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Abstract: Corrosion is defined as an attack on a material as a result of chemical, frequently electrochemical
reaction, with the surrounding medium. Corrosion monitoring and detection provides comprising monitoring
and detecting of all critical components of petrochemical refineries objects, assets, facilities and plants for signs
of corrosion. Monitoring and detection of corrosion is useful for plant engineers and maintenance personals to
replace the corroded parts of pipeline in petrochemical industries only after when damage has occurred. On
basis of recorded data, observer can predict at how much rate the corrosion should occur. This paper provides
information about different types of corrosion and detection methods. Common methods used for corrosion
monitoring and detection are destructive and non—destructive. In non-destructive method ultrasonic guided
wave, radiographic and electromagnetic and in destructive methods corrosion coupons, electrical resistance
and linear polarization resistance are included.
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I.  Introduction

There are significant incentives to monitor corrosion in petrochemical refineries. The corrosion
measurement helps us to predict the life of the assets in refineries, petrochemical, water areas where there is
likely chance of corrosion. To measure internal corrosion quickly and accurately one can control the level of
damage that internal corrosion inflicts on company’s production system. Inside the pipelines corrosion is
difficult to detect and monitor [1], [2] and [3]. Corrosion monitoring is generally performed for the following
reasons: () To get the information about the state of equipment at specific location and to ease the inspection
during shutdowns, (b) To obtain information on the corrosion rates and operating process variables, (c) On the
basis of data recorded should apply predictive control schemes and/or modified plants and processes [4] and
[5].There is small difference between monitoring and inspection. In monitoring methods, there are use of
electrical resistance and linear polarization method and in inspection or detection weight loss coupon is use [6]
and [7].Corrosion monitoring requirements because of (a) For proper schedule of inspection, (b) Identification
of component alloy composition, (c) To identify the location at where defect of pipelines is occur, (d) Prediction
of remaining life of assets, (¢) Determination of service condition, (f) Optimize to process conditions to achieve
maximum throughput without sacrificing the integrity of the equipment, (g) Remedy and correction of problems
in industries.

Il.  Type of Corrosion
1. Uniform Corrosion:

Uniform corrosion also refers to the corrosion that proceeds at approximately the same rate over the
exposed metal surface. It is relatively easily measured and predicted, making disastrous failures relatively rare.
It can be practically led control by cathodic protection, use of coatings or paints. This type of corrosion can be
detected by acoustic emission method [8].

2. Localized corrosion:

Localized corrosion is same as general attack corrosion, localized corrosion specifically target on one
place of the metal surface. Localized corrosion is accelerated attack of a passive metal in corrosive environment.
General types of localized corrosion include pitting, inter-granular corrosion of an alloy with a susceptible grain
boundary region and predictive modeling of localized corrosion. There are number of applications where
localized corrosion of metals under atmospheric corrosion conditions might play a role. Localized corrosion
takes place when works with other destructive processes such as stress fatigue, corrosion and other forms of
chemical attack [9] and [10].
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Fig.1.Types of Corrosion.

Types of localized corrosion:
a. Galvanic Corrosion:

Galvanic corrosion is also called bimetallic corrosion. Galvanic corrosion takes place when one metal
is in electrical contact with another in the presence of an electrolyte. Two dissimilar metals are in the electrolyte,
one metal acts as anode and another metal as cathode. The electro potential difference between the reactions at
two electrodes is the driving force for an accelerated attack on the anode metal, which dissolves into the
electrolyte. This leads to the metal at the anode corroding more quickly than it otherwise would and corrosion at
the cathode being inhibited [11]. A common example of galvanic corrosion such as corrugated iron, a sheet of
iron or steel covered with a zinc coating. There are several ways of reducing and preventing this form of
corrosion such as, (a) two different metals electrically from each other so that no galvanic coupling will occur
between metals. Two metals are isolated by made of plastic material or made of material internally coated or
lined, (b) Choose both metal materials that have similar electro potentials. As the lowest difference between
electro potential less the galvanic current, and less the galvanic corrosion, (c) For reduces the galvanic corrosion
use cathodic protection. It is applied by connecting direct current (DC) electrical power supply to oppose the
galvanic current [12] and [13].

b. Crevice Corrosion:

It is initiated by a difference in concentration of some chemical constitutes, usually oxygen, which setup
an electrochemical cell. The major factors influencing crevice corrosion are: (1) Crevice type.(2) Crevice
geometry.(3) Material.(4) Environment. It is prevented through welded but joints instead of riveted or bolted
joints in new equipment, eliminate Crevices in existing lap joints by continuous welding or soldering use solid
and non-absorbent gaskets such as Teflon [10].

c. Pitting Corrosion:

It is one of the most destructive types of corrosion, as it can be hard to predict, detect and characterize.
When it is occur it grows into a hole or cavity that takes on one of a variety of different shapes. Typically pits
penetrate from the surface downward in a vertical direction. It can cause by non-uniformities in the metal
structure itself. Pitting corrosion is localized accelerated dissolution of metal that occurs as a result of a
breakdown of the otherwise protective passive film on the metal surface [14]. Statistical variation of pitting
potential and induction time for pit generation has been studied based on a stochastic theory which had been
developed for the fracture of solid materials caused by applied stress [15].
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d. Intergranular Corrosion (IGC):

Chemical or electrochemical attack on the grain boundaries of metal called intergranular corrosion.
Higher contents of effects near to the grain boundaries occur due to impurities in the metal. It is also called
intercrystalline corrosion or interdendritic corrosion. The anodic behaviour of pure Al and some specially
prepared Al-Cu alloys has been studied to check the mechanism of intergranular corrosion of aged Al-4%Cu.
The conditions of heat treatment, solution composition, and potential, at which intergranular corrosion appears,
have been established [16]. Eddy Current Testing (ECT) technique to assess, quantify sensitization and
intergranular corrosion (IGC) in thermally aged AISI type 316 stainless steel [17].1GC can be prevented through
use low carbon grade of stainless steels, use stabilized grades alloyed with titanium or niobium, use post weld
heat treatment.

e. Corrosion Fatigue:

Pitting was found to be associated with constituent particles in the hole and pit growth often involved
coalescence of individual particle-nucleated pits. Fatigue cracks typically nucleated from one or two of the
larger pits, and the size of the pit at which the fatigue crack nucleates is a function of stress level and load
frequency [18],[19], and [20]. Corrosion fatigue is the mechanical degradation of a material under the joint
action of corrosion and cyclic loading. The environment plays a significant role in the fatigue of high strength
structural materials like steel, aluminum alloy and titanium alloys. It is dependent on the interactions among
loading, environmental and metallurgical factors. It is prevented through minimizing vibration and pressure
fluctuations, reducing corrosion fatigue using corrosion coating and inhibitors.

Uniform Galvanic Pitting
Crevice De-alloying Intergranular
Fatigue Stress -cracking

Fig.2.Different Types of Corrosion.

I1l.  Methods
1. Non-Destructive Method:
Non-Destructive Testing (NDT) is a wide group of analysis techniques used in science and technology
industry to evaluate the properties of a material, component or system without causing damage.
Types of non-destructive method:

a. Ultrasonic and Acoustic Method:

The main principle of ultrasonic testing method is two probes are connected with the testing material
and on the basis of transmitting and receiving pulse it is measures the thickness of the material and calculate the
corrosion rate. Acoustic wave devices design in such way that they can measure the atmospheric corrosion of
thin plat. Very short ultrasonic pulse —waves are transmitted through the material to detect the internal flaws or
to characterize the material. In most of cases the center frequency is in the range of MHz [21],[22] and [23].AE
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(Acoustic Emission) sensors are generally piezoceramic transducers; the basic principle is convert physical
displacement into voltage. According to change in voltage we can calculate stress-corrosion cracks and ductile
fracture of the materials. The main advantage is high penetrating power means we can detect the deep internal
flaws. It is capable to estimating the size and orientation of defects. Manual operation is required so the
percentage of error is increase [24],[25] and [26].

b. Electromagnetic Method:
The main principle of method is inducing electric currents or magnetic fields or both into the test object
and observe the electromagnetic response of the object there are many types of electromagnetic method like:

i. Magnetometer and di-electrometers:

Hidden corrosion under paint and to measure the depth of moisture within barrier paint coatings are
detect by Meandering Winding Magnetometers (MWM) [27], [28], [29] and [30] and interdigital Electrometers
(IDED) because of the reducing the conductivity near a metal surface there may be chance of oxygen diffusion
layer on the metal surface, it is early stage of corrosion. MWM uses magnetic fields and inductive coupling to
measure property profiles of the material. The IDED uses electric fields and capacitive coupling to measure the
properties of multi-layered insulating media, such as paint on metal oxides formed during corrosion.

ii. Magnetic flux leakage (MFL):

Basic principle of MFL technology is saturating magnetic field is applied to the test material through
large magnet and sensing local change in the applied field. Basically MFL is use in larger diameter pipes over a
long distance. MFL tools consist of total two parts (1) magnetizer with magnet and sensor,(2) electronics and
batteries. The magnets are mounted between the brushes and tool body to create the magnetic circuit along with
the pipe wall. As the tool travels along the pipe, the sensors detect interruptions in the magnetic circuit.
Interruptions are typically caused by metal loss and which in most cases are corrosion and the dimensions of the
potential metal loss is denoted previously as "feature." Other features may be manufacturing defects and not
actual corrosion [31].

iii. Eddy current testing (ECT):

Given an Alternating Current (AC) to a wire coil, this wire coil produces alternating magnetic field
around itself. Frequency of current and magnetic field is same. When the coil approaches a conductive material,
currents opposed to the ones in the coil are induced in the material this called eddy current. It is basic principle
of eddy current testing. There two major applications of ECT (1) Surface inspection: used in aerospace
industries and petrochemical industries. Surface inspection can be applied to both ferromagnetic and non-
ferromagnetic material, (2) Tubing inspection: It is only applicable to non-ferromagnetic material. An inversion
algorithm for the reconstruction of cracks from eddy current signals is developed in this study and applied to the
profile evaluation of natural stress corrosion cracks that were found in steam generator tubes of a nuclear power
plant [32],[33] and [34].Using ECT testing cracks, laminar defects and assess wall thickness types of flaws can
be detected. Merits of ECT are Non-contact test, No residual effects, MFL induced currents can be detected by
ECT sensor. There are some more techniques used in electromagnetic testing like (1) Remote field testing, (2)
Wire rope testing,(3) Magnetic particle inspection (MT OR MPI), (4) Alternating current field measurement
(ACFM) and (5) Pulsed eddy current.

c. Radiographic Method:

A radiographic method is use of high frequency gamma radiation and x-ray, are employed to produce images of
physically inaccessible metallic components obstructing the radiation path. This radiation method of corrosion
monitoring has low sensitivity and requires radiation safety. In the chemical and petroleum industries
radiography is extensively used in measure pipe thickness. Applications of radiographic method are (1) Internal
deposits: radiography has been proven to be very useful in detecting different kinds of internal deposit

(2) Pitting corrosion: Radiography can detect pits very easily. The depth of pit can be determined by measuring
the densities of the pitted and sound areas,(3) Thickness loss: This can be determined by the measuring the
radiographic densities or by tangential radiography [35],[36]and [37].
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Fig.3.Corrosion monitoring and detection methods.

2. Destructive Method:

Destructive Physical Analysis, (DPA) test is carried out to the specimen's failure, in order to understand a
specimen's performance or material behavior under different loads. These tests are generally much easier to
carry out, yield more information, and are easier to interpret than non-destructive testing.

Types of Destructive Method:

a) Corrosion coupons:

Corrosion coupons are inexpensive, effective method for monitoring the corrosion rate in any system or
structure. Though accurate, meaningful results from these test is not always as simple as measuring the weight
loss and calculating meaningful corrosion rate [38].Corrosion coupons are placed directly in the process stream
and extracted for measurement. This monitoring technique provides direct measurement of metal loss that
allows calculating general corrosion rate. Various forms of corrosion can be examined with these coupons like
Galvanic corrosion, Pitting, Crevice corrosion, Susceptibility to stress corrosion cracking etc. Types of corrosion
coupon are (1) Strip coupon, (2) Disc coupon, (3) Weld coupon, (4) Stressed coupon, (5) Scale coupon. Merits
of corrosion coupon testing are Principle is easy to understand, Provides specimens for post- test examinations,
Comparison between different alloys and inhibitors can be done, Inexpensive.

Equation for measuring corrosion rate (CR) from weight loss coupon:

CR (mpy) — 22300 xWL

pXAXT
Where,
CR denotes corrosion rate in “mils per year”(mpy),
WL denotes by weight loss (gm),
p denotes metal density (gm/cm?),
A denotes coupon area (in?),
T denotes by time (days).

@)

Table no 1: Substitute value for 22300 in equation.

Units of measure Substitute for value of 22300
Corrosion rate(mm/year), Coupon area (in2) 566

Corrosion rate(mpy), Coupon area (cm2) 143700

Corrosion rate (mm/year), Coupon area (cm2) 3650

Limitations of corrosion coupon testing are Measures only the average corrosion rate during the time of
exposure, Corrosion rate only calculated after coupon removal from pipeline, Short exposure period can yield
unrepresentative corrosion rates andCoupon surfaces are smooth and polished. These surface are may differ
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from the surface of older piping system which might be worn or pitted. The difference could create a source of
error.

Corrosion Monitoring Elements

Probe Coupons

Fig.4. Corrosion monitoring elements.

b) Linear Polarization Resistance (LPR) method:

It is an electrochemical method of corrosion. Electrochemical potential and current generated between
electrically charged electrodes in process stream monitoring relationship between these two allows the
calculation of corrosion rate. LPR is a continuous monitoring system. Here the solution resistance (Rs) is the
resistance between the corroding interface and the reference electrode and polarization resistance (Rp) is related
to corrosion rate. In a making direct current, or a low frequency, corrosion rate measurements. The Rs and
Rpbecomes series resistor which adds in the measurement [39],[40],[41] and [42]. The effect of the high
solution resistance between the reference and working electrodes is eliminated by chemically modifying the
dielectric surface between the electrodes to make it ironically conductive [43], [44], and [45]. During corrosion
discrete points on the surface of the corroding metal will be at different electrochemical potentials. So, current
will flow through mass of metal until the both are at the same compromise potentials, the corrosion potential. It
is online corrosion monitoring using LPR probes.

LPR resistance defined as:

AE
Rp = — )
Where,

Rp denotes LPR resistance,
AE denotes potential difference,

Ai denotes current passing through metal.
Icorr XxEx123.67

CR(mpy) = —————(3)

Where,

CR denotes Corrosion rate in "mils per year" (mpy),
E denotes Equivalent weight of the corroding metal (gm),
A denotes Area of corroding electrode (cm?),

d denotes Density of corroding metal (gm/cm?).

LPR application is used in Cooling water system, Secondary recovery system, Potable water treatment
and distribution system, Amine sweetening, Waste water treatment system, Pickling and mineral extraction
processes, Pulp and paper manufacturing, Hydrocarbon production with free water. Merits of LPR technique are
that it can provide a measurement of the changes in the corrosion rate can typically be detected in minutes, it can
provide qualitative pitting tendency measurement such as whether the tendency for pitting we be shallow and in
frequent or deep and abundant, LPR electrodes are replaceable, which extends probe life and offers options in
electrode material types for different monitoring objectives.
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c) Electrical resistance method:

There are several techniques for online corrosion monitoring the most commonly techniques used is
electrical resistance technique. The ER technique measures the effects of both the electrochemical and the
mechanical components of corrosion such as erosion or cavitation. It is the only on-line, instrumented technique
applicable to virtually all types of corrosive environments. The electrical resistance of this probe is compared
with that of an identical reference probe that is shielded from corroding. As the exposed probe corrodes, its
electrical resistance increases depending upon the extent of corrosion [46].

Principle of operation;
L
R=":4)
Where;
L denotes Element length,
A denotes Cross sectional area,
r denotes Specific resistance.
Reduction means metal loss in the element cross sectional area due to corrosion will be accompanied by a
proportional increase in the element’s electrical resistance.

Corrosion rate (C) is derived by:
Px365XxAS
= ATx1000 (5)
Where,
P denotes probe life,
AS=S2-S1,

T being the lapse time in days between instrument readings S1 and S2.

Applications of ER probes are Feed water system, Flue gas stacks, Architectural structures, Oil/gas
production and transmission system, Refineries and petrochemical process streams. Merits of electrical
resistance technique are Corrosion monitoring can be made without seeing or removing the sample, response is
quick and can be monitor continuously, permitting detection of any sudden increase in corrosion rate, and
immediate remedial action. Demerits of electrical resistance technique are when a solid corrosion product is
formed, meaningful results can only be obtain on a new element after a conditioning period which is difficult to
ascertain if scale on the probe and equipment surface is identical, When localized pitting or crevice corrosion
occur, local thinning puts a high resistance in series with the rest of element giving an inflated corrosion rate
reading.

d) Electrochemical Impedance Spectroscopy (EIS):

The influence of surface in homogeneities on corrosion processes is demonstrated by EIS [46]. EIS is
another more recently developed technique that is continuous measurement of corrosion rate. In this method
measurement of polarization resistance (Rp) is directly measure of corrosion rate. To make an EIS
measurement, a small amplitude signal, usually a voltage between 5 to 50 mV is applied to a specimen over a
range of frequencies of 0.001 Hz to 100,000 Hz.The EIS instrument records the real (resistance) and imaginary
(capacitance) components of the impedance response of the system. Depending upon the shape of the EIS
spectrum, a circuit model or circuit description code and initial circuit parameters are assumed and input by the
operator. Applications of EIS Analysis of corrosion on metal surfaces, Characterization of the hardening process
of cement paste, Determination of state of charge (SoC) and state of health (SoH) in batteries [47] and [48].

IV.  Conclusion

Corrosion is a common problem encountered in the petrochemical industry and at oil & gas refinery.
Oil and gas pipelines, petrochemical plants and process lines have serious corrosion problems. Corrosion is
occurring due to the metal deterioration and chemical reactions with the pipes. Corrosion problem consider an
economic loss in these industry at extremely high. Different types of corrosion take at different location. Types
of corrosion basically are uniform corrosion, localized corrosion. Monitoring and detection is necessary in
petrochemical refineries to reduce the economic loss. Corrosion monitoring and detection techniques commonly
are destructive and non-destructive methods. Corrosion coupons and probes like electrical resistance and linear
polarized resistance are monitoring and detection techniques in the pipelines. Hence corrosion control is not
possible but can only a monitoring and based on the data, can replace the pipelines in the industryReferences
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