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Abstract

Metal corrosion is a complex physico-chemical process that causes significant economic losses
across various industrial sectors. Ensuring environmental safety of industrial facilities by monitoring
corrosion parameters is an important task. Analyses of the processes involved in corrosion are
covered by materials science, chemistry, physics, engineering, and several other disciplines. It
becomes very important to accurately measure rates of corrosion for service life prediction of
materials as well as for the application of appropriate protection methods. This paper exposes the
principal techniques for measuring corrosion rates, namely the gravimetric or weight-loss technique
and the polarization resistance technique. The gravimetric technique is easy to apply but comes about
with many limitations: Localized processes cannot be taken into account; accuracy is not possible;
and what duration has to be applied depends is made known. The polarization resistance technique
permits continuous real-time monitoring of instantaneous corrosion rate value electrochemical
reactions at a metal-electrolyte interface. Among its advantages are highly sensitivity, possibility of
automation, and early problem detection.

This study presents a comparative analysis of these methods, justifying the feasibility of applying
the polarization approach in conditions where accuracy, speed, and data reliability are critical and
highlights the importance of selecting the optimal method, considering the specifics of the
environment and the accuracy requirements of corrosion measurements.

Keywords: corrosion, gravimetric method, polarization resistance method (LPR), corrosion rate,
localized corrosion, electrochemical analysis, corrosion monitoring, signal instability, long-term
measurements, electrode passivation, environmental safety and monitoring.

Relevance of the Topic

Metal corrosion is a serious issue across various industries and fields, as it leads to significant
economic losses. An important task is the accurate measurement of corrosion rate, which allows for
predicting the service life of materials and developing effective protection methods.

Research Objective

The study aims to analyze the main methods for measuring corrosion rate, particularly the
gravimetric (weight-loss) method and the polarization resistance method.
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Scientific Novelty
A comparative analysis of the main methods for measuring corrosion rate has been conducted.
The advantages of the polarization resistance method over traditional techniques have been identified.

Research results

Corrosion is a natural process in which materials (mainly metals) gradually degrade due to
chemical and electrochemical reactions with their environment, leading to the loss of their useful
properties, such as strength. Corrosion processes are complex in nature, making their study an
interdisciplinary research field that combines fundamental sciences and engineering [4]. Table 1
presents the main methods for measuring corrosion rate.

Table 1. Main Methods for Measuring Corrosion Rate

Category Subcategory Method Description
) Under deflned_ . Natural Natural conditions
environmental conditions
Gravimetric Measurement of mass change
(Massometry method) g
Accelerated Natural Natural conditions
Gravimetric Measurement of mass change
(Massometry method) g
Assessment of environmental Evaluation of corrosiveness
corrosiveness of the environment
Polarization resistance method Measuremen_t of polarization
resistance
Cyclic voltammetry Cyclic voltammetry technique
Impedance spectroscopy
Impedance spectroscopy technique
Chronopotentiometry Chronopote_ntlometry
technique

The gravimetric method is one of the most common techniques for quantifying corrosion rates
(CRs), as it is simple to use and does not require measuring currents or voltages.

There are national and international regulations governing the handling of hazardous chemicals,
based on the “United Nations Recommendations on the Transport of Dangerous Goods” and the
“Globally Harmonized System of Classification and Labeling of Chemicals (GHS)”. According to
the “Manual of Test and Criteria” [6], a substance is considered corrosive if its corrosion rate (CR),
measured using the immersion test for at least 168 hours (1 week), exceeds 6.25 mm per year at a test
temperature of 55°C on steel or aluminum surfaces.

To quantify corrosion rates (CRs) using the weight-loss method (immersion test), the mass loss
of the specimen (with a known surface area) is determined by measuring the difference in weight
before and after immersion in a corrosive medium for a specified period [4].

This method is simple and well-established, but it has several limitations: it only provides the
average corrosion rate over the immersion test duration, without capturing variations in oxidation
kinetics; potential inaccuracies in CR determination due to incomplete or excessive removal of
corrosion products after immersion; it does not provide insights into corrosion mechanisms; it may
underestimate the actual corrosion rate if localized corrosion is the dominant mechanism.
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Industry standards such as ISO, ASTM, and NACE TMO0169/G31—-12a (are widely used in
industrial and academic research. They outline methodologies for quantifying corrosion rates using
immersion test experiments. The formula commonly used in academic literature for calculating CR
is as follows:

CR = k-mloss (1),
A-pt

- k- constant (8.76 x 10*) to express CR in, mm/year,
—  Miess — mass loss of the metal, g (mo — my),

- t—exposure time, hours,

- A —surface area of the material, cm?,

- p —density of the material, g/cm? [4].

Since corrosion rate quantification via immersion tests relies on mass change measurements, it is
crucial to ensure a significant (measurable) mass change to minimize weighing errors, which is
typically achieved over long exposure times. But it might cause surface area change when kept for a
long time. The ASTM standard says that slow tests are more true than quick ones. Also, corrosion
should not get so bad that the starting size of the piece or the area it shows is much smaller, or until
the metal has a hole in it.

Linear Polarization Resistance (LPR) is the real-time corrosion monitoring/ measuring technique
by which polarization resistance helps to detect corrosion problem at an early stage enabling
preventive action thereby prolonging the life of the equipment and reducing unplanned downtime.
The equipment life and unplanned downtime can be prolonged and reduced respectively as long as
continuous monitoring is done based on this technique. For more than thirty years, LPR has been
applied successfully in virtually all water-based corrosive environments such as: cooling water
systems; secondary recovery systems; potable water treatment and distribution; amine sweetening;
wastewater treatment; pickling and extraction of minerals; hydrocarbon production when free water
Is present with no problems. When a metal/alloy electrode is immersed in an electrolytic liquid with
sufficient oxidizing power, corrosion occurs through an electrochemical mechanism involving two
simultaneous reactions: at anodic sites, metal dissolves into the solution, leaving excess electrons at
the metal surface; at cathodic sites, these electrons are consumed by oxidizing species from the
corrosive liquid [3].

The corrosion current (Icorr), generated by the electron flow between anodic and cathodic sites,
can be used to calculate the corrosion rate using a modified version of Faraday’s Law:

C=E  Erleorr(2),
A-d

where:
C — Corrosion rate (mils per year, MPY)
E — Equivalent weight of the corroding metal, g
A — Surface area of the corroding electrode, cm?
d — Density of the corroding metal, g/cm3 [3].

However, since anodic and cathodic sites constantly shift, direct measurement of Icorr is
impossible. Instead, small externally applied potential shifts (E) generate a measurable current flow
() at the corroding electrode. The relationship between I and E follows the Stern-Geary equation:
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Icorr = I/E X constant (3).

The ratio E/I is known as Polarization Resistance (Re), which is directly proportional to the

corrosion rate.

To measure polarization resistance, a second electrode (auxiliary electrode) is placed in the liquid
and connected to the corroding electrode (test electrode) through an external power supply.

However, in a simple two-electrode setup, the applied potential must overcome both solution
resistance (Rs) and polarization resistance (Rp), leading to overestimation of Rp and underestimation

of the corrosion rate:

where:

Cm=Cax

Rp+Rs

Cm — Measured corrosion rate,0000000000
Ca — True corrosion rate [3].
In Table 2, we compare these methods for measuring corrosion rates.

R (4),

Table 2. Comparison of Gravimetric and Polarization Resistance Methods for Corrosion Rate
Measurement [2; 5; 1; 3; 4]

Gravimetric Method

Polarization Resistance Method

Criteria .
(Weight-Loss Method) (LPR)
. Measures electrochemical response
L Measures mass loss of a metal specimen : ;
Principle : o : . of a metal electrode in an electrolytic
after immersion in a corrosive medium. .
solution.
Provides an average corrosion rate over a Allows real-time corrosion
Measurement Type : . P
fixed period. monitoring.

Time Required

Long exposure times (typically 168 hours
or more) to obtain measurable mass loss.

Provides instantaneous results.

Accuracy

Can be affected by incomplete or
excessive removal of corrosion products.

High sensitivity, detects minor
changes in corrosion activity.

Ability to Monitor
Localized Corrosion

May underestimate corrosion rate if
localized corrosion dominates.

Can detect localized corrosion
effects.

Destructiveness

Destructive — requires removal and
weighing of the specimen.

Non-destructive — does not require
sample removal.

Application Areas

Used in standardized immersion tests for
regulatory compliance.

Used in continuous monitoring
systems in industrial applications.

Commonly used in water treatment,

Industry Standards ISO, ASTM, NACE TMO0169/G31-12a. cooling systems, hydrocarbon
production.
Limitations Does not provide insights into corrosion | Requires electrolytic conductivity in
mechanisms. Surface area changes over the medium. Can be affected by
time, affecting accuracy. solution resistance errors.
Advantages Simple and well-established. Does not Real-time monitoring. High

require measuring currents or voltages.

sensitivity to corrosion changes.
Continuous monitoring capability.
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Recommendations for further applied research

Since the gravimetric method gives an average corrosion rate but LPR gives instantaneous values,
a study of the effectiveness of a combined approach to data reliability is thereby suggested. This has
to be done in localized corrosion since the gravimetric method tends to underestimate its effects.
Long-term measurements for LPR, being real-time results, thus have to be investigated for signal
stability and the possible effects of noise or electrode passivation in longer periods.
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XIMIYHI TA ®I3UKO-XIMIYHI METON
BUMIPIOBAHHS HIBUAKOCTI KOPO3II
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AHoTanisa

Kopo3sis meraniB € ckiagauM (pi3uKo-XiMIYHUM MIPOIIECOM, IO CIIPUIMHSIE CEPHO3HI eKOHOMIYHI
BTPAaTH B PI3HUX Taly3siX IMPOMHUCIOBOCTI. 3abe3ledyeHHs eKOJIOTIYHOI Oe3NeKkH eKcIuryaTaiii
MIPOMHKCIIOBUX OO0 €KTIB IUISIXOM MOHITOPHUHTY TapaMeTpiB KOpPO3il € BaXXJIMBUM 3aBJIaHHSIM.
BuBueHHs mporeciB Kopo3ii € MDKAMCHUIUTIHAPHUM HAIPsIMOM, IO OXOIUTIOE MaTepialo3HaBCTBO,
XiMifo, QI3UKy Ta 1HXEHEPit0. AKTYaIbHUM 3aBJIaHHSIM € TOYHE BUMIPIOBAHHS IIBHAKOCTI KOPO3ii
JUIS IPOTHO3YBAHHS TEPMiHY CIIy>kKOM MaTepialliB Ta BIPOBAIKEHHS €(PEKTUBHUX METOJIB 3aXHCTY.
VYV nocnmipkeHHI HaJaHa XapaKTepPUCTHKAa OCHOBHUX METOJIB BHUMIPIOBAaHHS IIBHAKOCTI KOPO3ii,
30KpeMa TpaBIMETPUYHOTO (METOAY BTpAaTH Macu) Ta METOAY NOJSAPU3ALIAHOIO OIopy.
['paBimMeTpUYHMI METO] € IPOCTUM y peaiizailii, OJJHaK Ma€ psij HEJAOIIKIB: 0OMEKEHHs B TOUHOCTI,
HEMOXKJTUBICTh BPaxyBaHHS JIOKAJIbHUX MPOIIECIB, 3aJEKHICTh BiJl TPUBAIOCTI €KCMO3uIii. Meron
MOJISIPU3AIIIAHOTO OIMOPY TO3BOJISIE 3AIMCHIOBATH OE3MEepepBHUN MOHITOPHHT y pealbHOMY 4aci,
BU3HAYaI0OYU MUTTEBI 3HAUEHHS IIBUKOCTI KOpOo3ii. BiH 6a3yeThcst Ha eNEKTPOXIMIYHHUX PEaKIisiX Ha
MEX1 METaJ-eJICKTPOJIT, J€ Yepe3 Malli 30BHINIHI MOTEHIIaTd BUMIPIOETHCS KOPO3IMHUNA CTPYM.
IlepeBaramMu € BHCOKAa UyTJIMBICTh, MOMJIMBICTh aBTOMATH3Allil Ta paHHE BUSABJICHHS MpobOiem. Y
po0OOTI TPOBEACHO TMOPIBHAJIBHUMA aHalli3 3a3HAUYCHUX METOJIB, IO JO03BOJISIE OOIPYHTYBaTH
JOLIIBHICTB 3aCTOCYBaHHSI OJISPU3ALIIHOTO MiIX0/1y B YMOBaX, /1e He00Xi/1Ha TOUHICTb, IIBUAKICTD
Ta HAIIAHICTH NaHuX. J[OCHIKEHHS MiJKPECIIOE BaXIIUBICTh BUOOPY ONTHMAIBLHOTO METONIY 3
ypaxyBaHHSIM cHeU(pIKU CEPeIOBUIIA Ta BUMOT 10 TOYHOCTI BUMIPIOBAHb.

KurouoBi ciioBa: Kopo3is, rpaBIMETPUYHUNA METO/I, METO/I MOJIAPU3ALIHHOTO ONOPY, MIBUAKICTD
KOpO3ii, JIOKani30BaHa KOpO3is, €NEKTPOXIMIYHHMIA aHali3, MOHITOPUHI KOpo3ii, HecTabiIbHICTh
CUTHAaJTY, JOBTOTPHBAJIl BUMIPIOBAHHS, TTACUBAIIisl €IEKTPO/IIB, EKOJIOTIUYHA Oe3IeKa Ta MOHITOPHUHT.
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