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Online Monitoring 
of Undercoating 

Corrosion 
Using Coupled 
Multielectrode 

Sensors
XIAODONG SUN, Corr Instruments, LLC

 Online monitoring of carbon steel corrosion under 
 different commercial coatings was conducted 
utilizing coupled multielectrode sensors. The 
experimental results showed that the coupled 
multielectrode sensor is an effective tool for detecting 
initial defects and real-time degradation of coatings. 
Because of their high sensitivity, the coupled 
multielectrode sensors may also be used as a quick and 
convenient tool for optimizing the selection of proper 
coatings for different applications.

C
oatings are used to protect 
metallic substrates from 
corrosion in many indus-
tries. In the U.S. alone, the 
total annual cost of coating 
applications in 1997 was 
estimated to be between 

$33.5 billion and $167.5 billion.1 Th e 
corrosion protection provided by coatings 
depends on their quality. If the coating is 
deteriorated or damaged, corrosion may 
take place under the coating or at the 
fl awed location. Because corrosion be-
neath a coating is not easily detected, an 
eff ective monitoring technique is required 
to detect it at an early stage to eradicate 
or control the undercoat corrosion. Peri-
odically, holiday detectors are used to 
evaluate the coating on a metallic sub-
strate. An online monitoring technique 
may provide a real-time indication of the 
coating performance and serve as an early 
warning of degradation, making it an 
ideal tool for detecting and controlling 
undercoat corrosion.

Coupled multielectrode corrosion 
sensors have been used as in situ or online 
monitors for nonuniform and localized 
corrosion in laboratories and industrial 
applications.2-5 Th ese applications have 
demonstrated that the sensors can be 
used to continuously monitor corrosion, 
not only in aqueous solutions but also 
under solid deposits such as bio and salt 
deposits.3-4

In this study, coupled multielectrode 
corrosion sensors and a newly developed 
multielectrode corrosion analyzer system 
were used as an online monitor to detect 
corrosion under coatings. Th e detailed 
experimental setup is described. Th e re-
sults of corrosion measurements on car-
bon steel (CS) under diff erent coatings 
are presented.

Experimental Procedures
Th e sensing electrodes were made from 

an annealed mild CS wire (concrete rebar 
wire), 1.5 mm in diameter, 50 mm in 
length, and coated with diff erent com-
mercial coatings. Each sensor had eight 
electrodes painted with the same type of 
coating. Each sensing electrode was 
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abraded to 320 grit and rinsed with dis-
tilled water and acetone before the coating 
was applied. Four types of commercial 
coatings were evaluated in this study.

Figure 1 shows the six sensors used in 
the experiment. Table 1 gives their coating 
confi gurations. Sensors 1, 2, and 6 were 
coated with the same type of epoxy. Th e 

tips of three electrodes (Electrodes 1, 4, 
and 8) in Sensor 1 and all electrodes in 
Sensor 2 were mechanically scratched to 
simulate the initial defects (pinholes) on 
the coating. All sensors were immersed in 
simulated seawater and tested at 26°C. 
Th e simulated seawater was prepared with 
3% sea salt and distilled water.

A nanoCorr† A-50 Coupled Multielec-
trode Corrosion Analyzer6 was used. Th is 
analyzer has a high current resolution 
(10–12 A) and allows the measurement of 
coupling currents from up to 50 elec-
trodes (Figure 2). Six sensors were con-

†Trade name.

TABLE 1

COATING CONFIGURATION OF SENSORS
  Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 5 Sensor 6
 Coating code A A B C D A 

 Coating type Epoxy Epoxy Rust inhibitive Enamel Auto rust paint Epoxy 

 Number of coats 2 2 2 2 2 2 

 Initial condition Tips of three  Tips of all   Fully covered Fully covered Fully covered Fully covered 
  electrodes  electrodes
  (1, 4, and 8)  mechanically
  mechanically  damaged
  damaged 

 Color Black Black Grey Red White Black

FIGURE 1

Coupled multielectrode sensors painted with different coatings for the 
experiment.

Experimental setup: Six sensors were connected to the coupled 
multielectrode corrosion analyzer system.

FIGURE 2
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nected to the analyzer and measured at 
the same time. Th e common coupling 
joint2 of each sensor was connected to a 
large type 304 stainless steel (SS) (UNS 
S30400) cathode (surface area 30 cm2) so 
that each of the sensing electrodes would 

be an anode when the coating on it failed. 
A notebook computer and the factory-
supplied software, CorrVisual†, were used 
in conjunction with the multielectrode 

analyzer. Th e currents from each sensor’s 
electrode, the electrochemical potential of 
each sensor against a saturated calomel 
reference electrode (SCE), and the tem-
perature were logged at a user-specifi c 
interval (usually 20 to 120 s) and saved in 
a computer fi le. Processed signals, such as 
the localized corrosion current and cumu-
lative charge for each sensor, were saved 
in a separate fi le. Other processed signals, 
such as the corrosion rate and cumulative 
corrosion damage (penetration depth), 
were also recorded in the processed data 
fi le if the surface areas of the damaged 
coating on the sensing electrodes were 
known. During the measurements, all of 
the directly measured currents, the statis-
tical values of the measured currents for 
each sensor, the temperature, and other 
useful parameters for data acquisition 
were also displayed dynamically on the 
computer screen in both numerical and 
graphical forms.

Results and Discussion
Figure 3 represents the corrosion sig-

nal changes measured from the six coated 
sensors in response to the initial defects 
and degradation of the coatings. Th e 
signal for each sensor was automatically 
calculated by the software based on the 
current from the most anodic (corrod-
ing) electrode among the eight electrodes 
in the sensor. Th e results are discussed 
below.

COATINGS WITH 

INITIAL DEFECTS

Signals from Sensors 1 and 2 with 
simulated initial defects on coatings (Sen-
sor 1 had three coating-damaged elec-
trodes and Sensor 2 had eight coating-
damaged electrodes) increased instanta-
neously from the lower detection limit (2 
× 10–11 A) to more than 1 × 10–6 A. Th e 
corrosion current signals for Sensors 1 and 
2 remained above 1 × 10–6 A throughout 
the test.

As shown in Figure 4, corrosion of the 
sensing electrodes with initial defects on 
coatings was apparent after 7 days of im-
mersion. Th e electrodes of Sensor 2 were 
severely corroded after 17 days of immer-†Trade name.

Responses of the sensor signals to simulated initial defects and degradations of the coatings in 
simulated seawater. Sensors 1 and 2 had induced coating-damaged electrodes, and all other 
sensors had intact coatings on all electrodes prior to the test.

Appearances of Sensor 2 electrodes after 7 days of immersion in simulated seawater. Coatings at 
the tips of all electrodes contained initial defects prior to the test. The tips of the electrodes had 
rusted after 7 days and were severely corroded after 17 days of immersion.

FIGURE 3

FIGURE 4
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sion. Figure 5 shows that, indeed, most of 
the electrodes with initially damaged coat-
ings had high anodic currents fl owing 
through them during the measurement. 
Since the electrodes of the sensors were 
galvanically coupled to a nobler SS cath-
ode, the measured potential for each sen-
sor was slightly higher than the free im-
mersion potential or open-circuit potential 
(OCP) (–0.62 to –0.70 VSCE) of a CS wire 
in the same solution. Th e coupling of the 
sensor electrodes to the SS electrode was 
made to ensure that each sensing electrode 
would act as an anode when the coating 
on it was degraded or fl awed. Some elec-
trodes, however, were still giving low 
levels of negative currents and acting as 
cathodes, even when they were coupled 
with a nobler electrode. If only one single 
electrode had been used, the sensor would 
not have been able to detect the coating 
damage, because it might give a low-level 
negative signal indicating there was no 
corrosion. Th erefore, the use of multiple 
electrodes in the sensor is essential to ef-
fectively detect the degradation of coat-
ings. Th e behavior of these electrodes, 
which gave low-level cathodic currents, 
was caused by variations of the OCP 
among the diff erent electrodes. Th is was 
probably caused either by the heterogene-
ity in the metallurgical microstructures 
among the diff erent electrodes of a sensor 
or by the diff erent localized environments 
surrounding the sensor’s electrodes.

COATINGS OF POOR QUALITY

Th e signals from Sensor 6 increased 
gradually by two orders of magnitude in 
~20 h, after the fi rst and second immer-
sions in the brine solution, and stabilized 
at a constant value after the 20-h test. Th e 
initial change in the measured signal was 
caused by either the poor quality of the 
coating or the minor initial defects. Th e 
poor quality of coating is a more likely 
cause because, if the sensor had initial 
defects, it would have continued to fail 
and the signal would have continued to 
increase during the course of the immer-
sion test. No visually detectable damage 
to the coating was observed after the 17-
day immersion test. Th e gradual increase 

in the sensor signal upon the fi rst (Day 1) 
and second (Day 7) immersions may have 
been caused by the diff usion of the elec-
trolyte in the conducting path (or pores) 
in the coating. Between the two immer-
sions, the increase upon the fi rst immer-
sion was much slower than that upon the 
second immersion because the electrolyte 
was not totally dried out of the conduct-
ing path when the sensor was removed for 
a short time (12 h) on Day 6.

COATINGS OF HIGH QUALITY

Th e signal from Sensor 5 remained at 
the background noise value (2.2 × 10–11 
A—Figure 3) throughout the experiment. 
Th e low signal is an indication of the high 
quality of coatings on the sensing elec-
trodes. A post-test visual examination 
showed no apparent degradation of the 
coating.

COATINGS DEGRADED 

DURING MEASUREMENTS

Th e signal of Sensor 4 remained at the 
background noise value in the fi rst 16 h 
(Figure 3) of immersion and suddenly 
changed by approximately two orders of 
magnitude (from 1.8 × 10–11 to 3 × 10–9 
A). Th is abrupt change was apparently 

caused by a rapid degradation, such as the 
cracking of the coating on the sensor elec-
trode. A similar sudden increase occurred 
on Day 5. After the 7 days of immersion, 
a visual examination of the sensor elec-
trodes verifi ed the failure of the coating. 
A small peeling-off  area was noted. Th e 
signal change caused by the abrupt coat-
ing degradation appeared to be diff erent 
from the response of a sensor with already 
damaged coatings. Th e signal from the 
coating-damaged sensor increased instan-
taneously and by a large degree after the 
immersion. Th is behavior was also evident 
from the response of Sensors 1 and 2 at 
the start of the measurement on Day 1 
(Figure 3) and the response of Sensor 4 
upon the second immersion on Day 7 
(Figure 3). In contrast, the response to 
degradation did not always happen im-
mediately after the immersion because the 
degradation usually took some time to 
develop.

COATINGS WITH POOR 

INITIAL QUALITY AND DURING 

MEASUREMENTS

Th e response of the signal from Sensor 
3 is between those of Sensors 6 and 4; 
there were both an initial gradual increase 

Currents from the different electrodes and the potential of the coupling joint of Sensor 2 during 
the initial 7-day measurement. Most of the coating-damaged eight electrodes acted as anodes, 
except Electrode 7, which became a cathode on Day 5.

FIGURE 5
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and then further changes after the signal 
was stabilized. The initial change was 
caused by either the poor quality of the 
paint or by minor initial defects; the sub-
sequent increase was attributed to the 
degradation of the coating during the im-
mersion test. Even though the signal was 
signifi cant, no visually detectable coating 
damage could be observed at the end of 
the 17-day test period. Th is underscores 
the signifi cance of real-time monitoring, 
which enables warnings of coating failures 
or defects long before they can be visually 
detectable.

Conclusions
Th is experiment demonstrated that 

coupled multielectrode sensors are eff ec-
tive online tools for monitoring the per-
formance of protective coatings on CS 
surfaces. Th e measurement was in real-

time and the signal changed as the deg-
radation took place. Because of their high 
sensitivity, the sensors had the ability to 
give early warnings long before the failure 
of the coatings was visually detectable. 
Th e high sensitivity of the sensors used 
in this technique also enabled the dis-
criminative evaluation of coatings with 
diff erent qualities. Th us, the sensors are 
also ideal and quick tools for screening a 
prospective coating on a particular metal 
surface or for a particular application. 
Because multiple electrodes were used in 
the measurements, the coupled multi-
electrode sensors off ered a high degree 
of reliability in detecting the quality or 
the degradation of coatings on CS 
materials.

References
1. G.H. Koch, M.P.H. Brongers, N.H. Th omp-

son, Y.P. Virmani, J.H. Payer, “Corrosion Costs and 

Preventive Strategies in the United States,” FHWA 

Report, FHWA-RD-01-156, 2001.

2. L. Yang, N. Sridhar, O. Pensado, D.S. Dunn, 

Corrosion 58, 12 (2002): p. 1,004.

3. L. Yang, R.T. Pabalan, L. Browning, G.C. 

Cragnolino, “Measurement of Corrosion in Satu-

rated Solutions Under Salt Deposits Using Coupled 

Multielectrode Array Sensors,” CORROSION/2003, 

paper no. 426 (Houston, TX: NACE International, 

2003).

4. C.S. Brossia, L. Yang, “Studies of Microbiolog-

ically Induced Corrosion Using a Coupled Multielec-

trode Array Sensor,” CORROSION/2003 paper no. 

575 (Houston, TX: NACE, 2003).

5. L. Yang, N. Sridhar, “Coupled Multielectrode 

Online Corrosion Sensor,” MP 42, 9 (2003): pp. 

48-52.

6. http://www.corrinstruments.com.

Th is article is based on CORROSION/2004 

paper no. 33, presented in New Orleans, 

Louisiana.

XIAODONG SUN is a Senior Engineer at Corr 
Instruments, LLC, 11215 Jade Spring, San 
Antonio, TX 78249. She has worked in corro-
sion monitoring for more than 15 years. She 
has been involved in the development of hard-
ware and software for corrosion monitoring in 
laboratories and plants. She has a B.Sc. in 
metallurgy and an M.ScE. in chemical engi-
neering.  Vi

si
t u

s 
at

 N
AC

Ex
po

/2
00

5 
Bo

ot
h 

51
1!

— Next Month in MP —

Focus On Corrosion in the 
Refi ning Industry

Study of the Corrosiveness of 
Acidic Crude Oil and Its Factions

Computerized Multiplex 
Corrosion Management

Comparison of Reactive and 
Refractory Metals in Selected 

Aqueous Environments

Barrier Properties of 
Two Protective Coatings

Fiber-Reinforced Plastic 
Equipment of Waste 
Incineration Gases

Special Feature:
Crude Distillation Unit 

Overhead Corrosion Models: 
A NACE Solution

MARCH 2005 MP pp 1-58.indd   32MARCH 2005 MP pp 1-58.indd   32 2/14/05   3:13:09 PM2/14/05   3:13:09 PM



March 2005 MATERIALS PERFORMANCE 33Visit us at NACExpo/2005 Booth 1614!

MARCH 2005 MP pp 1-58.indd   33MARCH 2005 MP pp 1-58.indd   33 2/17/05   8:10:10 AM2/17/05   8:10:10 AM


	NACE Home Page
	FAQs
	Search Site
	Search Document
	2005
	March 2005

	Return to MP Online



