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Chromate conversion coatings are used widely for further protection of zinc plated
parts. Unfortunately, this involves the highly toxic, carcinogenic and environmentally
undesirable chromium (VI) solutions. Thus economic consideration coupled with an
increase in environmental awareness, have accelerated efforts to find non-toxic
alternatives to chromate. Molybdate and tungstates have been examined as possible
replacements but chromate treatment was found to be superior to these treatments.
This paper involves a detailed study of a novel method that retain chromium species
in conversion coating whilst eliminating the highly toxic hexavalent chromium from
the treatment solution. This method involves the electro-deposition of zinc-chromium
alloy coatings and then oxidising the alloy coating surface by immersion in a simple
oxidant solution, such as permanganate.

This paper presents and compares the results of electrochemical and salt-spray
measurements of the conversion films formed on zinc-chromium and zine-
choromium-nickel alloy coatings to those found for a selected range of commercially
produced deposits. Preliminary investigation into the composition and chemical
states of the conversion films using Auger electronspectroscopy (AES) and x-ray
photoelectron spectroscopy (XPS) has been conducted.

15



152

Introduction

Zinc coating has been successfully employed for
protecting steel from corrosive attack in a variety
of fields over a long period of time. The principle
reason for this has been the low cost of metal zinc.
This, allted to the technical suitability, makes zinc
coating a popular choice. the protection offered by
zinc coating to underlying steel substrate against
corrosion is considered to be two fold. Firstly, zinc
acts as a physical barrier to corrosive attack in most
atmospheric condition. Secondly, due to the fact
that zinc is more electronegative to iron it provides
an electrochemically sacrificial protection, in
which zinc tends to dissolve preferentially when
the two metals are in contact in an electrolyte,
leaving iron intact.

A disadvantage of zinc coating is that it quickly
develops an initial white powdery corrosion
product known as ‘white rust’ in some corrosive
environments particularly those contain chlorine.
One of the most effective approaches to delay the
formation of such a corrosion product is to convert
the surface of zinc into a layer of chromate
conversion coating by a passivation treatment '
Many types of chromate conversion coatings have
been commercially available for decades, some of
which such as the colour conversion chromate
coating are widely used because their excellent
corrosion resistance. It is believed that a colour
conversion coating contains Cr(IIl) species in the
form of chromates’ The Cr(llI) portion is
insoluble in aqueous solutions and contributes to
the construction of a framework of protective
barrier, whilst the Cr(VIl) portion, containing
chemical compounds which are recognised as
effective corrosion inhibiting agents, is soluble in
aqueous solutions and contributes to the
construction of a framework of protective barrier,
whilst the Cr(VI) portion, containing chemical
compounds which are recognised as effective
corrosion inhibiting agents, is soluble in aqueous
solutions and absorbed in the framework. In a
humid environment the Cr(VI) species can leach
out and react with the exposed zinc, which is a
result of corrosion damage, to convert to Cr(lIl)
species which consequently re-heals the broken
part of the barrier.*

Since the early 1980’s there had been much interest
and notable development in electrodeposited zinc
alloy coatings for the similar end use as zinc
coating and for the replacement of electrodeposited
cadmium coating. The driving force behind this is
the automotive industry as a response to the
demand for a longer warranty life of virtually all
parts in vehicles, when salt had been increasingly

used on the roads as de-icing agent. Some of the
zinc alloy coatings such as Zn-Ni with 12~15%Ni
and Zn-Co with 0.2~1.2%Co have been widely
viewed as more resistant to corrosion in
comparison with single metal zinc coating.® On the
other hand, studies on these zinc alloys have also
suggested that although these alloys achieve
corrosion resistance superior to single metal zinc
the difference between chromated zinc alloys and
unchromated zinc alloys is larger.*” This means
that chromate conversion coating could be a
primary choice to the zinc alloy coatings once
greater corrosion resistance is desired.

Therefore, chromate conversion coating appears to
have a high potential application once again on
zinc alloy coatings. Chromate conversion
treatment, unfortunately, suffers from solutions
which contain highly toxic, carcinogenic and
environmentally undesirable Cr(VI) compounds.*
As a result of this, the concentration levels of
Cr(VI) allowed in the workplace and effluent are
becoming regulated by government agencies.'®"
Thus the economic consideration, coupled with an
increase in  environmental awareness, have
accelerated efforts to seek non-toxic altematives to
chromate conversion treatment. In fact, the trend
of this development has already indicated the
beginning of the end of using chromate treatment
in the metal finishing industry."™ " Phosphating
treatment' and the more recently developed Cr(1I)
type treatment based on ‘Chrometan’ '* give a
certain degree of corrosion protection. Also ,over
the last decade, some non-chromates-based
conversion coatings, such as those obtained from
solutions containing other group VIA oxy-anions
like molybdates and tungstates, have been
proposed to replace the chromates-based
conversion  coatings.'®"’ The analogy of
molybdates and tungstates to chromates has been
recognised in the sense of being a corrosion
inhibitor, many experimental comparison,
however, have shown that chromates-based
conversion coatings still  possess corrosion
resistance superior to molybdates or tungstates-
based conversion coatings."‘" Therefore, in the
present study an alternative approach, which was
aimed at retaining the effectiveness in corrosion
inhibition of chromates within a conversion coating
whilst eliminating the toxic Cr(VI) compounds in
solution for conversion treatment, was investigated.

The objective of this study was to develop such a
novel alternative to chromate treatment that it
should be more environmentally acceptable than
chromating ftreatment and able to “generate a
conversion coating, with a comparable or superior
corrosion resistance to a chromate coating, on the



surface of electrodeposited zinc and zinc allov
coatings.

The practical approach was 10 introduce chromium

into zinc and zine-mickel coatings by means of

electrodeposition and to oxidise the surface of the
alloys in suitable medium which contain no
chromates but a simple oxidising agent. This
subsequently yielded a layer of conversion coating
containing chromates and other chromium oxide
species on the surface of the alloy coating. The
chromium content needed to contribute to the
chromate-based conversion film comes from within
the atloy deposits and the toxic chromate treatment
ts therefore eliminated.

The tnvestigations presented here are concerned
with assessment of conversion coatings formed on
Zn-Cr and Zn-Ni-Cr alloy electrodeposits by
immersion into a simple acidic solution that
contained permanganate.

Experimental

The zinc-chromium electrodeposits were prepared
form the bath shown in Table I. in the case of
zinc-nickel-chromium deposits, the electrolyte was
adjusted so as to achieve a desired composition of
14% nickel, which is believed to give optimum
corrosion  performance for zinc-nicke! alloy
deposits.**

Mild steel cathades were used as substrates for
deposition of the alloy. The cathodes were
polished with silicon carbide paper grade 500,
degreased in acetone, and coated with the lacquer
to leave a working area of 4xdcm’. They were then
treated cathodically in 2 solution containing 50-70
g/l alkaline c!eanmg agent with a current density of
50 mA/cm’ at 80°C for one minute, followed by a
rinse in deionised water. High density graphite
was used as an anode. Electrodeposition was
carried out under potentiostatic mode, with
circulated electrolyte to ensure a sustained
deposition.  Cathode vertical movement was
employed to minimise the destructive effect of gas
bubbles thus improving the quality of the deposits.
The composition of the alloys was determined by
X-ray fluorescence in a IXA-50A
Electromicroscope  attached with a Link
electromicroprobe analysis unit.

In  the formation of conversion films
electrodeposited alloys were pre-treated in a 3%
(v/v) nitric acid solution for 10 seconds and then
rinsed in de-ionised water. This was followed by
the immersion of the coatings into a solution
containing 5g/l KMnO, ,20ml/I H,50, and 10ml/]

HNO: for a period of 60 secondsat a temperature of

30C and a2 pH of [.5The chromate solution
consisted of a solution cotaining  200g]
K.Cr,0-2H,010mil H,SO, and 3ml] HNO,
After treatment the coatings were rinsed again in
de-iontsed water, and dried in hot air or idled for a
certain period of time.

Poteniodynamic polarisation measurements were
carried out for the alloy coatings in a non-deareated
1.0 M NaCl solution pH 6.0 and at 30°C, using an
EG & G-352 corrosion measurement systerm. The
anodic and cathodic polarisation curve in the Tafel
or linear region were obtained with a typical
potentiodynamic scan rate of 10mV/min. The
corrosion currents, / corr, can be calculated from
Tafel Constants (fa and Bc) which were obtained
from Tafel plots, and from the Polarisation
Resistance, Rp, which was determined from the
slope at the origin of polarlsatlon curve, using the
Stern-Geary equauon

leor = (Bax Bc)/[2.303 x Rp x (Ba + Pc)] (1)

In the present case where dissolved oxygen exists
in the solution it was assumed that the cathodic
reaction was diffusion controlled and B¢ >> fpa.
Thus the corrosion currents can be calculated from
a simple form of equation (1) as

leorr = Ba/(2.303 x Rp) (Ih

A Perkin-Elmer PHI 550 ESCA/SAM electron
spectrometer with an Mg ka X-ray (1253.6eV)
anode was used for XPS and AES analysis of the
conversion film formed on the coatings. Survey
and high-resolution XPS spectra were obtained
with the energy analyser operating in a constant
transmission energy mode at pass energies of 100
and 50eV. The pressure in the analyser chamber

‘was maintained at less than 107Pa during analysis.

The voltage and current of electron beam for the
AES depth profile were 3KeV and ipA
respectively. An argon ion gun with voltage 3kV
and emission current of 100puA/cm’® was used for
depth profiling studics, the sputtring area was | x |
mm’. Binding energies were comected for
charging effects by reference to Cis peak
{284.6eV) and their estimated etror was [Q.leV.

Results and Discussion

Electrodeposition of zinc-chromium and zinc-
chromium-nickel

Table | shows the bath used to deposit-Zn-Cr and
Zn-Ni-Cr alloy coatings. It has been found that the
deposition of Zn-Cr alloy reveals characteristics of
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anoemalous codeposition with zinc as a less nohle
metal being preferentially deposited.
Concentrations of zinc  and chromium in
electrolytes are both critical tor the qualitv and
chromium content of Zn-Cr deposits. From a low
zinc bath (<0.1mol/t zinc sulphate) thin deposits
containing up to 40% Cr could be obtained onlv
when the zinc concentration was maintained at near
0.2mol/l and chromiuim concemtration above
0.8mol/t. Current efficiency was found 1o be up 1o
43% in the optimum range of cathode potential,
Vertical cathode movement was found to be
effective in minimising the negative influence of
the hydrogen gas bubbles on deposit quality. The
results” of the bath operation parameters are
previously rep()rted.Zl

Fig. la: Optical micrograph of the surface
topography of Zn-4% Cr alloy deposit

(x400)
Table - Composition of Bath used in Zn-Cr alloy
deposition
Concentration (g/1)
Component Zn-Cr Zn-Cr-Ni.
Electrolyte | Electrolyte
ZnS0, . 7H,0 57 57
CrCl;.6H,0 215 215
NiCl,.6H,0 240
Urea 240 48
See'ry Complexant 38 38
H,BO, 9 9
NH,CI 27 27
NacCl 29 29
Bulk pH 2.0-3.0 2.5-3.0
Temperature °C 20-25 25
Agitation Cathode Cathode
movement movement
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Fig 1b. Opticat micrograph of the surface
topography of Zn-4%Cr- 14%4Ni alloy
deposit (x400)

Zinc-nickel-chromium alloy coatings were also
deposited freom a similar electroiyte with an
optimum alloy composition of 12~14% nickel and
up to 10% chromitm. The results of the bath
operation parameters are previously published.”
The surface morphologies were primarily studied
by scanning electron microscopy. The surface of
the electrodeposited Zn-Cr and Zn-Cr-Ni alloys
(Figure Ia and Figure 1b) were very smooth
uniform coatings following the topography of the
underlying substrate, there was no evidence of any
microcracking. Figure lc shows a typical feature
cross-section of Zn-Cr alloy coating after etching.

Fig lc:  Optical micrograph of the cross-sectional
structure of Zn-4% Cr alloy deposit
(x400)

Conversion Coatings Morphology

Effect of chromium content in base alloy

During the treatment process the chromium
necessary of the “formation of conversion film

comes from within the base alloy and as a result the
chromium content of the alloy became significantly
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Faor Zn-Croafiovs when the duration of inunersion
was up o 20 second. hight vellow conversion films
were obtwmned on the allovs of 2% Cr. whilst
descent tilns were obained on the allovs of 6%
and T070 Cro A simitar pattern of variation in {ilm
appearance can also be seen tor Zn-Ni-Cr allovs,
although these films appeared more btue than those
formed on Zn-Cr ailovs. When immerston times
increased. hugher chromium content frequently led
to darker films, and the difference in appearance
between ditferent tvpe of alloys became large.
With  higher chromium content and ionger
immersion time, Zn-Cr alloy tended to vield brown
inidescent tilms whilst Zn-Ni-Cr produced dark-
blue 1llms.  The experimental results have also
shown that immersion times beyond 60 seconds
usually  produced films with micro-cracking
although the films were somewhat thicker.

Fig 2a: Twpical pattern of microcracks of
chromate conversion coating on Zn
(x400)

The permanuanate passivation treatment uenerally
produced coatngs with microcracks not  too
dissimilar to chromate coating {Fieure 22 and
Fizure 2by Films of this tipe are considered 1o
have a wel-like structure when formed. but upon
drving they crack ™

Fie 2b Tyvpical pattern of microcrach< of
PErMangLanare conyersion coanng on /-
Cralloy deposit, (x:400)

Composttion of  camversion film cand iy
redutionship with colour

Information on the composition and chemical states
of the present conversion coatings are :mportant for
a fundamental understanding of properties of the
coatings. Composition of conversion coating has
been found to be largely related to its colour. as it
was studied by some authors in the cases of
chromate conversion coatings‘“ The suggestions
have been that the green-blue colour distribution on
the film is related to Cr(Ill) oxide species and the
orange-red is related to Cr(V1) oxide species.
Certainly another factor that influences film colour
13 the. thickness of the film and it can be explained
by photo-diffraction phenomenon.

Surface examinations of the formed conversion
coatings in the present investigation have shown
that there was a good correlation between the
chromium percentage of alloy and the distribution
ratio of green-blue to orange-red area of the film
surface, namely, the higher the chromium content
of the alloys the higher the ratio of the orange-red
colour was found, provided the solutions and
operating conditions were identical. This would
indicate the existence of both Cr(IIl) and Cr(VD
oxide species in the films. and 1 would also
indicate that the portion of chromium from the
alloy being converted into hexavalent chromium is
proportional to the chromium percentage of the
alloys.  Figure 3a shows a ivpical surface of

conversion coating obtained on Zn-Cr allov of

6%Cr from permanganate solution. [t is compared
with a typicai surface of chromate conversion
coating on zin¢ in Figure 3b. The permanganate
treatment generally produced conversion coatings
with a characteristic colour distribution stmilar ta a
chromate conversiomeoatings, .
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Fig 3a: Typieal surface of conversion coating on
Zn-Cr alloy deposit obtained from
permanganate passivation treatment.
(x300))

Fig 3b: Ty.picai surface of conversion coating on
Zinc obtained from chromate treatment.
(x400)

Examination of the surface of the conversion film
formed on the Zn-4%Cr and Zn-Ni-Cr (14% Ni and
4% Cr) alloy deposits, treated in 5 g/ KMnO,
solution, by Auger clectron spectroscopy (AES)
revealed that the film formed on Zn-Cr contained
Cr, C, O, Zn and Mn. Figure 4a shows the
distribution of the above five elements in the film
as a function of sputtring time. The conversion
layer was about S00A° thick and was probably a
mixture of zinc oxides, chromium oxides and the
surface carbon and oxygen were very high
presumably due to environmental impurities. The
sharp rise in chromium peak intensity between 0-5
min  sputtring time supports the mechanism
proposed in that the chromium content near alloy
surface become enriched when the zinc from the
alloy is preferentially dissolved. Again, referring o
the AES depth profile of conversion coating formed
on Zn-Ni-Cr alloy coatings (Figure 4b).  From
Figure 44 and Figure 4b, it is found that the
contents of the above elements are nearly constant
after 5 min of argon sputtering, which suggests the
alloy deposits are homogeneous.

Peak to Peak Height
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Fre da: Depth profile ol composition determined
by AES for conversion film formed on
Zn-Cr coating treated in 5g/| KMnQ),
solution.
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Fig 4b: Depth profile of composition determined
by AES for conversion film formed on
Zn-Cr-Ni coating treated in 5g/1 KMnO),
solution.

X-ray photoelectron spectroscopy (XPS) was used
to a understand the valence and type of bonding in
the conversion film obtained. A peak correspond to
Cr2Pyp at 577.0 eV resulted from chromium
oxides, Cr,0y (576.6eV), or CrOOH (576.8¢V).
Oxygen in the Cr-O bond revealed a peak at
531.3¢V. Accordingly, the Ols peak a1 531.5eV
can be assigned to 3xygen in Cr(; bonds, These
values show that there are both CrITD and Cr(VD




values show that there are both Cr(l1ly and Cr(V
in the film. The existence of Cr¢l1) and CriVi) m
the film supports the mechanism proposed for the
formation of conversion film on Zn-Cr allovs. The
binding energy peak for Zn is [022 eV which can
be assigned to that of ZnO allovs. The XPS spectra
of Mn,P,; at 642.0eV can be assigned to Mn,0,
(641.1eV), MnOOH (641.5). Mn.O, (641 6eV) or
MnO, (642.4eV).

Mechanism of Formation of Conversion Coating

The present process of conversion treatment is a
chemical immersion process, simply involving o
base alloy, either Zn-Cr or Zn-Ni-Cr, and a solution
which contains an oxidant and inorganic acids as
major components. The solution was made highh
acidic with pH in the range 1.3-1.8 and was
operated at ambient temperature. In order to
understand the process the formation mechanism of
the conversion coating is proposed here for
discussion.

Taking Zn-Cr alloy coatings as an example, when
such a coating is immersed into an above
mentioned solution, zinc from the outer layer of the
alloy preferentially dissolves and reacts with
hydrogen ions within the alloy-solution interface.

Zn+2H" — Zn™ +H, (H

Chromium content near atloy surface is enriched
and activated; its dissolution takes place after being
oxidised by permanganate. This can be
represented simplistically by;

5Cr+3MnO,_+ 24H" - 5Cr™" + 3Mn”" + 12H,0
(2)

A portion of Cr(lll) is then further converted by
permanganate to Cr(VI1).

10Cr*" + 6MnO, + 11H,0 — 5Cr,0,> + 6Mn®" +
22H" 3)

Reactions (1) and (2) can be regarded as
predominating reactions, during which hydrogen
ions within the alloy-solution interface are
consumed quickly and this results in a rapid
increase of pH in the interface. When pH attained
a critical value a complex chom gel. which
contains Cr(Ill) and Cr(VI} oxo/hydroxo species,
and probably zinc hydroxide and zin¢ chromate
species as well. The conversion layer will include
some form of manganese species. Reference to
Porbaix diagram Figure 5 for manganese indicates

that i1s can undergo reactions, not only by

oxidation, with the formation of lavers of MnQ..

Mn.0Q,, and Mn,O, or soluable derivatives Mn(,
and MnO,”. but also by reduction with the
formation of the hydroxide Mn(OH).. When such
formed gelatinous layer is dried it dehydrates.
vielding a dense {aver of conversion film which
contains Cr([iD) and Cr(V]) oxides.

E(VIivsNFE Y

Fig 5:  Potential - pH diagram for Mn-H,0O
system at 298K

When the base alloy coating is Zn-Ni-Cr rather
than Zn-Cr the following reaction takes place in
parallel with the above oxidation reactions;

5Ni + 2MnO,- + 16H" — 2Ni** + 5Mn”" + 8H,0
4)

Corrosion Tests
Electrochemical corrosion tests

The results of the electrochemical corrosion tests
are shown in Tabie 3. For the as-plated coatings,
stightly lower corrosion currents obtained for the
Zn-Cr alloy than for single metal Zn, although the
protection is broadly similar. Passivating the Zn-
Cr alloy with a permanganate treatment and the Zn
coating with chromate treatment, reduce the
corrosion rates and shift the corrosion potentials in
the positive direction. A comparison between these
two  conversion  coatings  suggests  greater
improvement of corrosion resistance was offered
by Zn-Cr with permanganate treatment.

The as-plated Zn-Cr-Ni and Zn-Ni displayed
similar order of corrosion current with the Zn-Ni
showing slightly lower value. However, the
corrosion currents were reduced by half as
compared to Zn and,Zn-Cr alloys. Also-it can be
seen that the corrosion potentials were more
positive in comparison with those for Zn-Cr
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containing same amount of chromium, indicating
the alloy have become more noble as a result of
alloying with nickel. Low corrosion currents were
measured for chromated Zn-Ni and permanganated
Zn-Cr-Nt alloy coatings. This result combined
with knowledge obtained from the studies of
passivated Zn and Zn-Cr indicates that in the
conversion coating nickel content in the form of
nickel oxides enhance the corrosion resistance of
conversion coatings.  However, it is clearly
apparent that the chomrate passivation treatment to
Zn-Ni coatings provides much superior proiection
than those of permanganate treatment to Zn-Cr-Ni
alloy coatings. The chromate coating treatment
achieves a considerable shift in corrosion potential
and corrosion current. It is believed that the
coating of hydrated chromium oxide provides a
very stable barrier and the incorporated reservoir of
residual hexavalent chromium provides an
oxidising passivator to film repair, thus achieving
continued corrosion protection even at high anodic
potentials before the coating eventually starts to
breakdown. This fact suggest that the oxident used
in this study is not sufficiently powerful to oxidise
Cr{IlI) to Cr(VI) at the level required.

Salt spray corrosion tesis

The as-deposited and permanganate passivated Zn-
Cr and Zn-Cr-Ni have been compared with Zn and
Zn-Ni commercially produced and chromated to
give similar conversion coating colour (yellow
iridescent) to permanganated Zn-Cr and Zn-Cr-Ni.
The results of these are summarised in Table 4.
From the table it can be seen that the as-deposited
Zn-Cr and Zn-Cr-Ni coatings showed much beiter
resistance to white rust and red rusts than those
commercially produced Zn and Zn-Ni coatings.
All the passivation treatments produced significant
improvements in corrosion performance over that
of as-deposited coatings. The permanganate
treated Zn-Cr coatings provided better resistance to
white rust as compared to chromated Zn coatings,
however , both coatings showed similar resistance
to red rust.

As shown in Table 4 | the chromate passivation
coating on Zn-Ni alloys achieved a superior
corrosion  performance than those of the
permanganate passivation coatings on  Zn-Cr-Ni
alloys, with times to white and red rust of 480 and
1416 hours respectively. The salt spray test
therefore suggests that these permanganate
conversion coatings produced on Zn-Cr and Zn-Cr-
Ni alloy coatings can be used as alternatives to the
conventional chromate conversion coatings
generated on Zn coating.

The 'results are in good agreement with
electrochemical corrosion test.
Conclusion

Good quality deposits of Zn-Cr and Zn-Cr-Ni
alloys can be obtained from an acid zinc bath based
on chromium (I11).

The formation of conversion coatings has been
achieved on Zn - 4% Cr and Zn - 4% Cr - 13% Ni
alloys electrodeposits by simple immersion into
acidic permanganate (KMnQ,) solution.

Auger electron spectroscopy and  Xx-ray
photoelectron  spectroscopy revealed that the
conversion coating thickness is about 0.5um and
mainly composed of Cr(lI), Cr (VD), zinc and
manganese oxides. This composition resembles
the composition, the valence and the bonding in the
conversion film obtained using chromate treatment.
The unpassivated coatings of Zn-Cr and Zn-Cr-Ni
alloys gave improvement in corrosion performance
over the commercially produced Zn and Zn-Ni
alloy coatings.

Three appears to be good agreement between the
salt spray and electrochemical corrosion tests.
Both tests show that passivating the Zn-Cr and Zn-
Cr-Ni alloy coatings with permanganate produces
an improvement in the corrosion performance over
the unpassivated alloys and chromated Zn.
However, the tests indicate similar trends that the
chromated Zn-Ni coatings are markedly.
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Table 2 - Surface appearance of conversion films generated on Zn-Cr and Zn-Ni-Cr alloys (obtained from 5g/]

KMnO, solution pH = 1.5 ~ 1.8, 25°C)

Type of Alloy Immersion Chromium content of alioy % (wt)
Time (sec)
2% 6% 10%
10 very light yellow light iridescent iridescent
20 light yellow iridescent iredescent
Zn-Cr 40 light yellow iridescent dark iridescent
60 dark yeliow dark iridescent brown-iridescent
90 yellow-brown brown-iridescent brown-iridescent
10 yellow iridescent dark iridescent
20 yellow iridescent tridescent-blue
Zn-Cr-Ni 40 dark yellow iridescent-blue biue
60 yellow-brown iridescent-blue blue
90 yellow-brown dark blue dark blue
Table 3 - Electrochemical corrosion test
Coatings Treatment E.. mY | fa R, icorr
(SCE) mv Qcm? mA/cm’
Zinc as-deposited -1063 12.4 2331 231x 107
chromated -965 53 434.2 5.30x 107
(iridescent)
Zn-Cr as-deposited -1041 18.1 379.7 2.07x 10°
(4% Cr) Permanganated 933 134 ¢ 1870.9 311 x 107
(iridescent)
Zn-Ni-Cr as-deposited -960 23.0 8304 1.20 x 10°°
{14% Ni, 4% Cr) Permanganated -922 15.7 111757 6.1x10*
Zn-Ni as deposited -1083 359 1180.9 9.66 x 10~
(14% Ni) chromated -881 28.6 236001 5.26 x 10”
Table 4 - Resuits of time to white and red rust in salt spray test
Treatment Salt Fog Corrosion ASTM B117 (Time, hours)
Zinc Zinc-Chromium Zinc-Nickel- Chromium Zinc-Nickel
WR S.RR WR SRR WR SRR WR SRR
As-deposited 6 120 48 216 50 380 24 360
Fermanganate 120 300 188 600 - -
Chomate 98 300 - - - - 480 1416
WR: White rust, SRR: Spots of rest rust. .
-
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