiostaic method:  

In this technique the working electrode is subjecting to polarization at different values of potential 

at constant time and the current can stabilize the potential to the next step [46]. 

2.2.4. Impedance measurements method 

The Electrochemical Impedance Spectroscopy (EIS) is proven to be accurate technique for 

measuring the rate of corrosion. The polarization resistance in this technique is calculated by the 

charge transfer resistance, which proportional to the rate of corrosion [47]. The interpretation of 

the electrochemical impedance spectroscopy could be achieved from knowing the model of 

interface by applying it on the results from the monitoring the interface. The difference between 

the electrochemical impedance spectroscopy and the other electrochemical techniques is in case 

of electrochemical impedance spectroscopy we can use narrow amplitude signals without 

disturbing the polarization resistance values. Generally, the used voltage is between (5–50 mV) 

and the frequency range is between 0.001-100000 Hz, these ranges give the chance for the 

electrochemical impedance spectroscopy to record the real resistance and imaginary capacitance 

as a response of the EIS system. The interpretation of the electrochemical impedance spectroscopy 

is also depending on the spectrum shape and the description of the circuit. The circuit is described 

and designed by fitting the best frequency formed from the EIS spectrum and the fitting is achieved 

by judging the overlap on the original spectrum. The fitting will help us to obtain the correlated 

parameters with the condition of coating and also the corrosion behavior of the working electrode. 
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2.2.5. Electrochemical frequency modulation (EFM)  

The Electrochemical Frequency Modulation (EFM) technique for corrosion monitoring is 

depending upon using the signals of two sinusoidal potential on the working electrode [48]. By 

applying these potentials, the currents resulting are measured with a period of time, then these 

obtained data are converted to frequency which help us to measure the signal. 

2.2.6. Electrochemical Noise (EN) 

The electrochemical noise (EN) monitoring technique for corrosion is the best technique for 

monitoring corrosion of aircraft and the tower of gas scrubbing. The evaluation of (EN) as a 

corrosion tool is depending on the fluctuations of potential or current of the corroding metallic 

specimen. There are many kinds of corrosion could be monitored by using the electrochemical 

�����������	�����exfoliation, erosion-corrosion and localized corrosion such as stress corrosion 

cracking(SCC) and pitting which characterized the localized corrosion. The monitoring of these 

kinds of corrosion is could be applied in either the field environment or in the laboratory and it is 

proved that the electrochemical noise (EN) monitoring technique is more sensitive than any other 

electrochemical technique.  One of the benefits of electrochemical noise (EN) monitoring 

technique is easily monitor the passivation breakdown and repassivation processes which results 

from the film formation or pit propagation processes [49]. The monitoring of corrosion behavior 

of coatings by Electrochemical Noise Analysis (ENA) is depending on using three electrodes, of 

which one is working and two are reference. The technique is carried out by measuring the current 

between the two working electrodes at known period of time. The data of current and potential are 

used to calculate the corrosion resistance by the following equation: 

�� �
����	
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Where:Stdev E is the standard deviation of the potential  
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Stdev I is the standard deviation of the current 

And the pitting index ratio is calculated by knowing the noise resistance as: 

�� �
����	�
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Where: RMSI is the root mean square value of the measured current i 

The type of corrosion which present on the metallic sample can be determined by knowing the 

pitting index ratio. 

2.2.7. Electrical field Signature method (FSM) 

The technique of electrical field corrosion monitoring has the ability to measure the corrosion 

damage via the metal loss. These techniques can provide the corrosion data over several meters of 

pipeline surface, so it is suitable or directed for monitoring the corrosion in oil and gas and 

petroleum production industry. The (FSM) technique is depending upon measurement of the 

distribution of resulting voltage due to feeding of induced current and this help us to detect the 

corrosion. The design of electrical field signature corrosion monitoring technique is simply 

achieved by installation permanent pin around the external surface of the pipeline to monitor the 

voltage and produce the potential map for the tested structure. The only drawback of this electrical 

field signature corrosion monitoring technique is the pin spacing since the increasing the pin 

spacing leads to decrease the resolution especially for the localized corrosion [50]. 

2.2.8. CEION 

The CEION monitoring technique is the best choice device for sub-surface monitoring technology 

for corrosion damage. It is also highly recommended for monitoring the sub-sea because of its 

quick response and it is not required maintenance in case of operating and shut down processes. 

The CEION technique is depending essentially on the measurement of metal loss ratio with very 

high resolution compared with the electrical resistance depending devices so it is considered as the 
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ideal technique for measuring the corrosion of producing systems results from sand erosion [51]. 

This monitoring technique has more benefits because of the applicability to set of many sensors, 

which designed to collect enough data to develop the application processes. 

2.3. Non-destructive testing methods 

The non-destructive technique includes ultrasonic, radiography, thermo-graph, eddy current 

measurement. 

2.3.1. Ultrasonic  

Ultrasonic waves have the ability to travel for a long distance along pre-stressing strands when 

those strands are suspended in air.  The signal is travelling to limit distance for about one or two 

meters when the strands are embedded in concrete. The grain size of the aggregates is affecting 

the signal of ultrasonic wavelength which leads to large wave scattering. The analysis of ultrasonic 

signals for the purpose of assessing the condition of pre-stressing steel is depending on the 

frequency of steel strand and it is can be calculated by analyzing the input and output signals 

[52].The frequency response of strand is very sensitive to small amounts of corrosion. The multiple 

frequency band correlation technique is used for analyzing the receiving signals. 

2.3.2. Eddy current method 

One of the non-destructive techniques is pulsed eddy current method; it is used for monitoring, 

inspection and identification of hidden corrosion. This technique is suitable for monitoring the 

corrosion in layered as aircraft and the thickness of conductive coatings on metal plates. Due to 

the pulsed excitation this technique able to cover wide range of frequencies quickly and this is 

considered the major advantage of this technique [53]. The other advantages are concentrated on 

the cost, since it is inexpensive technique and the manual is very simple to use [54]. The eddy 

current technique depends on the theory of electromagnetic induction, so it penetrates into the 
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layers of subsurface even these layers are not mechanically bonded. The electromagnetic induction 

means the current induced by induction, this technique depends on the measure the change of flow 

current which induced by the induction coil. The difference between this technique and the 

ultrasonic technique is this technique can monitor the corrosion where mechanical contact between 

layers is required. This technique is also capable to detect the metal loss in 2-3 layers and have the 

ability to differentiate between metal loss and metal separation.  

2.3.3. Radiographic method 

2.3.3.1. Thin layer activation (TLA) 

The field of nuclear science help the scientists to create a new monitoring technique for corrosion 

in this technique a small area of metallic material is exposed to charged particles of a beam with 

high energy to form a radioactive layer on the surface. In this technique the proton beam is used 

to produce radioactive isotope inside the metallic steel surface and give the chance to the isotope 

to decay during the emission of gamma radiation. The monitoring of metallurgical properties of 

the steel structures are unchanged due to the lower concentration of radiation, so it is very safe 

technique and should not compared with the normal radiography [55]. The sensors could be used 

in this technique by detecting the emission of gamma radiation from the surface layer and the rate 

of material removal could be measured. 

2.3.3.2. Visual Interpretation 

The uniform corrosion or the kind or degree of localized corrosion can be observed and measured 

by analyzing the weight loss of visual inspection. The localized corrosion as pitting corrosion is 

easily noticed by naked eye and could be proved by surface characterization via optical or scanning 

electron microscope. 

2.3.3.3. Analytical Techniques  
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This technique is depending on the analysis of fluid samples as conductivity, temperature, pH and 

flow measurements, counts of chloride, oxygen and iron.  These data can provide the required 

information about the corrosion monitoring. The required items for analytical techniques could be 

monitored by using suitable sensors. Multi-electrode Sensor(CMS) device can do it easily but in 

many situations, the process status and the product quality are determined by using traditional 

chemical methods and the localized corrosion monitoring could be measured by electrochemical 

studies [56].Under normal temperature and pressure or high-temperature and high-pressure 

conditions, the monitoring of corrosion (localized and/or uniform) is easy achievable in liquids, 

soils, concrete, and humid gases. 

 

Kits for checking the elemental content 

The analytical techniques are depending on using of specific kits can detect the elemental contents 

of any alloy by examining the intensity of color for any chemical spot in comparison to a standard. 

The used kit of can be subjected for testing and could be compared with the metal standard to 

ensure the shelf life. The chemical analysis must be certified for each and recorded on an analysis 

sheet. 
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2.3.3.4. Inductive resistance probes 

In this technique the change of inductive resistance of a coil is used to measure the changes in 

located inside the sensor element. The sensors are subjected to improvement to make it not like 

the electrochemical resistance probes and make the sensors are could be used in a widely range of 

environmental conditions [57]. The advantage of this technique is the ability to measure the 

corrosion rate in non-aqueous and low conductive environment and the electrochemical techniques 

is unsuitable in these conditions.  

2.3.3.5. Harmonic analysis for corrosion monitoring 

This monitoring technique for corrosion is used in large scale in the field and it is considered one 

of the related techniques to electrochemical impedance spectroscopy but in this technique the 

potential is applied to one sensor element in a three element probe and the obtained current is 

detected. In this technique the harmonic oscillations are detected with the primary frequency and 

no other technique offers this facility [58]. This technique has a unique feature, since this technique 

will be developed to create a tool for corrosion monitoring in cathodic protection systems. More 

benefits of this technique can be applied in a broad range of frequency and all the polarization 

resistance, Tafel parameters and corrosion rate could be measured. 

2.3.3.6. Acoustic emission (AE) 

The sound waves are generally produced from the mechanical stresses generated during the 

changes of temperature or pressure. The growth of microscopic defects of stress corrosion cracks 

����� ���	����� ��	��������� ��������� ��	
�� �����	��� ��� ���	����� �������������������

techniques, which indicated to the corrosion behavior [59]. The sensors could be used in this 

technique by selecting the suitable position in the metallic structures. 

2.3.3.7. Multi electrode sensor analyzers 
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The metal corrodes less or does not corrode depending on the electrons transfer from anodic are 

to cathodic area, this behavior is already existing in presence of dissimilar metals and this leads to 

localized corrosion or non-uniform corrosion [60]. The used sensor in this technique is depending 

on multi-electrodes made from identical materials to the engineering components. Some of these 

electrodes compatible to the anodic area and others are compatible to the cathodic area depending 

on the material properties of the corroding metal. Finally, the resulting electrical currents are could 

be measured and the kind of corrosion especially the localized corrosion rates are determined. 

 

   

Multi electrode Sensor Analyzers 

2.3.3.8. High resolution ER data logger 

 

The corrosion meter device is perfect in measuring and storing data from the most types of probes, 

which detected the electrical resistance and it, is considered as indication for the corrosion behavior 

and also, we can measure the corrosion rate. The measurement of resistances is changed over 

different periods of time which can be indicated to the occurred metal loss. There is a proportional 

relationship between the changes of electrical resistance and the corrosion rate.    
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High resolution ER data logger 

This technique can detect the corrosion rate in conductive and nonconductive environments, so it 

is finding a wide variety of applications. Different industries can be subjected to monitor the 

������������������������	������ petroleum companies, chemical industries, water and wastewater 

plants, soil corrosivity, or even atmospheric corrosion. The sensitivity and accuracy of this 

technique is very high, so it can detect the metal loss even in a small increment and the response 

is faster than the traditional electrochemical resistance techniques [61-63]. The obtained data can 

then be stored to external mass memory and for more explanations, all stored readings are 

automatically registered with time, so it is considered as corrosion archive for the plant or factory. 

The stored corrosion data could be managed by using corrosion software. The analysis of corrosion 

data can be imported into any standard data analysis because and data can be opened and charted 

using excel sheet. 

            

On-screen charting Transfer data directly to USB Flash drive 
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