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Abstract

Ni-W alloys were electrodeposited onto copper foil from t@tsolution. Coatings containing
from1lto2latoWandhaving®52 Om in thickness were obtai.
current density and deposition time. The structure of tladlegs was observed b)-ray
diffraction and light microscopyechniquesincreasing W content iNi-W alloys resultedn

the grain refinement anttansitionto amorphous structurat 1819% W. The corrosion
behaviour obbtainedNi-W and unalloyed Ni coatingsas studied in 0,5 M NaCl solutidoy
means of electrochemical imgence spectroscopy, potentiodynamic polarization and light
microscopy.Obtained NiW coatings exhibitech clearly decreased corrasn resistancein
terms of the corrosion current density and polarization or charge transfer resatahee
open circuit ptentia), when compared to pure NDespite of quite wide range of
composition of alloys under teand relatedgrain refinementand transition to amorphous
structure no clear cut relain between the corrosion raa@dW content was detected@his
behawour can be the result of an interplay of activating effect of grain refinement or
preferential dissolution of W from one side and diffusion barrier action or inhibition provided
by the surface film of W oxidation products from other siDdferences obswed in the
corrosion resistance of NW coatings are more related to their morphological imperfections
arising from various deposition conditiotisan to the W contentSome samplesshowed

rathernon-uniform nature of corrosiorpfonouncedittackalong cacks) An inversionin the



dissolution behaviounof Ni-W and unalloyed Niwas observed withncreasing anodic
potential. Contrary to pure Ni, NW coatings were resistant to pitting corrosion in NacCl

solution.
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Introduction

Ni-W alloys show unique combination of mechanical (high tensile strength amdddss),
tribological (wearresistance), thermal (high melting pginot strengthpxidation resistange
electrocatalytic (hydmgen evolution)magnéic and electrical properties . However,the
durability in service conditions is cruciéctorfor possibleengineeringapplications of these
materials. Theexcellent functional properties woulte useless without desired corrosi
resistance of NW alloys. Thus, corrosion properties of NV coatings are of great interest.
The passivating ability of W and the transition to nanocrystalline or amorphous structure
observed with growing W content should constitute clear prerequisites good corrosion
resistance of tree materialsindeed, NWW alloys are regarded as highly corrosion resistant.
Surprisingly, available reports on corrosion resisgaof NFW coatingsarerather scarce and
main questions related to thigio are sii unclear

Several researchers claimed, thatWicoatings are more corrosion resistance than pure Ni
depositd3,4]. However, a contrary findings wea¢so reportedd,q).

Of crucial impotance is the effect athe compositionof Ni-W alloys on ther comosion
behaviour The prevailing opinion is thdahe corrosion resistance of-M coatings increases
with W content[3,7-9]. This view is substantiatetly the chemical action of W which
accumulates on the alloy surface and suppresses the anodic disdd&ibd,1] and the
following transition from crystalline to nanocrystallihamorphous structurg B]. Indeed,in

the often cited report of Obrado et al.[3] a decrease in the corrosion current density with
increasing W content from 3 to H. % was documenteddowever, hese results wereken
immediatelyafter immersiorinto sulphuric acid solutignn nonstationary conditionsnlthe
same work, when corrosion test sygerformedafter longer exposure, the minimum of the
corrosion current densityas found forone ofcoating with 10% Wand related to its single
phase structure3]. Maximum of corrosion resistance for an intexthate W content, namely

ca. Po wasalsoobserved in NaCl soluti@{1]. However, in the same work the corrosion



current wa found almost independent on the composition efANcoatings generated in
other deposition conditions (at higher temperatuiéls behaviour was explained by the
interplay of the inhibiting chemical action of growing W content and the activating effect
the corresponding grain refinement and the transition to nanocrysfadimerphoustructure
(growing density of disorderethtercrystalline regions)[12].

Another open question is the passivation ability ofWNialloys. Experiments performed in
suphuric acid solutions led to opposite conclusioAstemarkable drop in passive current
density with addition of W to Nwas found in acidic solutiorfd.3]. Sriraman et al observed
an improved passivity of W rich alloys in 0,5 M,HO, [1]. However, Obradac et al.
reported that increasing W content resulted in less effective passiyatsirarp increase of
current density in passive state) in the same soluBjon [

These conflicting conclusiencan be only partly related to conceivable differences in
measurement procedures. The extrapolation of Tafel segments was mainly used for the
determination of the corrosion current density. This method can be highly inaccurate and
often yields unreliable resultslowever, these differences arise, first of all, frtme welt
known fact that N\W coatings with similar composition can éxih quite different structure
and surface morphology2,8,14]. The corrosion behaviour is highly sensitive to these
structural features and they, in turdepend on electrodepositioconditions (substrate
preparation, cathodic current density, bath formulatiorespecially organic additives
surfactants used, temperature, etc.).

Ni-W alloys generated by edtrodepositiorcan contain up to about 88 W [6,15]. Thar
structure was not exm@ined satisfactory yet.,ow W alloys are usually ascribed teolid
solution of W in fcc Ni[1,14,16-20]. An intermetallic phasBli;W were alsadetectedn Ni-W
deposits of similar composition, but generateat elevated temperaturf2,36]. Non-
equilibrium phases, for example supersaturated saliditions, are also generated by
electrodeposition [15]. Thus, NV alloys can be composed of a single phaseof several
phaseg43,15]. Higher corrosion resistance was reported for alloys consisting of a sirage ph
[3,15].

Increasing W content results in the grain refinement and the transdimnmicrocrystalline

to nanocrystallinestructureard finally to amorphous onéAmorphous structure is usually
ascribedor alloys with W content exceeding 2P1] i 22% W|[22]. This borderine depends
significantly on surfactants usefd6,17. For instancecrystalline structure watund for
relatively W rich W alloy, namelW\i-23W [19] and Ni24W [27. Close to the borderline



conmposition, multiphase systems wesbserved nanocrystdites suspended in amorphous
matrix [23]. Both beneficial 7-9] and detrimental [Leffects of the grain refinement on the
corrosion resistance of NW coatings were reported.

Morphology of NiW alloys affects their corrosion resistance. §heoatings show tendency
to cracking. A net of crackebserved on aseceived depositgan resultfrom hydrogen
embrittlement[15] or residual stres2f]. Subsequently, the corrosion attack develops mainly
along cracksGalikova revealed bwest corrosin rate in 5% NaCl foless defectiveNi-W
coatingwith 8% W/[15]. Deposits with larger W content showed reducedosion resistance
due to enhanced crackinghere is also report revealing, that the extent of cracking increases
with W content only till D% W and decreases fdtays with higher W content [14

Addition problem, which can affeateported data on corrosion of -M{ is possiblenont
uniformity in the compositionof generated coatings. Undanfavourablecircumstancedpcal
differences in W cotentcanreach up td.0% [25].

The aim of this work was to lee the corrosion behaviour of electrodeposkiedV coatings

in NaCl solutionto their composition and structural statewide collection of NiW samples
was used to achieve conclusions afher statistical significancéNi depositwas used as a

reference sample.
Materials and methods

Ni-W alloys were electrodepositeghlvanotatically from a citratebasedbath onto copper
foil. The solution contained9 g of NaCit2H,O, 195 g of NaHPO,2H,0, 84,6 g of
NasWO,2H,0, 105 g of HsBO; and 18g of NiSQ;(NH4).SOs6H,0 in 1 dni. Deposition
agents namely50 mg of 2-butin-1,4-diol and 100 mg of nonionic (ethoxilatedphenol)
detergentwere also added. Prior to deposition the pH of the bath adassted to 8 by
respective additions citric acidr NaOH All electrodeposition experiments were done at
elevatedemperaturén the range of 650°C. By varyingthe deposition current density the
range from 10 to 40 mA/chroatings containing from 1tb 21% W were obtainedsome
modifications of in the composition and morphology ofWisamples arose also from
consecutive deposition experiments (after different charge passed) in the same sollitens
c 0 at ithickgpes® was estimated upon weighingduring electrodepositionThe plating
time was adjusted to generate coadihga vi ng at | e a thitknessiRefareince 1 0

nickel coatings were deposited from the above bath without tungstenate addition.

Om



Characteristics of samples used in subsegjoerrosion tests are given in TableDktails of
copper substrate preparation and deposition experiments were given elséytgre [
Topography and composition of samples was examined using a SEM, type LEO 435VP
(Zeiss Germany) combined with a EDS aet#br (Roentec Germany). The composition of
each sample was detdmad using the EDX method. To assess the possiblainibormity,
examinatiors were done in several locations scatter in W conterttigher than % led tothe
elimination of the sampleThe structure of coatngs accept for corrosion testsvas
examined using the XRD methddaboratory Xray powder diffraction (XRD) patterns were
recorded on a Seifert HZ& automated diffractometer using Cukadiation The data were
collected in the Bra@rentano ¢/2q) horizontal geometry (flat reflection mode) between 30
and @0Ai n(20. 04As%temps, at 2

The corrosion resistance of selectedWicoatings was studied in 0,5 MaRI solution open

to air, .dahesdulion Was prép@red frorhemical grade reagents and distilled
water.Nickel coatings deposited from the bath without tungstenate addition were also tested
for comparison purpose. A standard thedectrode cell was used. The reference electrode
was the SCE. The counter electrodaswPt grid of a large area, placed in a separated
compartment with glass friA sector of tested coatings with area of 6if served as the
working electrode. All potential values are expressed versus the SCE. Prior to electrochemical
corrosion studieshe tested coatings were polished with fine emery papers, then rinsed with
distilled water, degreased with acetone and the carefully rinsed with methanol.

Corrosion behaviour of NW and Ni coatings was tested by means of chronopotentiometry,
electrochemial impedance and potentiodynamic polarisation. Autolab system (PGSTAT 20
with FRA module) with dedicated software was usHte testprotocol was as follows. First
chronopotentiometric test was used to monitor the corrosion potential of immersed samples
urtil its steady state before impedance studies. The impedance measurement was initiated
after 1 h exposure. Impedance data were collected at the corrosion potential, using excitation
potential signal with amplitude of 10 mV, within the frequency range 10-kHmHz, ten

points per frequency decade. To test the effect of exposure tintee @ortrosion behaviour,

the nex impedance measurement was repeated after 24 h. Then (after 27 h immersion)
potentiodynamic polarisation curve was registered. The measuirevas initiated from the

small cathodic polarization@,1 V versus k) and continued in anodic direction at potential

scan of 2 mV/s. Corrosion parameters (corrosion current density, polarisation resistance) were

derived from polarisation data in lopolarizationr e gi o n : N50 mV (the anal



the ButlerVolmer relation). Finally, corrosion damages of tested samples were inspected
under light microscope (Nikon AlphaphdtYS-2).
The corrosion tests wengerformed for number of samples inalied in Table Xor each

considered NW compositiorand obtained results were averaged.

Results and discussion

Changes in diffraction pattera$ obtained NiW coatings with different W conteare showm

in Fig. 1.Ni-11W and Ni15W samples are mainlyoenposed o& solid solution of W in f.c.c.
Ni, called later Ni\W phaseDiffraction peaksoriginatedfrom this phase are shifted to lower
values ofthe 2g angle comparing taheir positionsfor pure Ni.At the same timea decrease
in intensities ofNi-W (2 0 0)and NiW (2 2 0) peakswith growing W content is observed,
indicatingboth a reductiom the degreef crystallinity andgrains refinemenfrhe calculated
lattice paramex for the NFW phasee q u a | s (f8r,allbys Qvithjll and 1% W) and is
larger than value of parametarfor the pure Ni. This differenceconceivablyresults froma

| arger at omi ¢ r asubstiwttighastt atodé of Niwitl8 atdinjc adius of
1 . 2 4nTgdes of the crystalline lattice.

Theinteresting noveltyf repored XRD studies is the appearancewnfadditional diffraction
peak atthe 2g angleequal toabout 415 (d= 2 . 1 T3{-W samples withHl1 and 15% W
(Fig. 1). This finding is indicative of the presence wéw, not described till nowphase
constituted by asolid solution of Ni in W, termed later \ANi phase.This phase is
isostructural with metallid.c.c.W (a=3 . 1 6 7hg Yiffraction peak (1 1 0) of \ANi phase
is located at large2g anglethan the W(1 1 0) peak, indicating that the lattice parametéeof
elenmentary cell in thigphase is smallg@a=3 . 0 7 3 j for purelWAThis is contrary to the
effect of increasing lattice parameter observed in the solid solution of W in NV (phase).
Reflections corresponding tdV were not detected till now in RD patterns of NW
electrodepositsl], 15, 19.

Increasing W content in studied allogessultel in a broadening adiffraction peaks (rise in
their half widthg - Fig. 1, indicating a larger degree of amorphousness, in agreement with
[27,28] When W content exceededl9% the peakascribed to the WNi phaseas well as
reflections NiW(2 0 0) and NHW (2 2 O)vanishedwhereas the intensity dfie NFW (1 1 1)
peak decreased.hese changes may be attributed to the transition fraonocrystalline to

amorphoustsite.



Chronopotentiometric data revealgliht time dependenceof the corrosion potentidor all

the samples under tg$tig. 2). TheEg, values registerefbr Ni-W coatingsn NaCl solution
were much more negative than for Ni referensesmilar relation was observenh [9]. The
corrosion potentiatiecreasedraduallywith increasing W contenn the alloyand he most
negative Ecor was noted for the sample with the largest W content, namely @1
Values of the corrosion potential afterand24 h exposition are compared in TableTBey

are practically the sameThe resultsfor Ni-W samplesshow small scatter. Standard
deviations of averageH. for samples for each considered composition were very slight
(Table 2)

Assuming a similar ratef the cathodic reaction (oxygen depolarization) on tested materials,
this finding appears to excludbe beneficial effect of alloying W on the passivity or just
suppression of anodic dissolution of the generated alloy coafihgsprevailing opinion is
that Ni is leaching from the NIV alloy and accumulating W suppressesiisdic disolution.
However this findingefers to acid salitions [1,310,17. In slightly alkaline solution (trate
buffer solution pH = 9,2) Ni6W exhibits a peferential dissoltion of W [31 and
conceivably a similar behavioapplies fomeutral solution studied in this wods well.

Slight change®f the corrosion potentialvith time allowed assuminghat thestability of the
corrosion processinder test was achieved. Therefofirstimpedarce measurements were
initiated after 1h immersionThese measurements were repeated after 24 h to assess the effect
of exposure time.Comparisons ofacquired spectratypical for each considered NV
composition after both exposure times stnewnin Bode formabn Fig. 3

Impedance responseollected for Ni coatingafter 1h shows one, very broad and
unsymmetricalpeak of the phase shift (Figa3 Such a shape can be related with an
overlapping of two peaks corresponding different phenonena of close time constants.
Indeed, &er longer exposure a hungppeared on the low frequency side of the phase shift
peak, indicating itsplit into two ones.Low frequencyimpedancevaluesincreasedslightly

for the longer gposure suggesnhg smallimprovement irthe corrosiorresistancef Ni.
Impedance responses for-Wi coatings are significantly different thahat one for Ni and
unexpectely similar for all alloy @mpositions studied (Fig 20. Spectra recorded after 1 h
exposure show a peak phase shift ammediumfrequencyregion andan additional response

at low frequencies. Themedium frequency peak (called late-Npeak) is well shapednd
occurs aabout 10 HAor all the NiW samples, irrespective of W contelnt.contrast, lte low

frequency response (called later LF response) is very poorly defirmdiow W alloys this



responsdooks like a spectrum distortiofFig. 3 and d), whereas is more outlined for
alloys with higher W cotent(Fig. 3= and f) LF impedance values are reasdgabmilar for

all the NFW alloys under test.

Impedance spectra acquired after 24 h show clear changes. The MF peak is shifted to lower
frequenciesand the LFresponse becomes more distinguishallas clear, that his LF
phenomenois characterized byery large time constan€omparing to data taken after 1 h,
LF impedance values do not change much, but corresponding LF phase shift values are larger.
Of interest is thaall Ni-W coatings show smaller Limpedancevalues than pure Ni sample.
This finding suggests that alloying with W results idrap incorrosion resistance

Evident differences in impedance data for\Miand Ni coatings (in the shape gbectra,
characteristic frequencies and impedance values) indicate different nature of corrosion
processes of these materialdowewver in these both cases spectra containing tine
constants were acquire8uch impedance responses can be relatbetBrogeneous reaction
(localized corrosion) on electrode surface oth® charge transfer process @oplished by
reagent adsorption or diffusion surface porosityThe two times spectra were attributed to
nonuniform corro®n on cracked NW coatings [3Q The recordedimpedance data were
modeledusing an equivalent electrical circuit shown in Figlt3is clear that the parallel
combination ofR, andCPE; is related to the M peak whereas the parallel combinatiohR;
and CPE, corresponds to the LF response. Howeuee, physicochemical meaning ofis
circuits componentsxcept theR; (solution resstancewas uncleaa prioriand wasdecided
upon obtained fitting result®btained values of a given circuit parametwe as a criterion
to prescribehis parameter to the specific process.

Values of selectegharaneters, derived from anais of cdlected impedance spectrare
shownin Table 3 Data in this table showhangedn averaged resultsetween 1 and 24 h
exposures. findard deviationg/ere also indicatetbr values after longer exposure (24 h), to
assess thdatareproducibility. The resstanceR, and the parameter, of the constant phase
elementCPE, refer to the MF peakThe n; values are close to 0(Fable 3) approximating
capacitor behavioutValues of capacitance derived from tG®E; parameters were in the
range 26100 O F / %ctypical of the double layer capacitance in aqueous solutiirerefore
this MF peak was related to the charge transfer process. ddmappnents of the equivalent
circuit (Fig. 4) corresponding to this phenomenocan be interpreted @be charge transfer
resstance R;) and the constant phase elemetigéscribingthe double layer capacitance
(CPEY).



Otherbehaviow was found foitheresistancd?; and the constant phase eleméRtE,, which
concern the E responsebserved for NW coatings The resistanc®; increased much with
time (Table 3).Estimated values othe CPE parameterY, for Ni-W sampleswere very
random, whereas, valuesapproximated0,6. This ismore than 0,5, characteristifor the
diffusion impedance with senmfinite diffusion layer (Warburgmpedance). Howevgethe
shapeof the LF responsm Nyquist format(a more or les$inear tailturningto the real axis at
very deep frequenciesuggestgatherfinite thickness of diffusion layer [31Thus, the LF
response was asbed to diffusion proess with finite hickness of diffusion layerSuch a
diffusion impedance is expressed by complicatggherbolic tangent equation [Band te
representationf this process by parallel combination thie R; and CPE, (Fig. 4) constitutes
a rough approximabn. However the resistive componem; gives anestimateof the low
frequencies limit of the diffusion impedance and this apprasakeful for a comparative
purpose

The analysis otompositional dependence$ impedance parameters from Table 3 yiedds
better insight intadhe corrosion process of NIV coatings. The charge transfer resistaRge
showsa decreasing trend with W content in the al{@gable 3) It implies, that this process is
faster for W rich coatingsSuch a behaviour can be explaineddayivating effect of grain
refinement[1,12] observed with increasing W contentpreferential dissolution of Vi29].
Meanwhilethe diffusion related LF response wasarly prorounced for W rich alloys (Fig.
5) and thecorrespondingesistanceR; increased with time and W content (Table 3hese
findings incline us towards conclusiaiatthe diffusion occurshroughathin surface film of
corrosion produts, conceivable tungstates.The stronger suppression of this process (higher
Rs values) for W rch coatings coincides with their faster dissioln and thus larger amounts
of generated products of W oxidatioithe surface film generated under these conditions
could be thicker and/or more compact

The sum of thé, andR; can be considereals an indiator of the corrosion resistanc€his
sum is smaller for NW coatings when compared to Bample, indicatindnigher corrosion
resistance otinalloyed Ni.Interestingly,after 24 h exposurthis sumis practically the same
(within standard deviations) faall Ni-W composition underThis finding suggests vg
comparablecorrosion resistance of all N, irrespective of W contenfAs discussed above,
this behaviourcan be the result of amterplay of activating effect of grain refinemewr
preferential dssolution of W from one sidenddiffusion barrier action or inhibition provided

by the surface film of W oxidation products from other side.



Poentiodynamic polarization studiesere performedafter the completion of the second
impedance measurement (af h exposure)Polarization curves, typical for studied alloy
compositions, areompared in Fig. 6

Corrosion parameters were determined uporatiadysis of polarization data in the vicinity of

the corrosion potentialSelected radts obtained from tis analysis namely the corrosion
potential(zero current potentiaBco.Q the corrosion current densify, and the polarization
resistanceR,, are presented in TableBhe comparison of thig, values proves muchfaster
corrosion ofNi-W alloy coatings than Ni sampld&he difference igather largeabout one
order of magnitudeWhat is interesting is, that ali-W coatings show comparable values of
the corrosion currentdensitf.hey remain in very narifToere band:
is no clear cutrend with W contentSimilar conclusion can be inferred from results reported
inwork [1] for NikW coati ngs deposit e dl6% W TBeseAiadingsnd c o
contradictresults of work [9] done in similar solution, whersignificantdecrease in thgo

was observed when W content increased fsgiio 16 % W.

However,similar conclusionsabout quite similar corrosion resistancetegtedNi-W alloys

can be made upon the comparison of respe polarization resiancegTable 4) It is worth
noting, that the independence of the corrosion resistance-@h allioy composition was also
inferred from impedance data. Hewver, the corresponding sumstbé resistanceR; andR;
(Table 3)werein some cases twiiree times largerthan valus of theR, derived from
polarization datgTable 4) This discrepancy can originatem nonsteady stateonditions
underpotentiodymmic measurementtt should be noted, thahe reading®of the corrosion
potential from polarization curvds,,0 ( €43 dreslightly more negative, comparing to the
steady state values of tkg, (Table 3).

Another pointdeserving attention is the relation between the corrosion current density and

linearcorrosion rate expressed in mm/yéktnis relation is givety the equation:

r= %ﬁ%ﬁq =Ky O
where:r 1 linear corrosion rate, F Faraday constankly anddy T atomicmassand density
of the metal M,ny T number of electrons exchanged in the rieacof metal M dissolution
andky T proportionality coefficiat dependent of metal properties. Taking into consideration
the relevant properties of Ni (atomic mass: 58,7 g/mol, number of exchanged electrons: 2 and
density: 8,9 g/cr}) and W (atomic mass: 183,9 g/mol, number of exchanged electroribe6
oxidation b W(VI) in tungsenates, and density: 19,3 gfdmit can beshown that the



proportionality coefficienky for W is about twice smalleh#n for Ni. This indicates, that
despite of the identity of the,, the linear corrosion rate should be smalleMbrich alloys.
The difference in W content in studied alloys is 1@%suming the stoichiometric dissolution
of studied NiW alloys, this reduction irr valuesis rather small (about 5% less than
standard deviations of thg 1 Table 4).However, ths effect can be pronounced in the case
of a preferential dissolution of W 92

The course ofpolarization curvesat hgher anodic polarization (Fig.)6confirms the
significant difference in anodibehaviourof tested materials. Ni coating sh®an arresin
anodic current fronthe E¢o, till ca. 0,05V. Then, an abrupt rise in anodic current is observed,
which coincides vih the onset ofpitting corrosion. The pitting became severe at higher
anodic polarizationln the contrary, NW alloys exhibit more @gative corrosion potentials
and higher cathodic and anodic currents in the vicinity of tBgjr. Anodic polarizatio of
these alloy leads to gradualincrease irthe dissolution currentill a maximum at ca-0,17
0,2V and then, after a slight dease, a wide plateau is observ&imilar shape of anodic
curves was reportefbr Ni-W [27] and CeW electrodeposits [33in NaCl solutions.lIt is
worth noting, that this suppression of dissolution ofWWicoatings occurs in the region of a
sharp increasef@nodic current and intense dissolution of pure Ni sample. This behaviour can
be associated with the inhibiting action of generated W oxidation pof8#t Tungstenate
form a cation selectivefilm, which resiststhe incorporation of chloride anioret higher
potentials and thus withstands pittif@®]. Of interest is thathe couse of polarization curves
for all Ni-W coatings is quiteimilar at high anodic potentials (Fig).6

After the completion of corrosion studies the morphology of testedngsatwas inspected
under light microscopy. A significant difference in the surface state was revealed. The
micrograph for Ni coamg shows severe pitting (Fig.a). Lateral size of observed pits
approachesabout1 0 0  The .ompletely different damages webserved for NW
coatings.Their surfaceshows iridescent colours, characteristic M oxidation productson

the whole range of vision (Figh#,9 or only on separatportions (Fig. €,f). Conceivably,
these products can generate the diffusion lioita for corrosion process, observed in
impedance test. Samples-NIW (Fig. 7b) and N20W (Fig. &) ae quite urnformly
corroded. Whereas samp\g-18W (Fig. @) shows extensve localized attack alongracks.
Slightly marked tiny lines of cracks wee olserved for somasamples in as received state
However, these cracks became deepen by the corrosion préoession damages for Ni

15W (Fig. &) and Ni21W samplesKig. &) occur only loally, but they concentrate close to



cracks, especially points ohair convergencelt is obvious, that these damages were
intensified upon anodic polarization. However, it is conceivable, that this localized corrosion
attack was initiated durg the long exposure at the open circuit conditiang it corresponds

with the corrosion chacteristics presented in Table 3 and 4

Micrographs presented in Fig 6 are selected to show the most representative images of
corrosion damages for studied-Mi compositions.However, these results do not allow us to
make a definite conction on the effect of the alloy composition on the corrosion induced
morphology.The effect of coatings thickness for was also not clEae. mode of corrosion
damages does not coincide much with the alloy microstructure and the transition from
microcrystdline to amorphous stateQuite different pictures (more uniform corrosion or
intense attack at cracksere observed within the same greb samplesThese differences

are likely more related to the preparation conditidghan to the alloy compositioiarious
corrosion damages were observed for samples of very similar composition, prepared from the
same solution inconsecutive experiments (after different charge passéthwever, the
difference in corrosion resistance Nf-W coatingswith vast cracks rad without visible

cracks wasnuch less, than reported in [30
Conclusions

The findings of the present work imply following conclusions:

f Ni-W coatingscontaining from 11 to 21 at.% W and having? Om i n t hi ckne
electrodepositedrom citrate slution by varying the cathodic current density and
deposition timeThese coatings were divided into five groups with similar composition
and used for structural and corrosion tests.

1 XRD studies of obtained coatingsgth low W contentrevealed the presea of new, not
described till nowphaseconstituted by aolid solution ofNi in b.c.c.W.

1 Increasing W content ilNi-W coatings resultedh the grain refinement antlansition
from microcrystallindo amorphous structued about19% W.

1 Obtained NiW alloys exhibited a clearlylecreased corramn resistancén NaCl solution
when compared to pure Moating

1 All tested N#W coatings showed quite comparable corrosion resistance in this solution.
No clear cut relabn between the corrosion raend W context was detectedThis

behaviour can be the result of anterplay of activating effect of grain refinement or



preferential dissolution of W from one side and diffusion barrier action or inhibition
provided by the surface film of W oxidation products frotimen side.

1 Studied NiW coatings exhibited different corrosion damages from quite uniform
corrosion to localized attack at crackBhese differencesvere more related to the
preparation conditionthan to the alloy composition.

1 An inversion in the dissotion behaviour of NW and unalloyed Ni was observed with
increasing anodic potentiaContrary to pure Ni, NW coatings were resistant to pitting

corrosion in NaCl solution.
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Tables:

Table 1 Characteristics of coatingsmdercorrosiontest

samples group W content thickness number of samples
denotation (averaged
at.% Om
Ni 0 8 3
Ni-11W 11 27 2
Ni-15W 15 8 3
15 1
Ni-18W 18 7 3
13 5
15 2
Ni-20W 20 12 3
16 2
52 1
Ni- 21W 21 7 2
13 2

Tale 2. Values of he corrosion potentialfter different exposure times

samples & gr o Ecorr after 1 h Ecorr after 24h
Visce _ Visce _

Ni 0, 13NO0, O 0, 13NO0, O

Ni-11W 0, 32N0, 0 0, 32N0, 0

Ni-15W 0, 42N0, 0 0, 41N0, O

Ni-18W 0, 44N0, 0 -04MW0, 03

Ni-20W 0, 48N0, 0 04N 02 0

Ni-21W 0, 49N0, 0 -046N0, 02

Table3. Selected impedance paramet@isange in observed values between 1 and 24 h

exposures is marked with sign Y, standard de

samples R, Ny Rs no R+ R3

group k qc™m k q ¢“m k qcm

Ni 17 3¥IN9 084 Y | 47 WYN5%| 0,71Y 64 YNBI9
0,805 0 0, 69N

Ni-11W | 12 1¥N1 0, 89 18 Y 1 0,62Y 30 Y 2
0, 94N/ 0, 63N

Ni-15W 6 Y 6 0, 87 5 Y 613 0,70Y 11 Y81
0, 88N 0, 63N

Ni-18W 3 BN2 0, 88 9 36 0,509 12 YN62
0, 87 N( 0, 60N

Ni-20W 2 Y™ 8 0, 84 9 3¥N4 0,56 11 Y63
0, 83 N( 0, 60N

Ni-21W 2 Y13 0, 85 6 Y R4 0,60 8 Y 3R¢
0, 85N 056 N @,




Table4. Corrosion arameters derived from the ansi/of mlarization data

Sanple Ecorr(j J corr Rp

Vlsce OA/Tm k qc®m
Ni 0, 16 N0, ( 0, 32NO0, 1 140N30
Ni-11W -0, 34N0, ( 3,2N0, 7 16 N1
Ni-15W 0, 43N0, ( 3,7N1, 1 13N3
Ni-18W -0, 50N0, ( 4, 3N1, 4 11N3
Ni-20W -0, 53N0, ( 3,0NO0, 5 10N4
Ni-21W -050N0, 02 3, 7N0, 6 9 N3

Captions of figures
Fig. 1. X-ray difractogram®f Nii W coatingswith different tungsten content.

Fig. 2 Time dependence of the corrosion potentials of studied samples

Fig.3 Impedance spectra (Bode format) for a) Ni, blIlW, c) Ni15W, d) Ni18W, e) Ni
20W and f) Ni21W dter different exposure times.

Fig. 4. Electrical equivalent circuit used for the analysis of impeea@pectra. The meaning
of symbols is as followdR; i solution resistancds, i the charge transfer resistanC&E, i
constant phase element descrilting double layer capacitand®,andCPE, i approximate

thediffusion impedance through the surface film.

Fig. 5. Comparison oimpedance spectra taken aftert2ébr Ni-W coatings with different W

content.

Fig. 6. Anodic polarization curves for testedatings in 0.5 M NacCl

Fig. 7. Micrographs of samples surface after the corrosion test: a) Ni;D)\Nj c) Ni15W,
d) Ni-18W, e) Ni20W and f) Ni21W
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