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THE  USE  OF  ELECTROCHEMICAL  IMPEDANCE 
SPECTROSCOPY  (EIS)  AND   ELECTROCHEMICAL  NOISE 
ANALYSIS (ENA)  FOR  MONITORING  OF  BIOCORROSION 

Dr. F. Mansfeld*. Mr. H. Xiao and Mr. Y. Wang 
Corrosion and Environmental Effects Laboratory (CEEL) 

Department of Materials Science and Engineering 
University of Southern California 

Los Angeles, CA 90089-0241 

Abstract 

The use of electrochemical impedance spectroscopy (EIS) and 
electrochemical noise analysis (ENA) for non-destructive evaluation of 
corrosion processes is illustrated for three model systems.   EIS can be 
used to detect and monitor localized corrosion of Al alloys and determine 
pit growth laws which can be used for lifetime prediction purposes. 
Electrochemical potential and current noise data can be analyzed in the 
time and the frequency domain. A comparison of noise data obtained for 
Pt and an Al 2009/SiC metal matrix composite (MMC) exposed to 0.5 N 
NaCI has shown that the use of potential noise data alone can lead to 
misleading results concerning corrosion kinetics and mechanisms.   The 
electrochemical noise data have been evaluated using power spectral 
density (PSD) plots in an attempt to obtain mechanistic information. The 
system Fe/NaCI has been used to determine the relationship between 
the polarization resistance Rp obtained from EIS data and the noise 
resistance Rn determined by statistical analysis of potential and current 
noise data.   Potential and current noise can be recorded simultaneously 
allowing construction of noise spectra from which the spectral noise 
resistance R°sn can be obtained as the limit for zero frequency.   Good 
agreement  between  Rp, Rn and R0

sn has been observed for iron 
exposed to NaCI solutions of different corrosivity.   For polymer coated 
steel exposed to 0.5 NaCI for five months analysis of EIS data allows to 
draw conclusions concerning the degree of disbonding of the coating 
and the decrease of the coating resistivity with exposure time.   Rn and 
R°sn obtained from electrochemical noise data for an alkyd coating on 
cold rolled steel agree with each other and show the same time 
dependence as Rp and the pore resistance Rpo determined from EIS 
data, but are significantly lower than Rp and Rpo.  The relationships of 
derived noise parameters such as Rn and R0

sn to coating properties and 
to the remaining lifetime of a polymer coating are not clear at present. 
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Introduction 

äössigs"«»«MS 
quantitative results in cases of J^nf £^ 
give average readings for the surface of a jst elertro^ a 

electrochemical impedance spectroscopy  E IS) have been sno 

—Sää ^7S{S bras; localized phenomena in areas such as MIC > is des.rab^ppy 
studies of pitting and crev.ce corroson with the»aim^"^9 other 
corrosion processes through measurements of pit growm raie 
parameters uniquely related to localized corrosion. 

Another new technique is electrochemical noise analysis (ENA) 
which is considered by some as the ideal too   or the study o located 

"ernal signal has to be applied to ~«^«e f £rr^Ä 
very few studies have demonstratedI that local.zed^corros 
detected and analyzed quant, at.vely py ENA^ a system ™ 
previous information concerning its corrosion meellarusm  s 
=5o far ENA has been used mainly to detect tne onset ui ^ 
coVosion and to monitor its progress in ^^^orcon^ernfnglyTe 
work at CEEL is devoted to comparisons, of '"f oration concern ng yp 

and rates of localized corrosion ProcesJe
F

s
M^a

c^rr0sion monitoring 
Fi«? and ENA and to evauate the use of ENA as a corroson |'"'"^   « 
fool Slppteattons such as MIC.  In the «• **^r^ 
and ENA to three corrosion systems will be a scusseu u. u 
a

demoEnsUa»'e0 this approach    While the results ,—^L   £l 
been obtained in abiotic solutions, theyjstill tatrate me exp 
approach taken in applications of EIS and ENA and torm me «■ 
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future projects to be carried out by the authors in which these techniques 
will be applied in evaluation of MIC phenomena. 

Experimental Results and Discussion 

Materials and Methods 

Materials and Test Solutions. In the study of pitting of Al-based 
materials impedance spectra were obtained for Al 6061 exposed to 0.5 N 
NaCI. Electrochemical noise data were determined for an Al 2009/SiC, 
T-8 metal matrix composite (MMC) containing 20% SiC particles and for 
pure Pt in the same solution. Comparison of EIS and ENA data for pure 
Fe (99.999 %) were carried out in three solutions of NaCI with different 
corrosive The study of polymer coated cold-rolled steel with Elc and 
ENA was earned out in 0.5 N NaCI for two different coating systems. 

Methods. EIS data for Al 6061 were determined with a three- 
electrode system using Solartron model 1186 or 1286 potentiostats and 
a Solartron model 1250 frequency response analyzer (FRA). Impedance 
spectra were analyzed using the PITFIT software [6]. Potential and 
current noise data for Al 2009/SiC and pure Fe were determined 
sequentially for a two-electrode system using a Solartron model 1286 
potentiostat as a ZRA and a HP model 3475A voltmeter. The noise data 
for Al 2009/SiC data were collected over a 4096 sec. time period with a 
sampling rate of 2 points/sec, while the data for pure Fe were collected 
during a 500 sec. time period. Noise data for pure Fe were also collected 
simultaneously using two digital voltmeters (HP 3457A and 3478A) and 
software developed at CEEL as described elsewhere [7,8]. The same 
technique was used for the evaluation of two po.ymer coatings on cold- 
rolled steel. EIS data were collected for the same two-electrode system 
after each noise measurement which was carried out for 1024 sec and a 
sampling rate of 2 points/sec. 

1.       Localized Corrosion of Al Alloys and Al-Based Metal   Matrix 
Composites. 

Mansfeld and co-workers have demonstrated that the pitting 
model shown in Fig. 1 can be used to determine pit growth rates from 
impedance spectracoifected at the corrosion potential ECOrr [6.9]- Cp and 
Rp refer to the passive surface, "tiile Cpjt, Rpit and W are properties of 
active pits. Fig. 2 shows experimental data for Al 6061 in the untreated 
condition (Fig. 2a and b) and after surface modification in the Ce-Mo 
Process which produces excellent resistance to localized corrosion (Fig. 
2c) [10,11].  This is demonstrated by the capacitive nature of the Bode 
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plots in Fig. 2c, the very high values of Rp and the lack of change in the 
impedance  data  during   exposure  to  0.5   N   NaCI   tor  du  aays. 

R* 

3- 

Rp/(1-F) 

Cp(l-F) h 
FCpit 

Rpit/F W 

0sFil,W = (K7F)üa)',n<0 

Fig. 1.   Pitting model for Al alloys 

10< 101 

•^.1 

Fin 2 Impedance spectra for untreated (Fig. 2a and b) and 
modified (Fig. 2c) Al 6061 with different exposure times 
NaCI 

surface 
in 0.5 N 

4- 



Determination of pit growth rates for the untreated samples requires 
calculation of the specific pit polarization resistance R°prt = Rpit x Apit from 
the fit parameter Rpit and the pitted area Apit as a function of exposure 
ti Xnit = 2FA is calculated from the time dependence of the area 
fraction F at which pitting occurs (Fig. 1) and the total area A assuming 
hemispherical pits [12]. Fig. 3 shows the time dependence of Rpit (Fig. 3 
a) and Anit (Fig. 3 b) for two samples of Al 6061 with different surface 
preparation (as-received vs. polished). Pit growth rates vpit have been 
expressed as [11]: 

Vpit = a(t -10) (1). 

where t0 is the time at which pits were first observed an^ a and b 
parameters which have to be determined experimentally. 

Since vpit is proportional to 1/R°pit, Eq. 1 can be written as: 

log (1/R°Pit) = log a' + b log (t -10) ^ 

in order to apply the experimental impedance data, i.e. R°pit- 

are 

10* 

E 
a 

a 
« 

10" 

Ai-r»etiv«d 
Pollshtd 

10.0 

8.0   h-     —o—Polish« 
—:—Aj-r»c«lv»d 

d 

6.0 

O.    4.0 
< 

12 * 8 

Exposure   time   (days) 

18 

2.0 

0.0 
4 8 12 

Exposure   time   (days) 

16 

Fig 3    Time dependence of Rpit (Fig. 3a) and Apit (Fig. 3b) for untreated 
(as-received vs. polished) Al 6061 exposed to 0.5 N NaCI 
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Experimental results for «««J^J^Ä 
shown in Fig. 4 where P%°"Zofc^T»7eMwe<i in log - log 
< 1 dav)   Straght ines with a slope closeio   i WB'B» ,   -    ., 
^sTit growth rates were higher tenas-rece.e   sample (Rg^ For Al 
2024, 6061 and 7075 exposed to 0.5j N NaQ it was (ers       a, 

Lrre'nt^rrfedTndeVI^I^ 
$M Ä Srbe

ais^ShÄn9prePdic,ions dased on 
short-time laboratory investic,:tions. 

£ 

o. 

0l.|   (1/B'piO   -   •'•■"   •   13*   U'   ' 
■ Io,   (1/rfpii)   •   -2-38   •    I'2   "«   ' 

Fig. 4.   Time dependence of  1/R°pit 

log   t   (t   In   dsyi) 

for untreated (as-received vs. 

polished) Al 6061 exposed to 0.5 N NaCI 

Table Parameters iog a', b and to in pit growth law for Al alloys 
  I 

r                          Alloy                         log a' 

-3.00 

b          | 

-0.99       | 

tp (days) 

>25        ! 
Al 7075-T6/passivated in CeCI3 

I Al 7075-T6/polished  ■ 1.50        | 

-1.93 

-1.84 

-1.35 

VI      VI -1.07 
I Al 7075-T73/as-received 

Al 7075-T73/deoxidized 
I        -1.11 — '        ' 

1 Al 6061-T6/as-received -1.77 -1.34 s 1       I 

Al 6061-T6/polished -2.36 -1.35 ^ 1      ! 

Al 6013-T6/as-received -1.89 

-2.28 

-0.86 s 1      I 

>30 
|AI 6013-T6/modified by Ce-Mo 

-1.25 

I'                             —  
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Flsctrochemical noise data have been obtained in the time 
domain as XS and current noise for an Al 2009/SiC MMC during 
Sure to 0 5 N NaCI (open to air).   For comparison, noise data have 

sfbeen collected for Pt in the same solution.    Fig. 5a shows   he 
tentia? noise data obtained during the first day of immersiori during 

which Pits initiated on the MMC which is very susceptible to localized 
co osi      The'noise data in Fig. 5 were normalized toRemove the drift.f 
the mean value during the measurement time.   The po ential noise 
uÄns were of similar magnitude for both mater,as (Fjg 5a . 

However, the current noise were very large for the MMCJ^.^5™" 
to? R (Fig. 5b). The potential noise fluctuations for Pt which ,s inert and 
has a poorly biased open-circuit potential, are considered due to minor 
hinge   in the mass" transport conditions during the measurement 

Obviously, only the current noise fluctuations are ^^f.^f^ 
corrosion phenomena.    The experimental da'a in ^fj^.^ 
analyzed using power spectral density (PSD) plots.   For  he Potential 
noise data similar dc limits were observed in the PSD plots for both 
materials (Fig. 6a).   The slope in the linear region of the PSD plo  was 
about - 20 dB for the MMC, while a more complicated frequency 
dependence was observed for Pt.   In the current PSD plot the de   mit 
was very low and close to the background noise of the potentiostat for Pt 
while it was very high for the MMC. The slope in the linear region for the 
MMC was about - 15 dB.   These results show that measurements of 
potential noise alone can be misleading in terms of evaluation of the 
(localized) corrosion behavior. 

I   , :/yr- 

Al/SiC 

Time (sec, 

sec '»» 
Time (sec.) 

Normalized potential noise (Fig. 5a) and current noise (Fig. 5b) 
data for an Al 2029/SiC MMC and Pt exposed to 0.5 N NaOl. 
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Frequency (Hz) 
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6        Potential (Fig. 6a) and current (Fig. 6b) PSD plots for Al 2009/SiC 
MMC and Pt exposed to 0.5 N NaCI (data of Fig. 5) 

Fig. 7 shows potential and current PSD plots ^ the A^SiC 
MMC exposed to 0.5 N NaCI for 14 days   The pot nja PSD plots d^ ^ 
change much with exposure time (Fig. 7a).   AöCimn 
the lowest frequencies and a linear portion in the PbUo y^ 

frequencies with a slope of about - 20,d?CCDntiaHv the same features. 
times.   The current PSD plots displayed essen«y Je ^me ^ 
however the dc limit, which is ^obe™w ^ 
localized attack, decreased sharp y ^^^^^ data agree with 
about -15 dB (Fig. 7b) ^e results from the ^ ren^noise da ^ g^ .p 

the observation based on EIS data hat to      SM      £     y tjme 

the earliest stages of exposure, b  /nf™X 
Attempts to correlate the characteristic para,Tie«ersrthe £a    P        ^. 
as dc limit, roll-of frequency and slope (Fig^6 and /   win 
Type of the corrosion reaction have been made [13L   In^adm     .   ^ 
n^ise resistance Rn defined as the> rat.o^ th    f "d^0

d
w

ev
the time 

potential and current noise data has been usea tu 
dependence of localized corros.on processes for Al alloys ana « 

MMCs. 
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Frequency (Hz) 
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0.01 

Frequency (Hz) 

Hg. 7.    Potential  (Fig.  7a) and current (Fig.  7b)  PSD plots for Al 
2009/SiC MMC exposed to 0.5 N NaCI for 14 days. 

2-       Iron Exposed to NaCI Solutions of Different Corrosivity 

This model system has been used to evaluate the relationship of 
RP determined by EIS with the noise resistance Rn obtained from ENA 
[7,8]. The noise resistance Rn is defined as the ratio of the standard 
deviation of the potential fluctuations (cr{V(t)}) and the standard deviation 

of the current fluctuations (o{l(t)}) determined from electrochemical noise 
data [13]: 

Rn = o{V(t)}/a{l(t)} (3) 

7 
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Fiq 8 shows the time dependence of the mean values of Ecorr 

while the9 mean values of the coupl^g current^P'^ ^° £ 
pure iron exposed to 0.5 N NaCI which was saturated w.m a ^ 
Sr contained 10 mM NaN02: as mh,b.torntj^f ^ ^'electrodes 
reference electrode (SCE   as |ne poteniiai u coupling 

Fig. 8. 

-100 — NaCl/air 

+ NaCI/N2 

* NaCI/NaN02 

6 12 18 

Exposure Time (hours) 

Time dependence of the mean value of Ecorr tor iron 
exposed to solutions of different corrosivity. 

6 12 

Exposure Time (hours) 

18 24 

Fig. 9. 
Time dependence of the mean value of the coupling 
current for iron exposed to solutions of different 
corrosivity. 
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output [7,8]. The a{V(t)} and c{l(t)}) data are plotted as a function of 
exposure time in Fig. 10 and 11, respectively. The time dependence of 
Rn determined according to Eq. 3 is shown in Fig. 12. Rn had the highest 
values for the inhibited solution and the lowest values with the most 
pronounced fluctuations for the NaCI solution open to air. It will be noted 
that the values of o{V(t)} (Fig. 10) are the highest for the solution with the 
lowest corrosivity (Fig. 12) for which very low values of o{l(t)} were 
recorded. This result shows again that potential noise data alone cannot 
be used to determine corrosion kinetics and mechanisms. 

100f 

10 

9 
E, 

> 
en 
e 

0.1 

— NaCl/air 

+ NaCI/N2 

* NaCI/NaN02 

100 

0.01 
6 12 18 

Exposure Time (hours) 

24 
0.01 

Fig. 10.   .Time dependence of o{V(t)} for iron exposed to solutions of 
different corrosivity. 
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100 — NaCI/air 

+ NaCUN2 

* NaCI/NaN02 

100 

0.01 
6 12 18 

Exposure Time (hours) 

Fig. 11.    Time dependence of o{l(t)} for iron exposed to solutions of 
different corrosivity. 

jjK 

1,000,000 

100,000 

e 
sz 
o 

10,000 - 

<£ 1,000 

100 

6 12 

Exposure Time (hours) 

24 

Fig. 12.    Time dependence of noise resistance Rn for iron exposed to 
solutions of different corrosivity 
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At the end of the 24 hour exposure time EIS data were obtained 
for the three systems. From these data the polarization resistance Rp 
was obtained by fitting to a simple one-time-constant model. Satisfactory 
agreement between Rp and Rn was observed (Table II). 

Table II.   Comparison of Rn and Rp for three different test environments 

1 
1 open to air deaerated (NJ inhibited (NaNOJ   | 

Rn(KQ) 0.8 8.3 54.7 

Rp(KQ) 1.6 15.9 22.1               | 

Recently, a new experimental approach has been introduced 
which allows simultaneous collection of potential and current noise [7,8]. 
From these data Rn can be obtained, but it is also possible to construct 
noise spectra in which the spectral noise data are plotted as a function of 
frequency after transformation of the experimental data from the time 
domain into the frequency domain using FFT. The ratio Rsn = V(f)/I(f) of 
tne values for potential V(f) and current noise l(f) at each frequency is 
recorded from which the spectral noise resistance R°sn can be 
determined as the limit of Rsn(f) for zero frequency: 

R°: sn = um {Rsn} 
f->0 

(4). 

M ~, Fig- 13 snows noise spectra for iron exposed for 1 and 24 h to 
NaCI with and without NaN02. For the uninhibited solution Rsn is low 
and independent of frequency, while for the inhibited solution a slope 
close to -0.5 is observed. A comparison of Rp, Rn and R°sn is given in 
•able III for the two solutions. Satisfactory agreement between Rp 

obtained from EIS and Rn and R°sn obtained from ENA is observed. It 
nas to be emphasized that a theoretical analysis of the relationship of Rn 

*nd R°sn to Rp and (localized) corrosion rates does seem not exist at 
Present. 

/3 
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3.       Polymer Coatings on Steel 

One of the most successful applications of EIS is the evaluation of 
the properties of polymer coatings on metals and their degradation with 
exposure time to corrosive environments which leads to corrosion at the 
metal/coating interface [4,5]. Mansfeld and Tsai [5,15,16] have shown 
that the fit parameters obtained for the coating model or certain 
parameters measured in the high-frequency region can be used to 
monitor coating degradation. For an alkyd system (CR 2) on cold-rolled 
steel exposed to 0.5 N NaCI, it was shown that initially the main 
degradation process was disbonding of the coating, while at longer 
exposure times the coating resistivity decreased as conducting paths 
developed [5,16,17]. Fig. '4 shows the tirr.a dependence of the 
delamination ratio D = Ad/A, where Ad is the delaminated area and A the 
total area, calculated as the average value from three parameters (Cdi, 
fb/fmin and Omjn) obtained from the analysis of the impedance spectra in 
Fig. 15 [5,17]. These parameters are identified in the model for polymer 
coatings and a theoretical impedance plot in Fig. 16. It was assumed that 
D = 10"4 after 32 days. D increased by a factor of thirty during immersion 
for four months. In Fig. 17, the parameter fb/(fmin)2 = 27rdpC°di = kp is 
plotted which can be used to determine changes of the coating resistivity 
p assuming that the coating thickness d and the specific double layer 

capacitance C°di remain constant during exposure. For d = 25 u.m and 
C°d| = 30 u.F/cm2 a decrease of p from about 2.1010 ohm.cm to 3.107 

ohm.cm is estimated between one and five months exposure for CR 2 
[5,17]. These results demonstrate that EIS is capable of detecting 
localized corrosion phenomena such as disbonding of the coating and 
initiation of corrosion at the metal coating/interface as well as 
deterioration of the polymer coating and loss of its protective properties. 
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Fig. 14. 

Time(day) 

Time dependence of the averaged delamination ratio D for 
«system CR 2 exposed to 0.5 N NaCI (open to air) 

Fig. 15.   Bode piots for CR 2 during exposure to 0.5 N NaCI 
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R„ 10JI0 210-' 10° 10' 10'10310'105 10'10710J 

log I (Hz) 

Hg. 16. Model for impedance of polymer coated steel (Fig. 16a) and 
theoretical impedance plot (Fig. 16b) 

50 100 

Exposure Time (day) 

150 

Rig. 17. Time dependence of fb/(fmin)2 for coating system CR 2 exposed 
to 0.5 N NaCI. 
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The same coating system has been studied with EN A [17]   Fig 18 
shows a comparison of expenmentelp^ 
(Fig. 18b) noise data for CR 2 at^posure Ume^OT tective coati 

can be seen that the potentia fluctiat^ns for ;h ^n at longer times (Fig 
are much larger in the ear y stagfp

s
nfflSations a^e much smaller on the 18a). On the other hand the cu rent » 

28th day than on the 130th day^f^f^^e levels decrease and 
evaluation of noise data sh°ws ^ • pn

0t^IdeT Similar observations 
current levels increase as  he coa .ng ^des    wm 
were made by Skerry et al 14]   For the more prctec n/,   p   y ^ 
coating (CR 9) no systematic changes of the noise iev 

observed [17]. 
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Rg. ,8.    Experimental potential (Fig. I«—**S 
18b) for coating system CR 2 after tu ana IOU uay 

to 0.5 N NaCI. 
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/PD nw|Se SpeCtra f0Ithe alkyd coatin9 <CR 2) and the epoxy coating 
(CR 9) after exposure for 28 and 130 days are shown in Fig. 19    In all 
cases Rsn is independent of frequency with higher values for CR 9 for 
which no indication of deterioration and/or loss of corrosion protection 
was observed.   The resistive parameters obtained from statistical and 
spectral noise analysis are plotted in Fig. 20.   For CR 2 Rn and R° 

tTJZl With timw',Whi,e u°r CR 9' Rn and R°sn remained at much 
higher values and did not change significantly with time indicating that 

oSlons^ll]003^9 had n0t 0CCUrr8d in a9reement with Pilous 

10' 
-CR-2  (28  diy) 

io9  4—CH'2 (,30 d*y) 
^-o-CR-9  (28  dly) 

10°   -]" CH'9 ('30 d,yl/ 

107    -J 

10° 

10 

10" 

5     - 

io3 -; 

10' 

.001 

-  : •, i       si       !       I    ,    • 

rTT~ 

.01 

-T-r-rrp 

Frequency (Hz) 

Hg. 19. Spectral noise plots for coating systems CR 2 and CR 9 after 
exposure to 0.5 N NaCI for 28 and 130 days. 

10" 

107 

E"  IO6  -J 
o 

=    105 
«A 

a: 

•   104 

103   -J 

10' 

u 100 

Exposure Time (day) 

150 

Fig. 20.    Time dependence of Rn and R°sn for CR 2 and CR 9. 
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m Fin  pi the same time dependence of Rn and R°sn obtained 

fndeR      A comparison  oTthe results obtained with EIS and EhTA 

tmnSts that more detailed information concerning loss of corrosion 
SonS «m'can be obtained from EIS by anay,ngte Chang. 

„, individual fit P"^s
aS

wft ^eÄe of the9coa,ing, 
feÄ ÄeSy'a^ grease of fhe delaminated area, 

respectively [5,15,16]. 
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Fig 21.     nme dependence of R„, Bpo. Rn and R°sn for corting system 
CR 2 exposed to 0.5 N NaCI 

The coatinas CR 2 and 9 together with 10 other coating systems 
will be evaluatedTuhher in a joint 'project with J. f^f^Z 

?EM%SEM) bv ELittle and co-workers to determine the structure o the 
bio^lmUocÄ of bacteria and damage to the polymer coat ng 
Samples exposed by J. Jones-Meehan and co-workers to different 



colonies of bacteria will be evaluated by EIS to determine changes of 
coating properties and the extent of corrosion at the metal/coating 
interface and by ESEM. 

Summary and Conclusions 

Both  EIS and ENA can be used to obtain  important kinetic 
information for different corrosion systems.   At the present state of our 
understanding of ENA it seems that more detailed information can be 
derived from EIS data which are collected in a very wide frequency 
range.  This conclusion has been reached from the analysis of EIS and 
ENA data for three different systems:   AI/NaCI   Fe/NaCI and polymer 
coated steel/NaCI. Analysis of EIS data for polymer coated medals allows 
estimation of water uptake of the coating from the increase of Cc with 
time, decrease of coating resistivity, degree of disbonding of the coating 
and initiation of corrosion at the metal/coating interface based on the 
parameters shown in Fig. 16a and b.   Electrochemical noise data are 
typically observed only for f < 1 Hz as shown for the three examples 
presented here.   Analysis of noise data by statistical methods results in 
Rn, while from spectral analysis R°sn can be obtained.   While Rn and 
R°snhave shown similar changes with time as Rp and Rpo for a polymer 
coating with relatively poor performance, their numerical values are 
much lower than those of Rpo and Rp.   Both Rn and R°sn remained at 
much higher values for the coating with excellent performance than for 
the coating with poorer performance. 

The advantages of ENA are the low cost of equipment and the 
relatively simple methods for data collection which makes this method 
very attractive for corrosion monitoring. A disadvantage at present 
seems to be the difficulty of data interpretation. Further research 
concerning the correlation of potential and current noise with different 
phenomena occurring during localized corrosion is needed. Eventually, 
the main application of ENA might be found in corrosion monitoring using 
the simple statistical approach leading to Rn or more complicated 
analyses in the frequency domain in the form of PSD plots resulting in 
parameters related to corrosion phenomena or of spectral noise analysis 
leading to R°Sn- 

More information concerning the application of EIS and ENA to 
MIC will become available in a project funded by the Office of Naval 
Research in which 12 different polymer coating systems will be exposed 
to natural seawater for six months periods at two locations and to 
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different colonies of bacteria. The experimental approach to be taken 
be similar to that described above. 
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