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Abstract: A poly(2-N-phenylamino-4,6-dimercapto-S-triazine) (PPDT) layer was first prepared
electrochemically on an iron surface. The PPDT layer strongly adsorbed on the surface because of the
polar triazine rings of the PPDT molecules. No electrochemical response of the PPDT layer covered
electrode to dissolved Fe(CN)63- was observed. This fact indicated that the PPDT layer is an insulating
layer with low permeability to dissolved species, and thus acting as a diffusion barrier against agents
causing corrosion such as H20 and O2. A polymer polyaniline (PANI) layer was electrodeposited on the
PPDT layer. This system was conductive because electron transfer through the PPDT layer occurred by
electrons hopping utilizing the localized electron density of the triazine ring. The obtained PANI/PPDT
bilayer coating greatly lowered the anodic current peak ascribed to the anodic dissolution of iron and the

corrosion current. The high anti-corrosion ability was due to a hybrid effect of the PANI layer as an in-situ

oxidant and the PPDT layer as a diffusion barrier.
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Table(s)

Table 1

Corrosion current (i_ ) and potential (E_ ) determned by the extrapol ation of the Tafel regions

corr corr

of the cathodi c and anodi c pol ari zation curves in Fig. 4.

Coat i ng E., / Vvs. Ag/Agd oy, | MA
None -0.212 0.75
PPDT | ayer -0. 229 0.23
PANI / PPDT doubl e- | ayer -0. 209 0.06

Jun Yano et al.
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Abst r act

Apol y(2- N-phenyl am no-4, 6-di mercapto-S-triazi ne) ( PPDT)
| ayer was first prepared el ectrochemcally on an iron surface.
The PPDT | ayer strongly adsorbed on t he surface because of the
pol ar triazi nerings of the PPDT nol ecul es. No el ectr ochem cal
response of the PPDT | ayer covered el ectrodetodi ssol ved Fe(CN) .~
was obser ved. This fact indicated that the PPDT | ayer is an
insul atinglayer withlowperneabi lity to di ssol ved speci es, and
thus acting as a diffusion barrier against agents causing
corrosionsuchas HOand Q. Apol ymer pol yaniline (PANI) | ayer
was el ectrodeposited on the PPDT | ayer. Thi s system was
conductive because electron transfer through the PPDT | ayer
occurred by el ectrons hopping utilizingthe |ocalized electron
density of the triazine ring. The obt ai ned PANI / PPDT bi | ayer
coating greatly | owered the anodi c current peak ascribed to the
anodi c di ssolutionof ironandthecorrosion current. The hi gh
anti-corrosion ability was due to a hybrid effect of the PAN
| ayer as an in-situ oxidant and the PPDT | ayer as a diffusion

barri er.

Key wor ds: Anti-corrosion, I ron, Pol yani | i ne,
pol y( 2- N- phenyl am no- 4, 6- di mer capt o- S-tri azi ne), Doubl e- | ayer

coati ng.




1. Introduction

Anong various materials for anti-corrosion of netals,
conductive polynmer coatings are one of the nost effective,
cheapest and al so nost environnentally friendly materials [1].
Even t hough pi nhol es and/ or cracks are fornmed in the coati ngs,
the anti-corrosion ability is barely |owered because of the
features of the anti-corrosioncoatings. The coatings are sai d
toservesinply asanin-situoxidant or anodic protectant [ 2, 3].
At the sane tine that the coating oxidi zes the netal surface to
whichitisincontact, it isreduced. Since t he reduced coati ng
isre-oxidizedby anbient air, it continues to oxidizethe netal
surface and t he passive state i s mai ntai ned. Anmong conductive
polynmers, it is widely recogni zed that polyaniline (PANI) has
been one of the best candidate of conductive polyners for an
anti-corrosioncoati ngsincetheanti-corrosionabilitywasfound
[4,5]. Al t hough nunerous studies about the anti-corrosion
ability of PANl have been perforned [5-28], effort to enhance
theabilityisnecessaryfor practical use[5-28]. For exanpl e,
t he adhesi on problem nmust be sol ved. The adhesi on of an
el ectrodeposited PANl coating is generally quite poor agai nst
iron and steel [29]. In order to sol ve the adhesi on probl em
as well as to enhance the anti-corrosion ability, our strategy
is to enploy a double-layer coating conprised of PAN and

pol y( 2- N- phenyl am no- 4, 6- di mer capt o- S-tri azi ne) (PPDT),

which we first prepared (Fig. 1).



2. Experi mental

One of the nononers, aniline (Wako Pure Chenmi cal s Co.), was
di stilledunder reducedpressureprior touse. Theother nmonorer,
2- N-phenyl am no- 4, 6-di nercapt o-S-tri azi ne (Sankyo Kasei Co.),
was of reagent grade and as used wit hout further purification.
QG her chem cal s enpl oyed i n thi s study wer e of reagent grade and
were used w thout further purification. Aqueous sol uti ons were
prepared usi ng distilled dei oni zed water Aniron el ectrode used
as t he working el ectrode was an i ron di sk el ectrode. An iron
rod cut froma comrerci al iron nail (#2-080-00125) was enbedded
inaTefloninsulator. The area of the disk el ectrode was 0. 16
cni. A Hokut o Denko HR-D2 Pt disk el ectrode was used for the
el ect rocheni cal response of PPDT, PANl and PANI / PPDT doubl e- | ayer
coat ed el ect rodes. El ectrochem cal neasurenents were carried
out with a Hokuto Denko Hz-3000 el ect rochem cal neasurenents
system using a standardthree-el ectrode cel |. A Hokut o Denko
HX- C7 Pt pl at e el ect r ode and a Hokut o Denko HX- R3 Ag/ Agd el ectrode
wer e used as t he counter and reference el ectrodes, respecti vel y.
The electrodeposition of PAN and PPDT was nade by
el ect ro-oxi di zing the mononmer: 0.1 M(1 M= 1 nol dm®) aniline
in an A drich phosphat e buffer aqueous solution (pH 6.86) and
5 mM 2- N- phenyl ami no-4, 6-di nercapto-S-triazine in 0.1 M Na,CQ,
aqueous solution. Ether potential sweep (-0.3 ~ +1.0 Vat 50
mvVs™") or 1. 0Vconstant-potential el ectrol ytic node was enpl oyed
to el ectro-oxidize the nononer. Bot h PANI and PPD coul d be

was el ectrodeposited with either node.



3. Results and Di scussi on

To exam ne how the PPDT and PAN/PPDT bilayer coatings
suppr ess corrosi on, | i near sweep vol t ammogr ans wer e neasur edw t h
the PPDT and the PAN/PPDT bilayer coated electrodes in
ai r-saturatedneutral agqueous sol uti on(pH®6. 86) . Bot ht he PPDT
and PANI/PPDT bilayer coatings were prepared by the
constant-potential electro-oxidation of the corresponding
nmononer at 1.0 V.  The el ectro-oxi dati on was carri ed out until
t he passed charge was 1 nC.  The | i near sweep vol t anmogr ans are
shown in Fig. 2. The anodi c current peak at around -0.45 Vis
ascri bed to the anodi c di ssol ution of iron. As expected, the
PANI / PPDT bil ayer coating suppresses the current peak nost
effectively.

It isinmportant to know what thickness of the PPDT |ayer
shows the best anti-corrosion ability. The thickness varied
wi th the charge passed during the el ectrodeposition (Q). The
PPDT and PANI / PPDT bi | ayer coatingswi thdifferent Qwereprepared
on the iron electrode; the |inear sweep vol tanmograns were
neasured in air-saturated neutral aqueous solution (pH 6. 86).
The rel ationshi p between Q and the anodi c peak current (i ) is
shown in Fig. 3. The i, value is roughly constant regardless
of Qal thoughit fluctuatesslightly. Thi s suggests that athin
PPDT | ayer is adequate to acquire the anti-corrosion ability.
In addition, the thickness of the PANI | ayer corresponding to
aQof 0. 3nCwas adequat e t o showt he sane anti-corrosionability.

Inorder todetermnethekineticparaneters, the corrosion

current (i __ ) andpotential (E_ ), the steady-state pol arization

corr corr



curves wer e nmeasured for t he PPDT and PANI / PPDT bi | ayer coati ngs
i naci di cand neutral aqueous sol uti ons. Thet ypi cal Tafel plots
obt ai ned fromt he pol ari zation curves are showninFig. 4. The
oxi dati on and r educt i on branches of the curves are wel | defi ned.
The ext rapol ati on of t he Taf el regi ons of the cathodi c and anodi c
pol ari zation curves is used to obtain i and E, It yields

corr orr*

asmaller i reflectingthe anti-corrosionability (Table 1).

corr?

In addition, E_, is alnost the same in any case.
The PPDT | ayer plays three inportant roles: (1) diffusion
barrier, (2) adhesive binder and (3) el ectron transfer medi um
bet ween the iron substrate and the PANl |ayer. The PPDT | ayer
isaninsulatinglayer withl essperneabilitytodissol vedspecies
[30,31], acting as the diffusion barrier. The barrier
physi cal | y i npedes the agents causing corrosi on such as HO Q
and salt. The PPDT | ayer adsorbs to the iron substrate nore
strongly than PANI because of the polar triazine rings of the
PPDT nol ecul es. The am no groups of t he PPDT nol ecul es enabl e
the chemcal conmbining of the PPDT nolecules with the PAN
nol ecul es.  The el ectrontransfer throughthe PPDT | ayer occurs
by el ect ron hopping utilizingthe | ocalized el ectron density of
the triazine ring [30,31]. This proposed nechanism is
schematically depicted in Fig. 5. The key material, PPDIT, is
expectedtoal | owpr epar ati onof ot her bi | ayer coati ngs cont ai ni ng
di fferent conductive pol yners andt o be appliedto various netal

corrosi on probl ems because of the antici pated novel and uni que

properti es.
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Fi gure captions

Fig. 1. Pr obabl e nol ecul ar backbones of pol yanili ne ( PANI)
and pol y(2-N-phenyl am no- 4, 6-di nercapto-S-tri azi ne) (PPDT).

Fig. 2 Li near sweep vol t anmograns at 5 nV s neasured with
a bare iron (------ ), PPDT layer (... ) and PAN /PPDT
doubl e-l1ayer (----) coated electrodes in a neutral A drich

phosphat e buffer solution (pH 6. 86.

Fig. 3 Rel ati onshi p between the charge passed during the
el ectrodeposition of the PPDT layer (Q) and the anodic peak

current ascribed to the anodic dissolution of iron (i ).

(o): PPDT | ayer coated iron el ectrode.

(e): PAN/PPDT doubl e-| ayer coated el ectrode.

Fig. 4 Tafel plots obtained fromthe polarizati on curves

neasured with a bare iron (o), PPDT layer (») and PAN /PPDT

doubl e-layer (o) coated electrodes in 0.5 M HSO, aqueous

sol ution.
Fig. 5 Schemati c depi ction explaining the anti-corrosion

nechani sm of the PAN/PPDT double-layer coating on an iron

sur f ace.
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