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Abstract : ZnCoaloys(0.4t0 1.2% Co) wereelec-
trodeposited using pulsating or direct currentinachlo-
ride bath, and then chromated from achromate con-
version bath. The corrosion behavior of these coatings
in aerated 0.6 N NaCl solution was investigated by
Electrochemical Impedance Spectroscopy. The experi-
menta findingsshowed that if the structureand proper-

INTRODUCTION

Electrodeposition of metallic coatingsiscurrently
carried out using direct current (DC). However, the
nucl eation and growth of deposited grainsmay create
crystalline defectsthat can produce cracksin the coat-
ingd. Inthelast decadethereisanincreasinginterest to
use pulsating current (PC) asan dternative processdue
toit providesbetter properties, likethesmaller poros-
ity and enhanced adherence and uniformity, exhibited
by the coatings prepared using thelatter technique?.
Ductility, hardness, corrosionand wear res stancesare
additional propertiesthat can beimproved by theuse
of the pul sating process. In addition, when pul sating

tiesof themetallic layer are considered the pul sating
current processwas more effectivethan thedirect one,
but no mgor differenceintheir corrosion behavior was
observed.  © Global Scientificlnc.

K eywor ds: ZnCoaloys; Pulsating current; Corro-
sion; EIS; Coatings.

current isused theinternal stressesare smaller, thus
reducing the number of defectsin thecoating. Anim-
provement inthechemical purity of thedepositsisalso
observed. Findly, inthe case of theZnCo dloy depo-
sition, the pulsating current process allows better con-
trol of itscomposition and structure.

Inthedirect current process, the current density (or
potentid) istheonly eectrica parameter that can bevar-
ied to get changesin the deposit composition and micro-
structure*®. However, in pulsating current therearefour
independent parametersthat can beused to obtain me-
tallic coatingswith therequired properties. These pa-
rametersareintensity and extent (“on” or “off”” times) of
the cathodic or anodic current density pulses®. Severd


mailto:tomazuk@gmail.com;
mailto:ardisarli@gmail.com

238

ChemXpress4(2), 2014

ORIGINAL ARTICLE

combinationsof thesevariablesare, thus, possiblefor a
givenvaueof themean current density that canlead to
depositswith different propertiesand Sructure,

Inthelast decade hasarisen anincreasing demand
of metallic coatings based on aloys, like ZnNi, ZnCo
and Znke, that provide better corrosionresistance than-
and comparabl e cost with- the el ectrodeposited pure
Zn'8, Severd authorsfound that the corrosion rate of
the ZnCo coating obtained with direct current isthree
timeslower than the exhibited by the el ectrodeposited
Zn™19 and also that it can be further decreased by a
subsequent chromating process 791112,

Thispaper addressesan experimentd investigation
on the electrochemical and corrosion behavior of
chromated ZnCo aloy obtained by using direct or pul-
sating current. Thedectrochemica behavior wasinves-
tigated by Electrochemical Impedance Spectroscopy
(EIS). When El Stechniqueisemployedto evaluate the
corrosonresistanceof coatings, thevauesof thecharge
trandfer resstance, R, a themeta/solutioninterfacecan
beeasily obtained andrel ated to thecorrosionrate. High
vauesof R arerepresentativeof protective coatings™.

EXPERIMENTAL

Depositsof theZnCo dloyswereobtained at 30°C
using the following bath composition: 3.0 g.L*
CoCl,.H,0,77.29.L*ZnCl,, 2209.L*KCI, 26 g.L™*
H.BO,, 15mL of theadditive“Zn-base”, 2 mL of the
additive“Zn-brightener” under stirring provided by air
bubbling. Solutionswere prepared with doubly distilled
water and analytical grade reagents, the pH was5.3.

The electrodeposition was carried out under
galvanostatic conditionswith direct (DC) or pulsating
(PC) current by using a1 dm? capacity PV C cell and
pure Zn asanode. Thecurrent density in both DC and
PC processeswasintherange 3-40 mA.cm2. In addi-
tion, the PC processwas performed with thefollowing
parameters. peak current density (i ) =250 mA.cm?,
off-time (t,) = 16.8 ms, and on-time (t ) = 3.2 ms,
The el ectrodeposition timewaslong enough asto ob-
tain adeposit thicknessof 15 um.

Before deposition, the zinc anode wasimmersed
for 3hintheplating solution at 40 °C for allowing the
chemical deposition of an adherent Colayer. Thislayer
preventsthe zinc dissol ution reaction during the el ec-

trodeposition process.

The DC deposits were accomplished with a549
AMEL potentiostat and the PC oneswitha2055AMEL
potentiostat coupl ed to aprogrammabl e function gen-
erator (568 AMEL). The applied signa shapewasob-
served through adigital oscilloscope and the current
transientswererecorded onaXyY plotter.

Theelectrodepositswere produced on mild stegl
disks with an exposed area of 4 cm?. Before elec-
trodeposition, thediskswere polished with emery pa-
per and any grease wasremoved fromtheir surface by
anodic and cathodic el ectrolysisfor 2minin an ague-
ousNaOH (60g.L™?) solutionat 4 V against graphite
anodes. Thesampleswerethenimmersedina2%HCI
solutionand finaly rinsed with distilled weter.

To evaluatethe Zn, Co, Cr and Pcontent into the
coating, thedepositswere stripped inaminimum vol-
ume of HCI solution (1 vol. of HCI at 37% by weight
and 3val. of distilled water), which was analyzed by
means of inductively coupled plasma spectroscopy
(ICPS). Themorphology of the depositswas charac-
terized by SEM.

After theZnCo alloy e ectrodeposition, the speci-
mens were subjected to ablack passivation process
consisting of the samplesimmersionintwo solutions
freefromAg*. Thefirst solution was prepared fromthe
commercid product “zincofix 20" (100 mL.L?, pH 1.0,
25 °C) and the exposure time was 60 and 120 s for PC
and DC process, respectively. The second solutionwas
prepared by usng thecommercid product “seal zincofix
20” (7 mL.L%, pH 1.8, 25 °C) and the exposure time
was 20 sin both processes. Finally, the sampleswere
driedat 50 °C.

ElS measurementswereperformedinthe 102-10°
Hz frequency range using a Solartron 1260 Frequency
ResponseAnayzer coupled to aSolartron 1286 El ec-
trochemica Interface. Thesinusoidd signal amplitude
was 3 mV. All the measurementswere performed in
aqueous aerated 0.6 N NaCl solutionat 25+1 °C. The
exposed areawas 3.14 cm?. A three-el ectrodes el ec-
trochemical cell wasobtained by stickingaplastic cyl-
inder onthesamplesheet andfillingit with thetest solu-
tion. A Saturated Calomel Electrode (SCE) asrefer-
ence and a platinum counter €l ectrode were further
employed. EIS measurementswere carried out during
atotal immersiontimeof 24 h.
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All theimpedance measurementswere carried out
inaFaraday cagein order to minimizeexterna interfer-
ences on the studied system. Theimpedance spectra
wereanayzed onthe basisof equivalent electrica cir-
cuits using the software (EQUIV CRT) proposed by
Boukamp4,

RESULT AND DISCUSSION

Figure 1 showsthe Co content inthedeposit asa
function of current dengity (i) for PC and DC processes.
As can be seen, the Co content in the DC produced
samplesissmaller than that inthe PC ones, for dl cur-
rent densitiesinvestigated. Itiswell documented in the
scientificliteraturethat brilliant black chromating can

1-2 T T T T ! T T T

be obtained with aloys having a Co content into the
coating from 0.4 to 1.3%!*. Thus, resultsshowed in
Figure 1 suggest that the PC ismoreeffectivethanthe
DC process. Inthelatter case, acurrent density ashigh
as 30 mA.cm? wasnecessary in order to coatingswith
therequired minimum Co were obtained.

Figures2to 5 show the surface and the cross sec-
tion of black passivated ZnCo coatings prepared by
PC or DC using acurrent density of 30 mA.cm?,

Figures 2 and 4 show that the surface of both de-
positsisentirely cracked. Aswell that the number of
cracksformed at thepassve DCfilms(Figure4) isless
than those exhibited by the PC ones (Figure 2). At this
respect, it should betaken into account asanimportant
detail that the depth of the cracksdid not overcomethe
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Figurel: Cobalt content in electrodeposited ZnCo alloysvs. current density.

Figure2: Micrograph of black ZnCo coating (PC). i = 30 mA.cm2 M agnification: 2500X.
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Figure3: Crosssection of black ZnCo coating (PC). i =30 mA.cm2 M agnification: 5000X.
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passivelayer thickness. Related with the samefilms,
Figures 3 and 5 depict that the ZnCo deposits were
uniformand, asitisreportedin TABLE 1, they exhib-
ited comparabl ethicknesses.

EDXS analysis performed on both deposits, but
not shown here, revealed thepresenceof P, Crand S,
whilethe chemical andysis(ICP) evidenced thepres-
enceof only Cr and Pinthe coating layer (see TABLE
1). Thisresult, thus, suggeststhat Sispresent only on
the surface on the deposit.

ORIGINAL ARTICLE

surface. These sampleswere obtained using acurrent
density of 30 mA.cm because under thisoperation
condition the Co content was greater than 0.5%, it is
to say, the required amount as to obtain a uniform
black passivation layer!*®l.

Figures6 (a- b) and 7 (a- b) exhibit the Bodeand
phaseangleplotsat severa exposuretimesfor the PC

TABLE 1: Composition and thickness of black ZnCo coat-
ings

Thetime dependence of the corrosion behavior Coating P C P
of chromated PC and DC sampleswas evaluated in (wm) (wm)  (mgem’) (mg/cm’)
aerated NaCl (3.5% wt) solution by EISuntil macro-  Black ZnCo (PC) 10 0.85 005 001
scopic corrosion products appeared onthesamples  Black ZnCo(DC) 7.5 1.00 008 002
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Figure6: Bode(a) and phaseangle(b) plotsasafunction of thei
process.

mmerson time, for black ZnCo coating obtained withthe DC
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Figure 7 : Timedependence of (a) Bode and (b) phase angle plotsfor the black ZnCo coating obtained with the PC

process.

or DC coated sampl es, respectively.

From the phaseangl e plot of Figure6b thefollow-
ing interesting observations can bedrawn. Upon the
samplesimmersioninthetest solution, threetime con-
stants could be observed.

Such aresult may suggest a non-homogeneous
structure of the passvation layer. After Lhand upto 24
h of immersion, however, only two time constantswere
defined inthe samefrequency range; thischangewas
attributed to the sealed of the coating defects by the
corrosion products. Finaly, whiterust wasvisualy ob-
served onthe sampleafter 3daysof exposure. Similar
conclusionscan bedrawn from thevisua inspection of

the PC samples EIS spectra. It must be pointed out,
however, that at each immersion timethe phaseangle
valueswere higher for specimens processed with pul-
sating current than those processed with direct current.
Thisresult may be attributed to amore homogeneous
structure of the chromated layer of PC specimens.
EIS spectrashown in Figures 6 and 7 were ana-
lyzed on the basisof theequivaent circuit presentedin
Figure 8 as suggested in the literature®®, because it
describes properly the experimental findingsobtained
inthisinvestigation for all the exposure times. The
Warburg impedance was added to the equiva ent cir-
cuitin order tofit the data obtained at the lower fre-
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Figure8: Equivalent electrical circuit.
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quency range*’. Inthiscircuit R_, representsthe solu-
tion resistance, C_ and R_ are associated to the
chromated layer, C, istheelectrochemical doublelayer
capacitance, R, isthechargetransfer resistance, re-
|ated to the ZnCo coating/solutioninterface, and Z is
theWarburgimpedances.

Figure 9 a-b showsacompari son between experi-
mental and simulated datafor chromated ZnCo coat-
ings obtained through PC or DC processes upon im-
mersioninthetest solution. Similar datawere obtained
for al exposuretimesand were omitted for the sake of

smplidty.
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Figure10: Timedependenceof the(a) R and (b) R, valuesfor the chromated ZnCo coatingsobtained using PC or DC
pr ocesses.

Fromtheequivaent circuit presented in Figure8,  following conclusionscould bedrawn:
thevauesof itsresstiveand capacitiveelementscould 1. Depositsof ZnCo prepared using pul sating current
beeasly evaluated. Inthissense, theestimated R and showed great Co content than those obtained using
R, vauesarereportedin Figure 10 a-b, respectively. direct current. Thisisto say, the coatings generated
Ascan beseen, the chromated layer onthe ZnCo coat- through the PC process were more protective than
ing obtained by means of the PC process exhibited those coming fromthe DC process; and
slightly better coating resistance propertiesthanthat 2. A dightly higher corrosionresistancewasexhibited
obtained by the DC one. Aswell, that the R_values by ZnCo coatings obtained with the PC process.
showed that the PC samples provided an also slight
higher corrosion resi stancethan the DC ones. ACKNOWLEDGEMENTS
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