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INTRODUCTION 

C 
onducting polymers were rediscovered in the late 
1970s, giving material scientists the ability to corn 
bine the important  electronic and optical proper- 

ties of semiconductors and metals with the mechanical 
properties and ease of processing associated with poly 

1 reefs. The interest in the s tudy of conducting polymers 
2.3 has increased dramatically over the past 15 years. ,  The 

advantages of using conducting polymers are that they 
are light weight,  inexpensive and more recently easily 
processable. 4 The electrical conductivity in these poly- 
mers is considered to be intermediate between semi 
conductors and metals. The conductivity ranges from 1 
1000 S/cm. These properties make conducting materials 
ideal candidates for use in electronic devices, switching 
devices, rechargeable batteries, sensors, and corrosion 
inhibitors. 

Intrinsically conducting polymers (ICEs) have been 
identified as novel corrosion inhibiting coatings for met 
als. 5 Intrinsically conducting polymers are defined as 
"polymers that conduct electric currents wi thout  the 
addit ion of conductive (inorganic) substances. "6 Among 
all the conductive polymers studied so far, polyaniline is 
the first to achieve commercial availability. 

Eolyaniline is the oldest known synthetic organic con- 
ducting polymer. It was first reported in 1862, by  H. 
Letheby in the Journal of the Chemical Society. There was 
little interest in polyaniline until the late 1970s when  
there was a sudden  resurgence in polyanilines research/  
Polyaniline has been used in rechargeable organic bat 
teries, electrochromic display devices, modified elec- 
trodes and as a microelectronics device, a Polyanilines 
are relatively easy to synthesize and can be prepared 
either chemically or electrochemically. 9 

Standard coating systems for metal protection incor- 
porate more than one type of coating system. 5 A corn 
mon  first step in any coating process is usually the appli 
cation of a corrosion inhibitive metal oxide such as chro- 
mate or molybdate on the surface of the substrate. The 
next step is the application of a primer which contains 
corrosion inhibitors that cathodically protect the metal 
substrate, for example, a zinc rich primer. The final step 
is usually the application of a barrier coating which 
shields the primer coating from the environment.  The 
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T h e  use of oxides, such as chromates, is highly 
effective in corrosion protection. Scientists are 
looking at alternative materials to replace envi- 
ronmentally hazardous materials, e.g., chromates. 
One of the group of materials identified as corro 
sion inhibiting are intrinsically conducting poly 
m e r s .  

This paper focuses on the use of ICEs as a 
possible corrosion inhibitive substance. This 
paper also reviews literature on the research of 
different groups on the use of polyaniline and 
other conducting polymers as corrosion inhibi- 
tors. Intrinsically conducting polymers, espe- 
cially poly aniline, are being studied with great 
interest. Studies indicate that they have the 
potential of replacing some of the currently 
available materials. 

use of oxides such as primer chromates are highly effec- 
tive, but pose potential environmental  hazards. 

This paper focuses on the use of ICEs as a possible 
corrosion inhibitive substance. ICEs such as polyaniline, 
polypyrrole, etc., conduct electrons due to the presence 
of conjugated double bonds in the structure. The high 
electron mobility in conducting polymers is due to the 
fact that in a conjugated system of electrons, consider 
able delocalization of the electrons is achieved along 
with polymer chains. 9 

ICEs are believed to passivate metals by  forming a 
protective oxide on the surface of the metal, thereby 
reducing corrosion. 5 DeBerry was the first to indicate the 
use of a conducting polymer in corrosion inhibition} ~ 
One of the key features that he suggested was the possi 
bility of the protection of the substrate where defects in 
the coatings existed. The basis for this argument  was 
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that, since ICPs are conductive, the entire coating would 
act to passivate any area of the exposed metal. 5 

ICPs are technologically important because of the fol- 
lowing properties. Polyaniline is considered to be a syn 
thetic metal. While its specific conductivity and the tern 
perature dependence of its conductivity are considered 
semi-metallic, properties such as thermopower fall in 
the metallic region. The mechanism of conductivity in 
polyaniline is electronic in nature, which is analogous to 
the mechanism in metals. Polyaniline can be solution 
processable, a very important characteristic not avail 
able with most other conducting polymers. Polyaniline 
is green in its doped form and can change color when 
exposed to a variety of substances. The 'doping' process 
creates charge carriers by adding electrons to the con 
duction band or removing electrons from the valence 
band of the polymer. Doping can be carried out either 
with a gaseous dopant, with the dopant in solution, or 
by electrochemical oxidation or reduction. Polyaniline is 
a reactive polymer, but as a metal it is more noble than 
iron or copper. It can undergo reproducible chemical or 
electrolytic "switching" between the different conduct 
ing states of the polymer. 

Considerable interest has been generated in the re- 
search of potential applications for polyaniline. Some of 
the possible applications foreseen for this polymer are 
EMI shielding, preparation of dispersions of polyaniline 
in organic solvents to produce transparent ultra-thin 
layers on different substrates, electrically conductive sur 
face coatings, electronic functional layers, corrosion pro- 
tection, sensors, membranes for gas separation, trans- 
parent electrodes, smart windows, and electrochromic 
displays. This paper reviews literature on the research of 
different groups on the potential use of polyaniline and 
other conducting polymers as corrosion inhibitors. 

Conducting Polymers and Corrosion 

DeBerry and Viehback 1~ were among the first to re 
port the possibility of using polyaniline as an electroactive 
coating on active/passive metals. This electroacfive coat- 
ing, they claimed, maintained stainless steel in the pas 
sive state potential region. The passive film behaved like 
a very non-ideal semi-conductor with respect to charge 
t ransfer  med ia t ion  be tween  the metal  and the 
electroactive film. Anodically deposited polyaniline films 
were able to protect steels in a sulfuric acid medium by 
main ta in ing  the metal  in the passive state and  
repassivating the damaged areas. 

In another paper n DeBerry discussed the modifica- 
tion of the electrochemical and corrosion behavior of 
steel using an electroactive coating. He used polyaniline 
as the primary electroactive material in preparing coat 
ings for 400 series stainless steels. The advantage of 
polyaniline was its effective use in acidic environments. 
Hydrogen ion is the preferred counter ion for polyaniline 
since it maintains its electoneutrality during electron 
transfer. He reported rates of corrosion of 3.1 x 104 ~xm/ 
yr for bare stainless steel and less than 25 ~tm/yr for 
polyaniline coated stainless steel specimens. The coat 
ings removed from the deposition bath were initially 
blue-black in color. On placing the sample in an acid 

environment, the coating color changed to green. The 
open circuit voltage decreased from 0.6V to 0.2V when 
the color change was observed, n As the electrode failed, 
the color change became a lighter green and became 
transparent before becoming active. Extended exposure 
led to disbonding due to the evolution of hydrogen. Bare 
stainless steel specimens became active in minutes when 
placed at open circuit voltage in an acid solution. 
Polyaniline coated samples remained passive for several 
hours before becoming active. 

Corrosion measurements of polyaniline coated steel 
panels in a solution containing 0.2M NaC1 and 0.2M 
H2SC) 4 showed unusual oscillations at the open circuit 
potential. When the solution was changed to only 0.2M 
H2S�9 4, the oscillations stopped. The interpretation given 
was that for the coated electrode, the passive film peri- 
odically underwent partial breakdown in the "acidic 
chloride" solution. The passive layer was then reformed 
with the dopant acid of the polyaniline. Visual observa 
tion of this effect was the change in color of the elec- 
trode. The color of the electrode changed from clear to 
pale green. After repassivation, the color changed from 
green to dark green. He thus showed that stainless steel 
electrodes coated with thin films of polyaniline remained 
passive for long periods of time in acid solutions. N. 
Ahmad et al. 12 reported that steels coated with the 
emeraldine base form of polyaniline had the capability 
of anodically passivating steels in certain corrosive envi- 
r o n n l e n t s .  

Smyrl et al. 13,14 describe a method to stabilize the 
potential well of the metal in the passive region when it 
is covered with an oxide film using electroactive coat 
ings. They demons t ra te  the feasibi l i ty  of using 
electroactive coatings in corrosion protection. They pro- 
posed that the redox polymer film would keep the po 
tential of the metal surface (covered with the oxide layer) 
between the active and trans-passive potential regions. 
The authors  electrochemically deposi ted poly(3- 
methylthiophene) on Ti/Ti�9 2 substrates by anodic 
electropolymerization. This coating was shown to con 
trol the potential of the metal in the passive region. The 
film does not remain active if the film is reduced. For 
this process to work, galvanic coupling was necessary to 
hold the potential of the metal in the passive region. The 
authors mention that oxygen reduction on the film is 
necessary to hold the potential in the required region. 
Introduction of platinum particles in the conductive poly 
met film improved the oxygen reduction kinetics. The 
oxygen reduction was fast enough to maintain the passi- 
ration current and keep the metal passive, thereby pro 
tecting it from corrosion. However, the authors state 
that the films of poly(3-methylthiophene) were not stable 
enough for long term use. Thus, the role of the conduct 
ing polymer film was to 'poise' the potential of the 
oxide-covered metal in the passive region. The conduct- 
ing polymer film does this by maintaining a current 
between the passive surface and the reduction reaction 
occurring on the surface of the polymer film. However, 
the film cannot remain active if the polymer is reduced. 
This is compensated by the oxygen reduction reaction. 
The oxygen reduction was catalyzed by incorporating 
platinum particles in the polymer film. 
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Thompson et al. 15 in a joint research effort involving 
NASA and the Los Alamos National Laboratory reported 
the use of corrosion protective coatings using electri- 
cally conducting polymers for metal surfaces. Electri- 
cally conductive polymer coatings were developed which 
imparted corrosion resistance to saline and acidic envi- 
ronments. They claimed these coatings imparted corro- 
sion resistance to the metal where scratches existed in 
the protective coating. The team of researchers studied 
several conducting polymers such as polyaniline, poly(3- 
hexyl thiophene),  poly(3-thienyl methylacetate) and 
poly(3 thienyl ethylacetate). �9 the different polymers 
studied, polyaniline was found to have the best overall 
properties and hence was selected for further study. 
Polyaniline was synthesized by the chemical polymer 
ization of aniline in the presence of an oxidizing agent 
like ammonium persulfate. The emeraldine base was 
applied from solution onto steel panels and then doped 
w i t h  spec ies  such  as p t o l u e n e  su l fon ic  acid,  
tetracyanoethylene (TCNE), and zinc nitrate. After dop 
ing, a coating of epoxy cured with an amine hardener 
was applied on top of the polyaniline coating. They 
claimed this coating had the necessary 'electronic envi 
ronment '  and 'coating toughness and resistance' to harsh 
environmental  conditions. Corrosion testing was per- 
formed in 3.5% aerated NaC1 and 0.1M hydrochloric 
acid solutions. Along with these specimens they also 
tested a series of specimens without  any conductive 
polymer present. Samples wi th  the conductive polymer 
basecoat and epoxy topcoat (unscribed) showed no cor 
rosion in 3.5% NaC1 solution after 12 weeks. The control 
sample, however, showed a significant amount  of corro- 
sion. The samples with the conductive polymer basecoat 
and epoxy topcoat (scribed) immersed in aerated hydro  
chloric acid solution showed no corrosion after 12 weeks. 
The scratched surface still appeared to be 'shiny'  after 12 
weeks of exposure. On site testing of polyaniline prim 
ers topcoated wi th  polyurethane coatings indicated that 
there was  no visual change in the coating containing the 
polyaniline basecoat. The control sample without  the 
polyaniline treatment showed significant corrosion. The 
authors recommended these coatings for applications 
on equipment  exposed to heat, sunlight, saline environ- 
merits, and other outdoor exposure concerns, coatings 
for bridges, coatings for rebar in concrete, coatings for 
underground  storage tanks, and coatings for the auto- 
motive industry. 

Beck 16 described a method of electrochemically de- 
positing polypyrolle on substrates such as a luminum 
and steel. He proposed that the heteroaromatic struc 
tures in conducting polymers allowed their use as pro- 
tective coatings in corrosion inhibition. The cited advan- 
tages of using these materials in corrosion inhibition 
were flexibility, insolubility, and adhesion to the sub 
strafes. 

Troch-Nagels et a l J  electrochemically deposited con- 
duct ing polymers  on mild steel by the electropoly- 
merization. Their aim was to coat mild steel with a 
conducting polymer which would  retard electrochemi 
cal corrosion of the metal by introducing another elec- 
trochemical reaction at the surface of the film. The poly- 
mers studied were polyaniline and polypyrolle. Several 
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electrolytes were studied for the electrochemical synthe 
sis of polyaniline on mild steel. In basic solutions, brown 
films were obtained which non-homogeneous.  The films 
were insulating and did not change when  dipped in 
sulfuric acid. This phenomenon was also observed when  
the synthesis was carried out in neutral solutions. In an 
acid solution such as 20 vol% CH3OH, 0.13M H2SO 4 and 
0.3M aniline, the films obtained were black and pow 
dery. The aniline oxidation started at 800mV/SCE. Be 
low 800mV/SCE, no films were obtained and above 
1400mV/SCE, the films did not have good properties. 
The opt imum current density was between 0.05 to 0.3 A 
dm -2. The lowest values of current density were found 
to give the best films. Since the sulfuric acid solution did 
not give the expected results, the solution was changed 
to nitric acid (0.1M HN�9 3, 0.3M aniline). With this solu 
tion, the aniline oxidation occurred at the same potential 
as for the sulfate solution and the dissolution of the 
substrate decreased. The properties of films obtained in 
nitric acid solutions were summarized as followed: 

(1) The films were powdery  even after curing at 170~ 
for 10 minutes. 

(2) SEM micrographs showed good surface structure. 
(3) Films were brittle. 
(4) Conductivities were low. 
(5) Substrate dissolution was decreased, but only mar 

ginally. 
(6) Painting of the coated substrates was not possible 

by anaphoresis (e-coat). The films obtained were insu- 
lating. 

They thus concluded that polyaniline films did not 
meet the requirements for mild steel protection and 
polyaniline did not increase the corrosion resistance of 
the substrate. Their results using polypyrolle indicated 
that it was a better candidate than polyaniline and films 
obtained in neutral solutions were sufficiently conduc 
tive to allow anaphoretic painting. The corrosion resis 
tance of the substrates was substantially increased. The 
adhesion and mechanical properties remained a prob- 
lem. Sekine et al. la also found that electrochemically 
deposited polyaniline was not very useful in corrosion 
protection. Another s tudy by Sathiyanarayan 19 showed 
that soluble poly(ethoxy aniline) acted to reduce the 
corrosion of iron in a 1N hydrochloric acid solution. 
Geskin 2~ was the first to report a successful electrochemi- 
cal synthesis of polyaniline, using a nickel substrate. In 
the absence of polyaniline, the bare metal electrode dis 
solved rapidly in an acid solution but  the rate decreased 
when  a polyanil ine/nickel  electrode was used. 

Wessling ~1 used a different approach to coating the 
metals with polyaniline. Previous studies had all tried to 
incorporate polyaniline eletrochemically. His objective 
was to coat metals such as iron, steel and stainless steel 
non electrochemically by using polyaniline dispersions 
or polyaniline containing lacquers. His initial experi- 
ments showed some improvement  in corrosion protec- 
tion, but the effects observed in a practical test such as 
salt spray were not totally convincing. The polyaniline 
used in his studies was manufactured by Allied Signal 
Company  under  the trademark of Versicon | After suit- 
able pretreatment, the polyaniline coating process was 
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Table I - -Summary of Corrosion Results for Coatings 
Incorporating Polyaniline on Untreated Steel 

Description ol Coaling Syslem Formulation Rating ol Failure D-1654 A 

Versicon | b lend in 
Po lyamide cured epoxy  .......................... PA-30 AmideB 
Polyamine cured epoxy  .......................... PA 30 AminoB 

Panda b lend in 
Po lyamide cured epoxy  .......................... Panda  30 Amide  B 
Polyamino cured epoxy  .......................... Panda-30 Amine B 
Aroflint system ........................................... Panda  30 AroG 
Acry l i c /Me lamine ..................................... Panda-30 ACMEG 
Acry l ic /Polyurethane ............................... Panda  30 ACPUG 

Panda b a s o c o d l  wilt] c lear t o p c o a t  of 
Arotl int system ........................................... PANBC+AROTO 
Acry l i c /Me lamine ..................................... 
Acry l ic /Polyurothano ............................... 

Control Systems 
Polyamide cured epoxy  .......................... 
Polyamino cured epoxy  .......................... 
Aroflint system ........................................... 
Acry l i c /Me lamine ..................................... 
Acry l ic /Polyurethane ............................... 

9+  
PANBC+METC 9 
PANBC+PUTC 9 

Conl to l  A m i d o  7 
Conl to l  Amino  7 

Conlrol  Arc 0 
Control  ACME 2 
Conlrol  ACPU 6 

Data represents the salt spray results obtained for the coatings on steel after testing for 500 h ou rs in the salt fog 
cabinet The test was performed and the ratings were determined according to the ASTM Standard Test Methods for 
evaluations (ASTM B 117-90, ASTM D1 654-92 and ASTM D3359-92a). Data represents the extent of corrosion in a scribed 
sample Based on the extent of corrosion, the rating was assigned from 10 - no corrosion to 0 - extreme corrosion 

applied by a dip process. The coating was made  in a 
series of steps to obtain the appropriate  film thickness. 
The coating process was repeated at least five times 
(after complete dry ing  of the previous  coating step) to a 
maximum of 20 times to increase thickness. The corro- 
sion potential  measurements  were  made  in 1M NaC1 
solution. He observed a significant and reproducible 
shift of the corrosion potential  and also a reduct ion in 
the specific corrosion current  or corrosion rate. Visual 
observations indicated a change in the optical appear-  
ance of the metal surface after removal  of the polyaniline 
coating. While the original metal appeared  shiny, after 
coating wi th  polyaniline, the metal surface appeared  
light to dark grey, mat, and spotted. 

The m e c h a n i s m  of  the p a s s i v a t i o n  of  i ron  b y  
polyaniline proposed  was as follows: the first step of the 
interaction be tween polyaniline and iron was an etching 
step. The polyaniline removes  the first few layers of iron 
and dirt. The fresh iron layer formed then is coated wi th  
an oxide layer. The experimental  evidence for this was 
the elemental analysis per formed on the pure  iron, iron 
f reshly  t rea ted  w i th  polyani l ine  and  the pass iva ted  
areas. The pure iron showed no oxygen content, while 
the freshly etched areas showed some oxygen and the 
passivated areas showed large amounts  of oxygen. He 
therefore concluded that proper  coating of metals with 
pure polyaniline can lead to a significant shift of corro- 
sion potential to decrease the corrosion rate of the metal. 

Lu, Elsenbaumer and Wessl ing z2 in another  s tudy,  
evaluated the anti-corrosion behavior  of polyaniline ex- 
posed to dilute acid and salt solutions. Mild steel speci 
mens when  coated with polyaniline and overcoated with 
epoxy barrier paint showed a reduct ion in the corrosion 
rates of about  1000 orders of magni tude  in 0.1N HC1 and 
10 orders  of magni tude  in 3.5% NaC1. Neut ra l ized  

polyaniline (Versicon | was ap 
plied to the substrate from a so 
lu t ion in d imethy l  p ropy lene  
urea or N-methyl  pyroll idone. 
The neutral polyaniline was then 
doped  in an aqueous solution of 
p-toluene sulfonic acid for 4 to 
24 hr. The samples were  top 
coated with an epoxy system. A 
sc r ibe /damage  was s imulated 
by drilling a precise hole in the 
specimen.  A control  epoxy,  a 
n e u t r a l  p o l y a n i l i n e  c o a t i n g  
t o p c o a t e d  wi th  ep oxy  and  a 
d o p e d  p o l y a n i l i n e  c o a t i n g  
topcoated with epoxy were stud 
ied. Visual and electrochemical 
results indicated polyaniline af- 
fected the co r ros ion  process.  
Both  d o p e d  a n d  n e u t r a l  
polyanilines exhibited corrosion 
protection. In the acid medium,  
the doped  polyanil ine sample 
showed  greater shift, while in 
the NaC1 medium,  the neutral 
sample showed a greater shift in 
corrosion potential. The samples 

in the acid medium showed a shift to a more noble 
potential  while the NaC1 samples showed shifts to a 
more active potential. 

Corrosion rate measurements  showed a decrease in 
corrosion rate for the samples treated wi th  polyaniline. 
The effect on the corrosion rate reduct ion for the doped  
polyaniline was greater in the acid solution, and the 
neutral polyaniline had a greater rate reduction in the 
NaC1 solutions. The results ment ioned previously were  
for the scribed samples. In samples where the metal 
surface was not exposed,  the doped  polyaniline exhib- 
ited better corrosion protection than the neutral system. 
The results indicate significant corrosion protect ion pro 
v i d e d  to sc ra t ched  areas  ga lvan ica l ly  coup l ed  to 
polyaniline coatings and that the extent of protect ion 
d e p e n d e d  u p o n  bo th  forms of polyani l ine  (doped,  
undoped)  as well as the nature of the corrosion environ 
ment. The data presented indicate that the polyaniline 
coating caused the metal to form a passive oxide layer 
on  the surface in an acid environment.  However ,  this 
effect was not  observed in NaC1 solutions. XPS and 
Auger  studies indicated the passive oxide layer was 
composed of 7 F%OB on the outside with an FesO 4 layer 
sandwiched be tween the passive oxide layer and the 
nascent metal. 

Jasty and Epstein reported that the neutral emeraldine 
base form of polyaniline passivated all forms of iron 
w h en  exposed to corrosive environments .  23 The passiva 
tion was found to occur by  the formation of a thin pas- 
sive oxide layer consisting mainly of hematite. They 
found  that the emeraldine base passivated the surface of 
iron even when  applied as an undercoat .  However ,  they 
found  that the emeraldine hydrochlor ide  does not  pro- 
vide effective corrosion protection for iron. 

Wei et al. in another s tudy performed a series of 
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elec t rochemical  co r ros ion  m e a s u r e m e n t s  on  polyani l ine  
coa ted  steel specimens .  24 It w a s  f o u n d  that  the base fo rm 
of polyani l ine  offered better corros ion protec t ion  in aque-  
ous  NaC1 solution,  They  o b s e r v e d  an increase in the 
cor ros ion  potent ia l  and  cor ros ion  resistance and  a de 
crease in the cor ros ion  cur ren t  w h e n  c o m p a r e d  to the 
u n c o a t e d  specimen.  They  f o u n d  that  the polyani l ine  base 
w i t h  a zinc nitrate t r ea tmen t  fo l lowed  b y  an  e p o x y  top 
coat  exhibi ted the best  overal l  protect ion.  

Si taram, et al. c o n d u c t e d  cor ros ion  s tudies  o n  coated  
steel spec imens  and  Table 1 descr ibes  the salt s p r a y  re 
sults,  z> The po lyan i l i ne s  s t u d i e d  w e r e  the V e r s i c o n  
polyani l ine ,  Vers icon  polyani l ine  base (p repared  by  neu-  
t ra l iz ing the Vers icon  polyani l ine  w i t h  a m m o n i u m  hy-  
droxide)  and  P a n d a  ( syn thes ized  at the laborator ies  of  
M o n s a n t o  Co.). The results  indicate  that  P a n d a  exhibits 
s ignif icant  i m p r o v e m e n t  in the cor ros ion  p ro tec t ion  of  
steel w h e n  app l ied  as a basecoa t  fo l lowed  by  a clear 
t opcoa t  of  a conven t iona l  coat ing system.  Three differ 
ent  types  of  topcoats  w e r e  evaluated .  All three sys tems,  
exhibi ted  bet ter  cor ros ion  p ro tec t ion  than  the conven -  
t ional  s y s t e m s  s tud ied .  H o w e v e r ,  the P a n d a  or the 
Vers icon  d id  not  exhibi t  s ignif icant  p ro tec t ion  w h e n  
b l e n d e d  into conven t iona l  fo rmula t ions  indica t ing  it d id  
no t  func t ion  as a p igment .  The cor ros ion  p ro tec t ion  w a s  
ei ther  comparab l e  or lower  than  o b s e r v e d  for the control  
samples .  For all the sys t ems  wi th  the P a n d a  basecoat ,  
s o m e  cor ros ion  w a s  obse rved  in the scribe. The extent  of  
co r ros ion  w a s  s ignif icant ly  lower  than  that  obse rved  for 
the control  samples .  

SUMMARY 

The results  r epor t ed  by  va r ious  research g r o u p s  on  the 
appl ica t ion  of  c o n d u c t i n g  p o l y m e r s  in cor ros ion  protec  
t ion  have  s h o w n  polyani l ine  to be the m o s t  p r o m i s i n g  
c a n d i d a t e  a m o n g  all the  p o l y m e r s  s t u d i e d .  T h e  
polyani l ine  helps  in cor ros ion  pro tec t ion  b y  fo rming  a 
pass ive  protec t ive  oxide on  the surface of  the metal.  The 
p o l y a n i l i n e / I C P  helps  in ma in ta in ing  the passive oxide 
o n  the surface the reby  p ro tec t ing  the substrate  f rom 
fur ther  corrosion.  Initial results  in ou r  l abora to ry  indi-  
cate that  the polyani l ine  has bet ter  co r ros ion  protec t ive  
p roper t i e s  w h e n  app l ied  as a coa t ing  o n  the metal .  
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