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ABSTRACT

In this paper corrosion resistance of electrodeposited silane film (y-
glycidoxypropyl-trimethoxysilane (y —GPS)) on mild steel substrate which
prepared with various cathodic currents, was investigated by electrochemi-
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cal methods. In comparison with conventional “dip-coated” silane films,
electrodeposited films at cathodic currents exhibited obviously higher cor-

rosion resistances.

INTRODUCTION

Silanefilmsusually provide good adhesion be-
tween metal substrate and subsequent polymeric
coating, so their main usagein the surface coating
is adhesion promoter. In addition, they are envi-
ronmental friendly; therefore they could be used as
a substitute for toxic chromate metal pretreat-
ments*4,

Silanefilmswereusud|ly prepared by conventiond
dip-coating method that issimply dipping metal sub-
stratesinto pre-hydrolyzed silane/water/a cohol solu-
tionsthen drying and curing at acertain high tempera-
ture. Recently, anew preparation technique, namely
electro-assisted deposition, hasbeen developed tofa-
clitatetheformation of sol-gd filmson conductivesub-
strates®.

Woo, et al .1, firstly, reported the electrodeposi-
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tion of silanefilmsbut its purposewasto improvethe
adhesive performance. Lately et d™ and Gandhi'® ap-
plied thistechnique as an anti-corrosion treatment for
metalsand theresultsshowed that sllanefilmsprepared
at acertain cathodic potentia present higher corrosion
res sancethan those obta ned by conventiond dip-coat-
ing method®.

Inelectro-ass sted deposition of Slaneparticles, the
mainreactions, occursat cathodicpotentids, arethere-
duction of oxygen and water as eg. (1) and (2)1*°.
0,+2H,0 +4e — 40H- (@]
2H,0 +2e > H,+20H" 2

Both reactions produce OH ionsnear themetallic
electrode surface. It was generally accepted that, hy-
droxyl ionsOH- could catal yze the reactions between
silanol and metal as equations (3). Eq (4) showsthe
condensation reaction between silanol groups beneath
theformation of silanefilmg9.
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Full Poper =
Si-OH (solution) + Me - OH (metal surface) » Si- O -Me
(interface) + H,0 (3)
Si-OH+Si-OH—>Si-0-S +H,0 4

In egs. (3) and (4), the silanol groups (Si - OH)
comefromthehydrolyzeof sllaneagents. Thecatalysis
of OH- might be one of the reasonsfor higher unifor-
mity of slanefilmsprepared a cathodic potentid s(more
negativethan corrosion potential ).

Inthiswork, y-glycidoxypropyl-trimethoxysilane(y
—GPS) wasapplied on sted substrate by €l ectro- depo-
sition process and the effect of various cathodic cur-
rentson film preparation hasbeen investigated.

EXPERIMENTAL

Mild stedl rods (with area0.81cm?) with composi-
tion of (C: 0.16, Si: 0.23, Mn: 0.35, P: 0.03, S: 0.02,
Fe: Balanced) embedded with epoxy/polymideresin
were used as el ectrode samples. After polishing, the
rodswerethoroughly rinsed with acetone. After that
therodswere washed with surfactant-based low alka-
linecleaner, washed with deionized (DI) water and then
being blow-dried withwarm air. Silane monomer was
v-dlycidoxypropyl-trimethoxyslane (y —GPS) werepur-
chased from SigmaAldrich Co (Germany). Thedectro-
deposition solutionsused here cong st of 5val. % Slane
monomer dissolvedin 90:10 volumeratio of ethanol/
DI water with adjusted pH in 4.5 by acetic acid. The
electrodeposition process was performed by using
three-electrode compartment. A saturated Ag/AgCl
electrodewasemployed asreference el ectrode, and a
platinum plate used as counter el ectrode. Apart from at
the open- circuit potential (OCP), -0.65 V/SCE for
thesealloysin each silane solution, the el ectrodeposi -
tion processwasmainly carried out at various cathodic
currents (-0.03, -0.05,-0.07,-0.1A) for 1200 s. After
that, samplesweretaken out from the solution and blow-
dried. Findly, thesilanefilmswere oven cured a 100
°Cfor 15min. For Tafel teststhe scan ratewas 0.5mV
and for EIS tests, the measured frequency wasfrom
100kHz t0 0.01 Hz, withAC excitation amplitudeof 5
mV. Theused e ectrolytewas 3.5wt. % NaCl solution
prepared by DI water. All of thee ectro deposition pro-
cesses and el ectrochemical measurementswere con-
ducted using Auto lab PGSTAT 302N Potentiosat/
Gavanostat (Itay).

RESULTS

Polarization

Theresultsof polarizationtest wereshown as Tafel
diagrams (Figure 1) and their parameterswere calcu-
lated and reported as TABLE 1. Figure 1 showsthe
effect of varied applied cathodic currentson prepared
film. Thecorrosioncurrent dengity (i ) wasdetermined
through superimposing astraight linea ong thelinear
portion of theanodic curveand extrapolatingit through
E oo Thepolarization resistance (Rp) wasalso evalu-
ated from Tafel plotsaccording to Stern-Geary equa
tion*u:
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Figurel: Tafel diagramsof variouscathodiccurrentsinfilm

formation (25 °C). a. Baresample, b. Prepar ed samplewith
dipping method, ¢.-0.03A,d.-0.05A,e.0.07A,f 0.1A

TABLE 1: Polarization parameter sfor variousapplied ca-
thodic currents(25°C).

Applied | E

Sample cu(r:)ant ( A/Cé’;qz) Bc(v/dec) Ba(videc)  Rp(€2) (\C;S’
6.476E- -

a 0.0 5 0.184 0.123 3.021E+2 0.626
8.352E- -

b 0.0 6 0.077 0.145 1.133E+3 0.524

C 0.03 1'925& 0.088 0.189 6.375E+2 -.513
1.729E- -

d 0.05 5 0.093 0.307 7.023E+3 0.457
1.458E- -

e 0.07 5 0.166 0.164 7.605E+2 0.564
1.418E- -

f 0.1 5 0.057 0.232 8.136E+2 0.391
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wherei  , 5. and §_arethecorrosion current den-
sity, anodic Tafel slope and cathodic Tafel slope, re-
Spectively.

Theobtained va uesfor polarization res stance con-
firm the corrosion resistance of produced coatings.
Thesevduesincreaseasapplied cathodic currentsin-
creases and oppositely the current densities decreased.
Thismeansthat el ectrodeposition at cathodic currents
facilitatesthe slanefilmsformation by producing OH-
ionsand thereby enhancestheir protective properties?.

El Smeasurements

To confirmtheresults of polarization methodsand
also Tafel diagrams, EIS method was used. Figure 2
showstheeffect of gpplied currents, in electrodeposi-
tion process, on dectrochemica propertiesof resultant
coating films. Asdepicted in Figure 2.a, increase of
ia 1c00
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Figure2: Nyquest (2.a) and phasediagrams(2.b) of various
applied currents. a.Baresample, b. Prepar ed samplewith dip-
ping method, ¢.-0.03A, d.-0.05A, e.0.07A,f 0.1A.
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applied currentsleadsto increment of radiusof capaci-
tiveloop. Ontheother hand, theradius of capacitive
loop of electrical applied filmsisgreater than that of
dipped samples; this process confirmed the polariza-
tion resistances which obtained from Tafel diagrams.
Figure 2.b showsthe phase angleplots. Based on this
Figure, it can be seen that the presence of an additional
relaxation processin high-frequency regionfor the si-
lane-treated sampl es, which isassociated with the ex-
istence of protectivesilanefilmi*2,

Moredetailedinterpretation of the EISresultscan
be made by using equivadent circuit (Figure 3) and their
fitted data have been shown asTABLE 2. There are
two time congtants observed from the phaseangle plots
(Figure2(b)) for theslane- trested samples oneinhigh-
frequency domain, whichisassociated with the exist-
enceof protectivesilanefilm; another oneinlow fre-
guency domain, whichisassociated with thecorrosion
onset of stedl substrate'?. Asobservein TABLE 2the
samplewhich prepared with -0.1A applied cathodic
current. Thismeansthat thelocal alkalization near the
cathode surfacemay improvethe condensation rateand
film preparation*3.
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Figure3: Equivalent electrical circuitsof a coated metal.

TABLE 2: El Sparametersfor electrodeposited silanefilms
invariousapplied cathodic currents (25 °C).

Qﬁfgneg RSQ) Ro(@) O n R(@ 2. n
ple ) P («Q.s" (@.s"
a 0.0 41 57 0.004 072 819 0.01 0.55
b 0.0 45 80 0.006 0.67 1842 0.019 0.58
c 0.03 65 31 0.006 0.6 1482 0.003 0.79
d 0.05 56 73 0.0003 0.95 3368 0.0011 0.7
e 0.07 33 163 0.0005 0.64 1991 0.001 0.85
f 0.1 4.3 40 0.0007 0.77 3957 0.008 0.8

Experimental resultsshowed that negative depos-
tion currentsfacilitatetheformation of slanefilmsand
thereby enhancetheir corrosioninhibition properties.
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Full Poper =

Cathodic current (CC), has been used for the present
investigation system, at which sllanefilmsprepared ex-
hibit higher compactnessand uniformity and thereby
the best barrier propertiesin comparison of dipped
sample. Thisbehavior isinterpreted by that at CC the
sgnificant amount of condensation cataysts, OH-ions,
isgenerated, accompanying with the negligible evolu-
tion of hydrogen that is supported by the cathodic
voltammetry measurementg*4.

CONCLUSIONS

Electrodeposited silanefilmsshowed better corro-
soninhibition propertiesthan dip coated films. Amount
applied currentsin el ectrodeposion processwasvery
important. Thiscurrent facilitated theformation of si-
lanefilmsand thereby enhancestheir corrosoninhibi-
tion properties.
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