Repair of Metal

Compliant

Cadmium plating is widely used in
the aerospace industry for the corro-
sion protection of steels. Despite the
many advantages of cadmium plat-
ing, alternatives are required because
of the toxicity of the metal and its

compounds. One of the criteria used
in selecting a replacement for cad-
mium is that the coating can be re-
paired in-situ, using a technique such
as brush plating. This paper presents
results of research carried out into

the brush plating of steels using zinc-
nickel and zinc-cobalt electrolytes. As-
sessment has been made of the corrg
sion resistance of brush-plated stee
test panels and the use of zinc-nicke
and zinc-cobalt alloy plating solutions
in the repair of damaged metal coat-
ings.

Metal coatings are widely used on a
craftfor the corrosion protection of ste
parts, such as undercarriage comy
nents, axles, engine mounting plat
and steel fasteners. If a metal coati
becomes damaged, it is not always p
sible or desirable to remove the da

Coatings Using Environmentally
Brush-plating Solutions

KRBadwin  &C.JE.Smith

For normal requirements, such as things as alternatives to cadmium plat-
protection of landing gear componentsing.® These include ion-vapor depos-
an average coating thickness ofyi | ited (IVD) aluminum, electrodeposited
is used, whereas on threaded items afieD) zinc-nickel (Zn-Ni) alloy, ED zinc-
fasteners, a thinner coating of betweesobalt (Zn-Co) alloy, and metallic-ce-
4-7.5um is used. ramic coatings that are deposited by

Cadmium plating is widely used be-spraying or dipping procedures. Of
cause it has a number of desirable prpphese, it is only the Zn-Ni and Zn-Co
erties thathave proved difficultto matchalloy coatings that are suitable for brush
These include its good corrosion resjisplating because they may be readily
tance, sacrificial corrosion behavior toelectrodeposited from aqueous solu-
ward steels and galvanic compatibilitytions, whereas the others listed above
with aerospace aluminum alloys. A fur-may not. The alloying additions of Ni or
ther advantage of cadmium is that| iCo afford a significant improvement in
-may be readily brush-plated, usingorrosion resistance over zinc alone. In
commercial cyanide-free electrolytes. commercial bath plating, the alloys are

The main drawback of cadmium jsdeposited from environmentally benign
the high toxicity of the metal and itsacid or alkaline electrolytes, to produce
compounds. Withinthe U. K., the levelscoatings containing approximately 10 -
of cadmium permitted in effluent from 18 wt percent Nior 0.8 to 1.2 wt percent
plating baths have been drastically reco, compositions that offer a balance
duced, necessitating improved treatmetfetween optimum corrosion resistance
rfacilities, which has resulted in a sharmnd economic considerations. The brush

eincrease in the cost of plating. Althouglplating companies have responded to
néts use for aerospace applications is stithe developments in alloy plating tech-
epermitted, there are considerable efrology by including Zn-Ni electrolytes
nfprts being made to identify suitableon their product lists. The equivalent
pedternatives. In selecting a cadmiunzn-Co electrolytes, however, currently
substitute, a number of criteria must belo not appear to be commercially avail-

aged part from the aircraft structure. Jrconsidered, including repair of the coatable.

this situation, brush (or selective) elecings in service. _
troplating is an option because this tegh- Brush plating allows the repair

nique allowsin-situ repairs.

damaged parts using portable equipg Coating Preparation

For aerospace applications, the pregment. It does not necessarily requjr&ackground
ferred method of protecting steel partslisassembly of a multicomponent strycThe following section is concerned with

and fasteners is cadmium, genera
electrodeposited from cyanide bath
For military applications in the U.K.
cadmium plating is carried outin acco
dance with Def. Stan. 03-1The stan-
dard protective scheme is illustrated

Fig. 1.

Chromate passivation film

Cadmium-plating

Steel substrate

Not to scale

Fig. 1—Standard protection scheme.
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Ijure and permits plating of parts toahe methods used to deposit zinc alloys
darge for standard immersion tanks. They brush-plating and the effect of vari-
process reduces the amount of maskingbles such as temperature and voltage
rfequired and minimizes downtime. Theon the composition and appearance of
brush plating companies in the U.Kthe coatings.

pypnd U.S. have often been at the foreExperimental  Methods

front in the development of environ-In this work, brush plating was con-
mentally friendly surface treatmentsducted using four electrolytes. These
because, in brush-plating, the operator

is often in close proximity to the work- Table 1

piece, sometimes in less than ideal cor  Brush-plating Electrolytes

ditions. The electrolytes used, there Employed

fore, are always designed with healtt o

and safety in mind. This extends CNEOIect_:_())/IF))/ée oLt Bl

cadmium plating where the electrolytes 1 : SNl @it 8.5

Gl BEICEATRE. : 2 Zn-Ni Experimental 4.5
Over the past 10 years, the_ aircrai 3 Zn-Co Experimental 4.2

industries in Europe and America hayt 4 Cd T 4.2

evaluated a wide range of metal coatl
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are shown in Table 1. The electrolytesicetone solvent, air-dried and themrea (Fig. 3). Brush plating was carried
were either commercial or experimenweighed. The brush-plated coating®utto achieve a patch-coating thickness
tal. According to supplier literature, thewere not subject to any post-platingpf 8 mm. The coating on the overlap
commercial alkaline Zn-Ni electrolyte surface treatments. region was typically an additional 2-3
(1) was formulated to provide alloy Afterplating, the weight of each coat-um thicker.

coatings containing 8-10 wt percent Niing was established and the current effi- For damaged IVD Al-coated panels,
The experimental Zn-Niand Zn-Co elec€iency (CE) calculated using a methodbrush plating followed the application
trolytes were both mildly acidic anddescribed elsewhere by Lowenhéim.of a zincate chemical treatment. This
were based on solutions that had previFhe thickness of each coating was esvas based on a report by Moskowitz
ously been used in bath plating to priotablished using an eddy-current teghadhesion problems encountered when
vide alloy coatings in the required com-nique. In addition, samples from eachbrush-plating directly onto aluminum
positional range%’ The experimental batch of alloy coatings were randomlysurfaces. The zincate treatment allowed
Zn-Ni electrolyte was an aqueous soluselected for compositional analysis, usthe deposition of a thin, adherent, zinc
tion of 0.75 mol/L ZnSQ7H,O and | ing inductively coupled plasma atomi|clayer, on both exposed aluminum (coat-
0.75 mol/L NiSQ-6H,0, whereas the emission spectroscopy. ing) and steel (substrate), which then
sgrovided a good key for subsequent

mol/L ZnSQ,-7H,O and 0.22 mol/L
CoCl:-6H,0.

Mask specimen with tape.

Treat surface with dilute nitric acid

x- (0.5mol/L) using cotton wool swab
(5 sec contact time).

3. Rinse with distilled water.

4. Treat surface with zincate solution
using cotton wool swab (5-10 sec).

plating and is illustrated by Fig. 2. )
The stylus consisted of acarbon block- Bath-plated cadmium

or rod wrapped in cotton wool. The2- lon-vapor-deposited aluminum | . tton wo

cotton wool was held in position by [a3: Bath-plated Zn—14 wt percent Ni5. Rinse with distilled water.

to plating, the stylus was wired to the*- Bath-plated zinc—1 wt percent Go7.  Remove masking, rinse with dis-

power supply and the cotton wool soaked ~ alloy o E&'!?‘(jjr""aterv then acetone.
in the electrolyte. The stylus was th : - cdlrielys

brought into c)(;ntact Withythe steel s rﬁ'hese SHELCTEE M [AEIRE @7t bth

face, which had been degreased in
trichloroethylene. An electrical current
was passed whenever the stylus c
into contact with the work piece, and t
metalionsinthe plating electrolyte we
then reduced at the steel surface to far

nies, to thicknesses of 10-luth. None | dium hydroxide (540 g/L). The mask-
the coatings had been subject to pasiig was applied to the original main

a metallic coating layer lﬁ]eened. _ !owing the zincate treatment, the_ mask-
Blcach caces it pbwer it The four coating types were damiing was remqved and brush pIatlng.was
’ Aged by removing a portion of the meearried out in the manner described
presetatavalue between4and 14V angy;i-|over in the center of the test panelabove.
the electrolytes malntalne'd at a te as illustrated by Fig. 3
Eg{ﬁtgﬁgemggnéxgg’ lljas'linng a\l/vvgttehe After the central portion of coating Experimental  Results
carried ou?until t.he desiPed thigckness (o] ad been_removeq, InsleElRlis way iERgearance :
coating was obtained (5-p). If nec- lated using Zn-Ni or Zn-Co solutions.The Zn-Ni alloy .and Cd coatings pro-
h ool ad'uéted - The steel was not pre-treated, other thatuced under optimum conditions (8 V/
elss:[gry,: T tg' - ; S "With a final swab with acetone-soaked®5-40°C; see below) were found to be,
Kfa,:e'?g Igti?amﬂ?len o(\e/vgrrejﬁitv\il/; cotton wool. Plating was carried out orat best, semibright in appearance
switchgd offga,md thepcoated specim the central portion and, in addition, a bwhereas the Zn-Co alloys were almost
fnscdlt RIS water foIIovf/Jed b ﬂm (0.2 in.) strip of the main coatingfully bright. The buffing action of the
' immediately adjacent to the damagedtylus appeared to prevent the build-up

[Not to scale | N *ZnNi(1)
| P rag-ale o
- i
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aZngod)
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Fig. 2—Schematic of brush-plating equipment Fig. 3—Schematic of re-plated specimens Fig. 4—Effect of temperature on composition
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of defects in the coatings and, to
naked eye, the surfaces were flat 3
defect-free.

Adhesion
A tape test was applied to the coatin
deposited onto bare steel substrates,
in each case no signs of adhesion f
ures were observed. For the simulal
repairs, adhesion failures were obser
only on IVD aluminum coatings wher
the zincate treatment was not applie
Composition & Current
For the three alloy electrolytes, the ¢
fect of temperature on composition w
determined for coatings formed at 8
and the results are shown in Fig. 4. T|
numbers in brackets refer to the elect
lyte type (Table 1).

Figure 4 shows that the Ni or G
contents of the alloys were increased
the temperature was raised, which is
accordance with previous studies
brush-plated and bath-plated® de-
posits. The alloys produced at tempe|
tures outside the 25-4& range tendeg
to be dull gray in appearance with
rough surface texture.

The effect of temperature on the C
of the plating processes is shown by H
5 for coatings deposited at8 V. The C
of the alloys were found to be main
above the theoretical maximum of 1

E’%

*ZnNi (1)

3

2 =z 8

3

IS

Current efficiency (%)
3
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Fig. 5—Effect of temperature on CE
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W Curreat efficiency
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& 0
Plating voltage (V)

heercent. The values found for cadmiun
ndere at 90-98 percent over the sa
temperature range.

Table 2
E_, Data for Brush-plated

Coatings at Various Immersion
Effect of Voltage Times

g¥he voltage applied during brush plat Time zn-Ni Zn-Ni Zn-Co Cd
aimg) was also found to affect the compp (hrs) (1) ) (3) (4)
aikition and current efficiency of the 10 -0.87 -0.92 -1.00 -0.76
edlloy coatings. This effect was most 100 -0.81 -0.86 -1.02 -0.75
guronounced for the commercial Zn-Ni 200 -0.71 -0.84 -1.02 -0.75
ealloy (electrolyte 1) and the data ob- 300 -0.67 -0.71 -0.95 -0.75
dtained are shown by Fig. 6 for coating: 500 -0.62 -0.69 -0.87 -0.75

produced at 40C.

effect on composition and CE, it washat the substrate was not exposed dur-
ffound to markedly influence the ap-ing the test. Each coating test electrode
apearance of the coatings. At high voltyas immersed in quiescent (static) 600
Vages, above 8V, the coatings were rougljjlimole (mmol/L) NaCl solution at
hand susceptible to dendrite formationpseoc The electrode was then polarized
raegardless of the plating temperatu &y + 10 mV at a rate of 0.1mV/sec,
Although coatings formed below 8 V ahout its open-circuit corrosion poten-

owere free of dendrite build-up, thereja| E  at 24-48 hr intervals, over a

agas no practical advantage in operati geriog"'gf 500 hr. The slope of each

iat these voltages because the only N@near polarization sweep obtained was
pticeable effect was to reduce the rate|Qfa|culated, giving the polarization re-

coating formation. sistance, R The value of j was then

Ay _ calculated from Rusing a modified
| Comosion ~ Studies form of the Stern-Geary equatiéh:
aBackground b

The ability of a metal coating to protect ot = L
LB steel substrate in, for example, a salt 2.3

iggpray chamber, is related to two m
Eattributes of the coating: First, its b

invhere, j . is in units oflA/cm?, b is the
ranodic Tafel constant, mV/decade, and

pletely lost, the steel is free to corrodeand were derived from full
forming the characteristic iron-oxidepotentiodynamic anodic polarization
(Fe,0,) corrosion products (red rust). Insweeps'

this part of the study, an attempt has

been made to separate out the barri€orosion Potential ~ Monitoring

and sacrificial properties of the coatingd he sacrificial properties of a coating
through the use of electrochemical teghcan be investigated through monitoring
niques. Their overall corrosion behayvof E_ .>'!Inthe currentwork, £ mea-
ior was then examined, using neutiaturements were taken for the specimens
salt fog tests. immediately prior to each LPR sweep.
The reference electrode employed was

Experimental  Methods a saturated calomel electrode (SCE).
Corrosion  Current
Measurements Neutral Salt Fog Tests

The barrier properties of a coating cafhese tests are widely used to assess the
be assessed by measuring its corrosia@orrosion resistance of coated steel parts.
current density, j , in the environment In this study, the end-point of the salt
of interest. In general, the lowey iis, | fog test was taken as the time to the
the better a coating's barrier propertieformation of the first significant red-
will be, provided that it does not containrust spot, abbreviated tq I The value
gross defect®.In this study, the j, | of T, will approximate to the time
values of the brush-plated coatings wereaken for the loss of both barrier and
determined using the electrochemicalsacrificial properties. In the current
linear polarization resistance (LPR)work, the salt fog tests were carried out
technique. in a test cabinet, in accordance with
The LPR equipment and specime®STM B11712
preparation techniques used have been

Fig. 6—Effect of voltage on composition and C
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Edescribed in detail elsewhefdhe coat-
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Table 3
Compatibility of Brush-plated
Patch Repair Coatings with
Main Coatings

Main Patch
coating coating

ZT Galvanic corrosiof
at interface
On main On patch
coating coating

\

Cd Zn-Ni(1) X 0 0
Zn-Co(3) X 0 2
Zn-Ni Zn-Ni(1) X O 0
Zn-Co(3) X O 1
Zn-Co Zn-Ni(1) X 1 1
Zn-Co(3) X 0 0

IVD Al Zn-Ni (1) X Patch adhesion
failure

Zn-Ni(1)) O O
Zn-Ni (2) X
Zn-Ni (2) O
Zn-Co (3) X
Zn-Co (3)O

Experimental  Results

Corrosion  Current

Measurements

Figure 7 shows the variation if jwith
time for the range of brush-plated cozq
ings evaluated in 600 mmol/L NaC
Over the initial period of immersion
the lowest corrosion rates were fou
for Cd, which was relatively stable i
the saline solution. In contrast, the cc
rosion rates of the Zn-Ni and Zn-Q
alloys were found to decline durin
immersion.

0
1 1
0 0
2 1
1 1

)

g

Corrosion  Potential ~ Monitoring
Table 2 shows the E values obtaineg
for coatings in quiescent 600 mmol
NacCl.

~

Table 2 shows that the potential of ¢ &3

was relatively stable in the saline solu
tion, reflecting its near-constagj trace
(Fig. 7). In contrast, the Zn-Ni and Zr
Co alloys became less electrocher
cally active {.e.,more noble) with time
a phenomenon that also appeared
mirror the observed decline ip j for
the three alloy coatings.

Previous work has established th
the E_, of mild steel is -0.710 V (SCE
in 600 mmol/L NaCl solutiof® Table 2
shows that Cd was consistently neg
tive to this value, confirming its sacrifi
cial nature. The ennoblement of the Z
Ni and Zn-Co alloys suggests that the
coatings would become less sacrific
with time. Whereas for the Zn-Co alloy
the ennoblement effect was relative
mild; for the Zn-Ni alloys it would prob-
ably be sufficient to cause a loss
sacrificial properties over period of 20
300 hr.

N
n

)

n

y
I
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?téhown in Fig. 3, including those whichtion of Zn, to form a Zn-rich alloy layer.

nd

rda
o

a

(72)

i
ai?ense pitting corrosion around the ov
of
D-

longer exposure (380 hr), red rust started
Neutral Salt Fog Tests— to bleed from the interface, showing
Undamaged Panels that the patch had broken down. The
The corrosion resistance of the brusteincate treatments were found to reduce
plated coatings was assessed by megalvanic effects.
suring T, for a range of coating thick-
nesses, the relationship between theg#scussion
variables being shown by Fig. 8. Brush Plaing of Alloy Coatings

The highest levels of protection werdn the current work, the deposition of
obtained for Cd, except at the low thickZn-Ni and Zn-Co alloy coatings was
nesses where the Zn-Co alloy was akadily achieved using standard brush-
least as effective. The Zn-Ni alloysplating methods. It was found that cer-
evaluated were less effective than Cd dain plating parameters had a significant
Zn-Co alloy, with the Zn-10 wt percenteffect on the alloy composition. These
Ni alloy deposited from the acid solu-can be largely interpreted by consider-
tion being more protective than the Zning the deposition mechanisms of Zn-
8 wt percent Ni alloy deposited from theNi and Zn-Co alloys.
alkaline solution. The mechanisms of electrodeposi-
tion of alloys formed between zinc and
Neutral Salt Fog Tests— the iron-group metals (Fe, Co and Ni)
Simulated  Repairs are examples of anomalous co-deposi-
The aim of this part of the study was|tdion, as defined by Brenner in his 1963
evaluate the possible use of the brustireatise'* In anomalous co-deposition,
plated Zn-Ni and Zn-Co alloys for thethe deposition of the iron-group metal
repair of bath-plated zinc alloy coatingsn acid solution is suppressed by the
(Zn-Ni and Zn-Co), IVD aluminum; formation of zinc hydroxide, Zn(OH)
and bath-plated cadmium. and related species, at the cathode sur-
The re-plated panels, of the typdace, causing the preferential deposi-

had been zincate-treated (ZT), wer&he Zn(OH)is chemically precipitated
xposed to neutral salt fog for a perip@nd its presence in alloy coatings (Zn-
of 168 hr and then inspected for signs dili and Zn-Co) can account for up to 20
Ivanic corrosion at the edge of the|Spercent of the total coating weight.
mm overlap between the original mainThis phenomenon accounts for the cur-
coating and the brush-plated repair patatent efficiencies being recorded in the
coating. The level of galvanic corrosioncurrent work, which apparently ex-
was rated on the main coating and repageeded the theoretical maximum (Figs.
patch coating, as follows: O=no galb and 6).
vanic corrosion 1=moderate galvanic Figure 4 showed that the composi-
corrosion, 2=severe galvanic corrosiortions of the alloy coatings were sensi-
he results obtained are shown in Tabléve to temperature. This effect relates
. The electrolytes used to deposit thio the relative rates of zinc and iron-
patch repair coatings are shown in braglgroup metal electrodeposition. Previ-
ets, along with any evidence of patclous work at DRA Farnborou§has
adhesion failure prior to exposure. | shown that the rates of Ni or Co elec-
e When re-plating a metallic layer withtrodeposition are strongly influenced
a coating of a dissimilar metal, there|idy the presence of Zn(Ok)n the cath-
ways the risk that damaging galvaniode surface. An increase in electrolyte
Interactions may occur at the interfacéemperature tends to decrease the con-
between the two coatings. Table 3 shgws
tpat the Zn-Ni alloy coating was the

most compatible with the four main
coatings investigated. In contrast, th
Zn-Co alloy was less compatible, pa
icularly when plated onto IVD Al. The
galvanic corrosion on the IVD Al coat-
ing was observed as a distinct band ¢

current density (uA.cm™)

orrosion

—4—ZaNi (1)
= 2ZnNi (2}
—&—Zn-Co (3}
~¥%—Cd 4)

ap, beneath a layer of gelatinous corrg

ion products. For the Zn-Co alloy,
and of white corrosion products w
bserved next to the overlap, which
may have been the result of increase
galvanic activity. For this repair, afterFig. 7—Corrosion current density-time traces

100 200 300

Time (hours)

00 s
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centrations of Zn(OH)thereby increas
ing the rate of Ni or Co deposition ar
raising the levels of these more nok
metals in the alloy coatings. The low
levels of Zn(OH)in the coatings as th

a)
c

e

temperature was increased also accoumisedominate over the sacrificial proper
Cties® In the salt fog environment, it i

for the gradual decrease in apparent
observed in Fig. 5.

Corrosion  Behavior
Bamier  properties
The i

corr

lowest corrosion rates were found f
Cd and the Zn-Co alloy, suggesting th

»
2

H

Coating thickness {microns)

*ZoNi (1)
=ZnNi 2)
AZnCo (3)
ecd(4)

0

500 1000 1500 2000

Time to red-rust (hours)

0

Fig. 8—Effect of thickness on time to red-rust

dier properties over the Zn-Ni coating

measurements showed that thewo Zn-Ni alloys, the coating contain-
ping 8 wt percent was less protective th
athe 10 wt percent alloy. This is consi

these coatings would have superior b

M Bath-plated
| |DOBrush-plated

400 |

én the neutral salt fog environment, it
has been shown that, in simple ter
the barrier properties of metal coatin

Time to redtust (hrs)

the coatings with the lowes{ j values
that will afford the highest levels of
protection, accounting, on this basis
for the trends observed in Fig. 8. Fort

Zn-NI
ZnCo

tent with observations made for bathFig. 9—Comparison of brush-plated and bath-
pIated coatings where. for Zn-Ni allo Splated coatings in neutral salt fog, for coatings
on steel, the level of corrosion protec® 8#m thickness.

tion in salt fog is known to improve asiime pe sufficient to cause a complete
alloying additions are raised, up 10|345 of sacrificial properties. The en-
peak for alloys containing approxi-poplement of zinc alloys has been the
mately 14 wt percent Nf. subject of many investigations and is
usually attributed to dezincification,
here the selective dissolution of Zn
ccurs from the alloy surface®®* The
resulting enrichment of the more noble
Ni or Co in the surface layers is there-
fore likely to be responsible for the
bserved noble drift in potential (Table

lead to a gradual loss of sacrificial pro
erties. For the Zn-Ni alloys, the e
noblement effect may, over a period
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2). A further effect of dezincification i$ Al. A simple comparison of £ values, | 80(3), 32 (1993).
that Ni or Co enrichment stimulates thénowever, suggest that the Al layger>- K. R.Baldwin and C. J. E. Smith,
formation of a more protective surfaceshould have been protected by the al|o}yro¢- 14th World Interfinish Congress, Bir-
film, causing the barrier properties tocoatings. The E, values of aluminu ingham, UK, (10-12 Sept 1996), 107
improve, and accounting for the steadgoatings are often erratic during imm r%g%)' K. R. Baldwin. M. J. Robinson
decline in |, observed for the alloy sion in saline solutions; however, for, 4 ¢ 3 . smitirrans. Inst. Metal Fin-
coatings in saline solution (Fig. 7). | IVD Al, a value of -0.75 V (SCE) ha$jsh. 72 (2), 79 (1994).
been reportedOn this basis, the Zn-Co 7. 4. Fukushima, T. Akiyama, K. J. Lee,
Comparisons With Bath-plated alloy, in particular, should have sacrifi-M. Yamaguchi and K. Higashirans. Ja-
Coatings cially protected the adjacent IVD Alpan Inst.. Metal Finishing24 (3), 121
The corrosion performance of the brushlayer because it was negative to thél983).
plated coatings can be assessed by cohatter, whereas, in fact, the IVD Al layer 8. F. A. Lowenheim Electroplat-
parison with previously published saltsuffered severe pitting attack. A fulling, McGraw-Hill Book Co., New York,
fog data for bath-plated coatings. Fig} @xplanation of this effect is outside t VY. 1978, p. 377k . IFIN
shows T, values previously obtainedscope of this study. Previous wétht ,993; AESQA'U'\Q;S fg‘gtsz’Proc' SURE
for the following bat.h-plated coatings:DRA Farnborough, ho.wever, has sugy’ N. R, éhort, A Abibsi andie
Zn-10 wt percent Ni alloy;, Zn-0.8 wt | gested that Al corrosion can be propennisTrans. Inst. Met. Fin67, 73 (1991).
percent Co alloy,and pure Cd,com- | moted during galvanic coupling with11. K. R. Baldwin, M. J. Robinson
pared with the values obtained in thenore active coatings because of thend C. J. E. SmitiCorrosion Science36
current work for brush-plated coatingformation of highly corrosive alkaline (7), 1115 (1994).
with comparable compositions. Forconditions at the cathodic Al surface| 12. ASTM B117, American Society
brush-plated Zn-Ni, data for coatings Table 3 indicated that the use of théor Testing and Materials, Philadelphia,
from electrolyte (2) are shown, becauseincate treatment reduced the damag{SA, 1984. , ,
they contained appropriate Ni contenting galvanic effects referred to above; 36 x KE F;' Baldwin, M. JNESE'”SIO”
and were more effective than those frorfrurther work is required to explain the 1n2) 535 (1'99?)”&0"05'0” ( )5
electrolyte (1). effec_ts, although one pos_slblh_ty is that’, ' A. BrennerElectrodeposition of
The performances of the brush-platethe zincate treatment partially insulated,|joys. Academic Press, New York, NY,
Cd and Zn-Co coatings were compathe re-plated alloy coatings from the Al 963, Vols 1 & 2.
rable to their bath-plated counterpartdayer, thereby reducing the level of dam4s, K. R. Baldwin, M. J. Robinson
In contrast, the most effective brushaging current flow across the overlamand C. J. E. SmithCorrosion Science35
plated Zn-Ni coating, from acid electro-region. (5-8), 1267 (1993).
lyte (2), was less corrosion-resistant 16. K. R. Baldwin, M. J. Robinson
than the bath-plated alloy with the sam&ummary and C. J. E. Smitfgritish Corrosion J.29
alloy content. This work has shown that steels can [bé), 293 (1994).
readily brush-plated with Zn-Ni an
Performance of Simulated Zn-Co alloy coatings with controlle
Repairs compositions. In neutral salt fog tests
The performance of the patch repalrparticularly encouraging results we
appeared to be related to the level|afbtained for the Zn-Co alloy coating
galvanic compatibility between thesuggesting that they are worthy of co
original coating and the patch repaimercial development and for use in t
coating. It was found that, where theepair of aircraft parts alongside thg ;
patch coating and main coating pgsmore established Zn-Ni system. Sim terials  Centre
sessed similar E, values, there was, aslated corrosion damage and re-plating (SMC) at the De-
expected, no significant galvanic corrpirials showed that Zn-Co and Zn-Ni fence Evaluation
sion. For example, where Zn-Ni alloyelectrolytes could be used to re-protec@nd Research Agency (DERA),
patches were employed on Cd, therarange of coatings, namely: Bath-plateffarborough, Hampshire GU14 6TD,
were no signs of preferential attack [aZn-Ni, bath-plated Zn-Co, IVD alumit United Kingdom. He has 13 years’ ex-
the interface. This was because, oyatrum and bath-plated Cd itself. Somd€rl€nce in corrosion protection, par-
most of the duration of the corrosignevidence of galvanic interactions werdicularly metal coatings and anodizing.
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