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SUMMARY §
INTRODUCTION p t

Electrical connector shell corrosion has been s recurring problem in naval
sircraft., The aluminmum alloy shells corrode under the currently used coating,
electrcless nickel. Eventually, the coating lifts and breaks inder the

force of corrosion products and corrosion continues at a faster rate until a
good part of the aluminum is eaten away even though the nickel coating itself
is not corroded, A more corrosion resistant coating is needed to prevent
failures of thia type. This report covers an attempt tc find a better coating
for use up to 200°C.

Standardized panels of 6061-T6 aluminum alloy were used for this work rather
than actual connector hardware because of the variety and configurational
complexity of the connector types invclved.

This investigation was authorized by AIRTASK NO, WF 54-593-201, Work Unit
No. ZM 301,

SUMMARY OF RESULTS

Results of cyclic heating corrosion tests indicate that cadmium over electro-
less nickel protects 6061 aluminum alloy through the full test period (25
cycles of 16 hours at 200°C followed by 32 hours in 5% salt spray) with almost
no pitting. For good protection, the minimum rorai thickness of the coating
system was found to be 17.8 . a (.0007"). Either layer could b~ as thin as
5.1 um {.0002") provided the other layer made up the remaining thickness to
make a total of 17.8 pm (.0007"). It was also found that a coating cycle
coneisting of electroless nickel plate, bake one hour at 149°C, cadmium plate,
chromate treat, and bake one hour at 1A9°C, way required for begt results,
since sot2 coatings that met the thickness requirements failed if they were
nct baked, Thick cadmium, 25.4 ym (.001"), with & chromate coating also

shows good protection in this test, while thinner cadmium coatings fail in
less than 25 cycles. The best strike coating for cadmium was found to be the
copper strike. Cadmium or bronze strikes were considered to be unsatisfactory.
The electroless nickel "strike" (actually 2.5 um (.0001") thick) was a great
improvement over the others, but stiil failed one panel in less than 25 cycles.
Electroless nickel alone failed in 1l cycles . r less in all thicknesses tested
up to 25.4 am (.001"),

Nickel-cadmium (chromated and baked) provided good protection to the basis
metal during SO,-salt spray exposure for 168 hours, showing some blistering
but no pitting. Cadmium was pitted and corroded and electroless nickel failed
very badly., Similar tests with cadmium and nickel-cadmium in standard 57

salt spray showed similar results in thet scribed panels exhibited more
corrosion in cadmium plated panels than f{n nickel-cadmium plated panels.

Results of dissimilar metal tests were not very informative (168 hours in 5%
salt spray). Corrosion b:tween bare 7075-T6 and the various coated paneis
was not much different from corrosion between bare 6061-T6 and bare 7075-T6

IR ST iy 47
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aluwinume alloys. Resulte with coated panels coupled with titanium 6A) -4V alloy
showed slightly wmore pitting aloug the edges of the joined panels, but wminor
corrosion otherwise.

Rlectroless nickel lookad good in extended baking (100 hours at 200°C) fol lowed
by 500 hours of salt spray axposure, & finding contrary to service experience.
Cadmium was pitted in thicknesses less than 25.4 pm (.001%), wvhile only one
of three paneis showed wore than six pita for the 25.4 mm coatims. Nickel-
caduica again passad this test with only one diatinct pit on ome panel and

very general corrosion amd darkening otherwise (20 pits).

COMCLUSIONS

1. Of the coatings tested, cajtalum over electroless nickel offers the best
protaction to 6061-T6 aluminum alloy.

2. Baking is nece .aary after each layer of a nickel-cadmium coating is
applied to assurc good adhesion and corrosion reaistance.

3. Klectroless nickel is an unsatisfactory coating for the corrosion pro-
tection of 606'~-T6 aluminve glloy.

4. Cedmium coating, 25.4 nm thick, offers the secord best protection to 606}
elthough this coating is sasier to scraftch thaa nickel-cadmium and corrodes
301'¢ Teadily in tha scratched area.

5. Cwclic corxrusiom tesiing is a satisfaciory meiiwad

veha/ior eof coatimgs for electrical commectors,
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6. With few exceptione, {f a coating does mot fail in 19 cycles or less it
will moc fail in 25 cycles,

7. Rasults of 502-salt spray exposure correlate weil with service experience.

8. Resulty of 100 hours of heating at 200°C followed by 500 hours in salt
spray do mot correlate with service experience.

9. This cadmium coatings (Class 3, Type II, QG~-P-416) protect sluminum
poorly in all the tests.

RECORMINDATIONS

Basad on the work comducted in this investigation, it is recommsnded that:

1. The coating system for sluminum alloy cemnector shells of the 200°C class
be changed to cadviem over elactrolese nickel with a combined thickness

of 17.8 pm {(.0007") winimum and a thickness of cadmium ranging from 5.1
te 12,7 mw (.0002"-.0003") or mors.

e e 7
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A ten cycle corrogion teast be adopted for specification testing with
each cycle consisting of 16 hours at 200°C followed by 32 hours in 51

salt sprav.

Consideration be given to increasing the thickness requirement of
connectors intended for low temperature service (85-125°C) from Class 3
of QQ-P-416, to Ciass 1, or the finish requirewment of Recommendation 1.
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BACKGCROUND

A congldershle number of corroeion problems with electrics! onnector chells
have been reported by fleld activitiea. A praliminary {nvestigstion of
thase failures Indfcated that ths gresatcsy mumbder were pacountered with
slumimun shelle designed for uwe at tewperstures up to 200°C. Most oi the
counactore in this clasrs (roughly 30%) arve 6"1 aluwinom alloy; most are
costed with electrolese nickel. About 10% are saluminum casting slloys such
s alloy 380 of (Q-A-5%91d. Coating thicknesses vary from about 12.7 wwm
(.0D05%) to siightly move than 25.4 um (.001"). VFailures have been in the
form of severs undercutting and lifting of the clectroless nicuel coating
vihile the bssis metal, which is amodic to ti.e coeting, corrodes away under-
neath, The 60591 siumioum alloy is resistant (o corrosion without & ccatieg
apd would probably be protected well by a simpls MIL-C-5541, Clars 3,
chemical conversion coating, but the alumipum is subject to seizing am
gelling and will not function on tlivreaded connectors. The aumbaer of
coatings that will pe-form well at 2006°C is small, since the coatings must
be electricaily condu rive, If it were not for this requircment, hard
anodiging (MIL-C-86.5, Type 11L) or even dichromate-sealed, sulfuric acid
ax ixing (MIL-C-88625, Type 1I) would serve. The newer metsllic-ceruamic
coatings with low tempersture cures might alsc be protective, but they are
aon-conde:-tive unlass higher curing temperatures (800°F cr higher) sre used.
The most promising ccatings appeared to be thicker cadmium coatings
(17.8-25.4 pm (,0007%-,001:)), or variations cf a duplex electrcless nickel-
caduium coating. It was also considered that strike coatings, other than
the couventisnal Loyper strike employed for plating alvminum, wight provide
improved corroeion rasistance under cadwium overcoats.

TEST MNE HODS
CYCLIC TESTING

Rlectrical connmectors of the iype involved in corrosion problems heat up for
short periocds during eoperation and remein at amblent temperatures in the
corrosiwe environment vhile the equipment {s not opevating. It was, therefore,
considered that ¢ cyclic heating-salt spray test would most closely simu:latce
actual service. The cycie chosen for laboratory tests was 16 hot s a2t 200°cC
followed by 32 hours Lo 5% salt spray (ASTM Bl117-73), Initial screcning was
confuctad using this cycle end 48.8 x 97,9 x 3.2 mm (2" x 4" x 1/8%) pacels
of 6061-To alumioum alloy. Teats were discontinrued whem six pits or
couspicuous blistering appesred on the panels. In sowe cas~g, the appearance
of vary smill bligtors was recordad, hut tasting was coanti:. . until six

pits formed. Testing was stopped cfter twenty-five cycles {8 total of 200
hours at 200°C and 800 hours in salt spray), an arbitrary criterion for
‘axcellemt preotection. Three priuncipal groups of coated pauels were tested:

(1) Cadminm coatinge over brunze, copper, electioless aickel and cadmium

strikes, respactively. These coat’ags were 3.1, 7.5, and 12.7 2m
(.0002, ,003 acd .0005") thick co 'responding to Che three classes in

Coa, ks
e et 3
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Specificaticn QQ-P-41&01, Addtrionally, two thicker caduium coatings, 1..8
and 25.46 pw ( D007 amd DOL™} over a copper strike were tested in chis
group. &l caamium coailags were chromate coated,

(2) Electroless nickel only. This group included single and duplax coatings

of proprietary coastings designated Elactroless Nickel I, II and [I1I, respectively.
“he propristary costings were applied by the plating Hath mamufacturar. All

other elrctroless nickel was applied in-house over a8 rincate immersion coating.
Coating thicknesses were 12.7 and 25.4 um (,0005 and .0C1").

(3) Elecrroless nickes)l plus cadumium and & chromate comversiou coating. Most of
these coat ngs ware baked at 149°C (300°F) for ome hour after the electroless
nickel layer was applied. and baked again after cadwium plating snd chromate
tresiing. Overall coating thickness ranged from 7.6 to 25.4 pw {.3003 %o
L0017y,

Addivionaliy. bare 6261 aluminums alloy, MIL-C-5541B chemical conversioan coating,
ane MIL-A-8625C, Type 11, sulfuric aciianodize with a dichromace saal, were
cyclic corrosioa teated.

Three panels of sach wariadis were tested with the exception of some of the
proprietary eleciroless sickel costings for vhich ouly one pane! was availabls.

Plating comlitfone are glven in Appendix A,

SCRIBED PANEL TESTS

Some of the wost promisimg coatings wore :2vaiusted in these tests as well as
some less protective coetimys used for comparlson., Coated 48.8 x 97.€C ex

(2" x 4") panelr were scribed with an “X™ to the banis metal ane exvosed for
168 heors, one set in standard 5% colt spray and ome in SO;-salt spray. SC4
is injected frto the salt spray box four timss a cay creating a ssch mora
corrusive atwosphere., Appendix B givus details. This test has been found uo
produce corrosicrn in sluxinum alloys that ts very simtlar to the type en-
countered in nuva) wircraft service.

DISSIMILAR METAL TESTS

in an sttempt tc determiue galvauic corrosion effects between the various
coatings and 7075-T6 alumioum alloy, ur 6 Al-4V citanium alloy, 25.4 x 97.5 mn
(1" x 4") clears of bare 7075 and barz 6-4 were bolted to rhe coated

50.8 x 97,6 mm (2" x 4™) panels and exposed to 5% salt szpray for 168 hours.
The alusinum and titanium alloys chosen for the cleais are the ones most

cften used in airframes. ‘

HEATING - EXPOSURE TESTING

A few of rhe coating waere tasted using one extended cycle comsisting of 100
hours at 200°C, followed by 500 hours 1~ 5L salt e ay. It was honed that
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this cycle woula produce tha same rssuits obtained with many shortr: cyc s
which are less convenient to run.

RESULTS AND DISCUSSIORN

Resuits of cycilc corrcsion tests, glven in Table I, Figures 1 through 4,
indicate tha types of fatlures encountered. Ti.e experimcats with various
sirikes for cadmium indicate chat only one of the strilas, electroless nicksl,
provides a better protectivi system than the conventional copper strike. It
should be noted, ltowever, that this "strike”™ was actually 2.5 nw (.0001%)
thick, which iy thicker than normal for strike coatings. Adhsufon obtainea
vith the cedmium strike, given in ASTM 8253, was very poor. Coatings blistered
and peeled after one cycle., Based on galvanic compatibility, this strike
should have been the dest. The bronze strike resulled in axcellert adhesion,
but poor cyclic corrosion hehavior. Cadmism costiugs up to 12.7 aw (.0005")
thick pitted in less than six cycles with the exceptios of the coatrings
applied Over an electroless nickel strike., It 'smas thought that thicker
cadmium cos.ings (copper strike), 17.8 pm (.0007™) and 25.4 aw (.001™),
might withstand the test »etter. The 25.4 pwm (.001") coating did withetazud
tha full twenty five cyclss, bur the 17.8 mm (.000/") coating did mot. It
foiled fn 5, 8, and 1) cycles, respectively, on the three test panels,

Twenty-three electroless nickel coated panels failed {n from one to eleven
cyclea. Many of these fsilures appesred to be by a combination of severas
biistering and pitting. Coating thicknc~ses ranged from 12.7 uwm (.0005")
to 25.4 am (,001%).
The best tesults ia cyclic corrosion tests warae obtained wiih i7.8 & {,0C0™)
of electroless nickel, followed by baking for ome bour at 149°C, cadmtium
plating to a thickness of 7.6 u=m (.0003"), chemical conversion ccating
(chromate), and bakiag again for one hour at 149°C (shown in Tigure 5). When
1t was found, (1) that baking was neaded to prevent blister formetion (improve
adhesionr), and (2) that this coating showed no sign of pitting after twvemty-
five cycles of testing, a series of experiments was begun to find the limiting
th:.cknesses of the respective layers. Results of this series of tests indicate
that the nickel leyer can g0 us low as 5.1 am (.0002"), if the cadmium layer
is .2.7 pm (.0005") or more, while rhe cadmium layer can be 5.1 am (,0002")
1f the nickel laver is at least 12.7 mm (.0005").

(2]

The chromate couting for the nickel cadwium szries was appli~d before baking
rather than aftar, Some oi the plating literature states that baking is
detrimeutal to the corrosion resistance of chromate coatings. This difference
is of little practicul iswportance, however, when the connectors are intended
{or use at 20000, snd baking does result in the darker coatings required for
some applicaiions. [f the connectors are to he used at lower temperatures,
baking ehould be cowvlxted before chromacing.

-~ e b WAWHREAS ity e
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€IeLic CORMCEION [RST AESLTE

(Dma cypele = 16 hre at 700% . 32 hre tn 5% v-It eprey)
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Figure 2. CYCLIC HEATING/CORROSIUN RESULTS
Cadmium Coatings Over a copper Strike

* This panel was returned to 11
test and failed in 15 cy-les
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Electroless Nickel Coctings
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Figure 4. CYCLIC HEATING/CORROSION RESULTS
Electroless “ickel Coatings
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Ag {ndicate’ earlier ‘n this report, 6061 sluminum alioy uucoated, MIL-C-5541B,
Clase 3 coa.ed, or sulfuric acid anodixed with s dichromate seal sl] withstood
twventy-five cycles of testing. The anodized panelr showed only one pit in

one pane , while the bare and conversicn coated panels show general but very
shallow itting not considered cause for rejection.

Regsults of scribed .anel tests in 502~311t spray were striking. These are
given in Table I1 aad Figure 6, for the nickel-cadmium coating, thick
cadmium, 25.4 am (.001") and thick eiectroless nickel, 25.4 mw. The
electroless nickel appearo to be intact in this photograph and it is, A
better view of what has occurred is given in 7igure 7, The nickel laver
lifted off the underlying aluminua alloy and very severe attack of the
aluminum took place. This is the condition reported for connectors in
service, Some blistering occurred in the nickel-cadmium, but it was stil’
protecting the aluminum at the end of the 168 hour exposure period. The
caduium showed considerable corrosion, cspecially in the scribe marks.

Scribed panel tests in the staindard 5% salt sp-ay agreed generally with the
S0,-salt spray tests, but results were not as ewsily interpreced. Scribes in
the nickel cadmium showed only & few pits as opposed 0 many pits in the
cadmium coating. Results are given in Table III,

Dissimilar metal test results f {led t~ shox any outstanding differences in the
behavior of electroless nickel-cadmium coatings and coatings of cadsium

alone over s copper strike. In both caces, the-e was pitting along the

edge of the cleat. Pitting was slightly wmore pronounced in the case of the
tiranium cleats bur stf{l] ssssarad ro be only in the ceoating, Corrcsicsn
between the bare 7075 and bare 6061 aluminum slloys appears to be almost

as bad as corrosion between the coated panels and the 7075 cleats. 1n all
cases, the corrosion probably takes place vy a combination of crevice and
galvanic corrosion., Figures 8 and © illustrate some of the results ard

Table 1V gives detalils.

The attempt to shorten cyclic testing times by substituting one extended

cycla (100 hours at 200°C follewed by 500 hours in 5% salt spray) for the
repeated short cycles was unsuccessful 1u that the results showed electroless
nickel to be satisfactory when service experience indicates that it {s not.

Once again, nickel-cadmium passed the tests with no pittiang, only a consid:rable
darkening of the film, Thick cadwium (25.4um) showed some pitting, but was
otherwise generally good. Thinner cadwmium coatings failed, Results are

given in Table V in greater detail.

Caretul review of all the tests conducted indicates that the most rapid test
mothod that gives maauingful results is the SO,-salt spray test. However,
Soz-talt spray equipment is not geérasrally available. It is, therefore,
considered that the cyclic corrosion test is a Gstter specification type test.
This test could be shortened to ten cycles, 1{f it were required that three
specimens pass the test. The inadequacy of salt spray testing aione is at
least suggested by the long cycle test (100 beke followed ty 500 hour selt
spray), in which electroless nick:l appears to be satisfactory.
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TABLE II

SCRIBED PANZL TEST RESULYS

(30, Salt Spray - 138 hr Exposure)

Coating

Cedmium 5.0 nm {.0002")
Copper Strike

Cadmiuva \7. am (.0007")
Copper _.rike

Cedmium 25.4 mw (.021")
Copper Striks

Electroleas Nickel 17.8 g m (.0007
Cadmium 7.6 s = {(.0003")

(Baked after sach layer)

Electroless Nickel 25.4 o wu (.001")
(Baked 1 hr at 149°C)

Results

+ —

Poor - all three pancls corroded
ond pitted

Considerable corrosion - especially
in scribes (three panels)

Considerable corrosion - especially
in scribes {three punels)

Excellent by comparison with others -
o pits, some blistering, mmch
yellowing of coating. Some light
white corrosion. Scribes good in

all three

Very poor - nickel lifted away
from alusinu=m in one sheet.
Aluminum badly corroded, All
three panels the sames.
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Figure 6.

RADC-76274~30

ISR CADMIUM OVER (OPPER BTRIKE o

tl NICKEL —g—
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Results of 168 hour S0,-Salt Spray Exposure
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Exposure to 50,-Salt Spray
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Figure 7. Electroless Nickel .001" over 5061 Aluminum Alloy - 168 hours
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TABLE

111

SCRIBED PANEL TEST_KESULTS

(5% Salt Sprav - 168 hr Expciure)

Coating

(.dmiun 25.6 um (,001")
Copper Strike

MIL-C-554]1 Chemnical Film

Sulfuric Acid Anodize

El Nf 5.0 psm (.0002")
Cadmium 5.0 pam (.0002")

El NL 5.0 pm (.002")
Cadmium 7.6 am (.0003")

El Nf 5.0 um (.0002")
Cadmius 12,7 amm (OO

EL N1 12,7 um (.0005")
Cadajum 7.6 am (.0003")

El N1 12,7 am (.0005")
Cadmium 12.7 uw (.0005%)

El Nt 17.8 um (.0007)
Ceadmium 7.6 mw (.0003")

El N1 17.8 um (.0007")
Cadmium 12.7 aw (.0005")

Three pan: is of each

Results

———

White corrostion fille k to ¥ of
the scribes. Pits are forming.

Good - no pits, slight corrosion

Good - no pits, very slight
corrosion

Some white corrosion, 3 pits
Good -~ slight white corrosion in
scribe

Good - very little white corrosion
in gcribe

Good 1{ttle white zorrosion

Good

slight white corrosion

Good - ve y slight white corrosion

Good - very sl ‘ght whits corrosion

One panci of each - all baked sfter uickel coating and baked again after

cadmium coating snd chromating.
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DISSIMILAR METAL TEST RESULTS

7075-T6 ALUMINUM CLEATS ATTACHED TO COATED PANELS (168

NADC-76274-30

TABLE 1v

Coating

None - Contvol Panels

Panel

hrs {n Salt Spray)

Cleat

Good - some very slight
pltting of fay' sur-
facaes

Some genec:al corrosion
faying surfaces

Cadmium 25.4 um (.0017)

EL Nt 5 am (.002")
Cadmium 7.6 um (.0003")
El NL 5 pm (.0002")
Cadmium 12.7 u=m (.0005")
EL Ni 12.7 pm (.0005")
Cadmium 7.5 uw (.0003")
E1 N1 12,7 um (,0005")

Cadmium 12,7 am (,0005")

El ML 17 8 aw ( 0007
Cadmive 5 uwm (,0002")

EL Ni 17.8 um (.0007")
Cadmium 7.6 (.0003")

El Nt 17.8 pom (.0007™)

Cadmium 12,7 um (.0005")

Good - slight white
corrosion lines at

clest edges. Vary

light corrosion of

faying surfaces

All generally the

same - Good - white
corrosion along edge
lines and slight
corrosicn in faying
surfsces (very shallow
pit ing)

Much gener sl corrosion
of ta '{ng surface

Some light corrosion -
vary light pitt {ng of
faying surface: {n all
cleats

6 Al 4V TITANIUM CLEATS ATTACHED TO COATED PANFLS (168 hrs in Salt Spray)

(None of the Cleats were corroded)

Cadmium 25.4 um (.071")

El NL 5 pwm (.0002")
Cadmium 7.6 um (.0003")
El1 N1 5 am (.00027)
Cadwium 12,7 uam (.0005")
El NL 12.7 um (.0005%)
Cadmium 7.6 um (.0003%)
EL N{ 12.7 um (.0005")
Cadmium 12,7 uam (.0005")
£l N1 17.8 um (.0007™)
Cadmium 7.6 pm (.0003")
El N1 17.8 uwm (.0DO7™)
Cadmium 12.7 uw= (.0005")
El N1 17.8 mm (,0007™)
Cadmium 5 um (.0002")

Good - some very small
pits along cleat edge

All panelr similar -
slight vhite corrosion
along cleat edge lines

vith very slight attack

of fayiag surfacen.
The last panel in o
series was slightly
better than the rest.

Distinct pitting along
ons claat edge.

Remainder same as others.
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NAD..-. 5274630

-~ 00C2 " E} Ni - - - 0005

0005 Cd 0002 Cd
0007 BV Nt —meee

¢003" Cd 0005 Cd

Bare 8061 —————

Electroless Ni-Cadmium Costings and Bare 6061-T6 Aluaimum Alloy
Coupled to 7075-T6 Aluwinum Alloy - 168 hra 5% Salt Spray

rigure 8.
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TABLE V

LONG CYCLE TEST RESULIS

(100 hrs at 200°C plus 500 hre in 5% Salt Spray)

Coat ng

5.1 pa (.0002") Cadmiva *
over Copper Strike

17.8 pm (L0007") Cadwium *
over Copper Strike

25.4 pm (. Mi") Cadmium *
over Copper Strike

17.8 um (.0007") Elect-oless
Nickel, Reke, 7.6 umn
(.0003") Cadmium, Chromate,
Bake

25.4 mwm (LGOI

Nickel

A va . - - .
] BiECLIULILCED

* All chromated

<3

Results

General heavy white corrosfon over =zll
three panels - vary bad

Considerable pitting in all penels
One panel more an six pits; one,
three; one, edg. pits, All show

general light white corrosion

Good - one pit on one panel - general
darkening of panel centers

Uverall appearance good in aii three
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Soue discussion of the definitfon of failure appears to be warranted. Failure,
as defined by electronics engineers, appears to be non-functioning of the
equipment. From an afrcraft corrosion control standpoint, general pitting or
bilist.ring of a coating {s considered failure. In & sense both definitions
are probably correct. As long as the part performs its function, it has not
failed. On the other hand, many manhours are spent trying tc prevent further
detericration of corroded parts that still function and these manhours are

not considered wasted because corroded comnectors will ultimately fail
mechanically or electrically, L{f corrosion is not stopped. The wost reasonable
solu-ion {s to apply finighes that will last the iife of the aircraft. The
corrosion test riquirements of connector specifications, such as MIL-C-5015,
are not stricgent encugh to assure good corrcsion resistant finishes. It {is
for that reason that it is recommended that a more severe test, such as some
form of cyclic corrosion tast, replace the very loose requirement+ now in
effect; (i.e., no exposure of basis metal due to corrosion that will affect
performance after 48 hours of salt spray exposure). The requirement should
aiso include a better criterion for evaluating finighes, such as the appearance
of six pits or blistering of the coating.

While the work performed in this investigation was directed toward finding
better coatings for service up to 200°C, it should be noted that QQ-P-416,
Class 3, Type II cadmium plating (5.1 s w) performed poorly in all the tests.
This poor behavior is probably caused by the galvanic effect between the
conventional copper st:lke and the thin, porous cadmium layer, as well as
between the copper and the basis metal. It s felt that consideration should
be given to incrz2asing the thickness requirement for low temperature classes
of conmmnectors from Class 3 to Class 1 (12.5 pwm (.0005") for better corrosion
protection,

Some actual comnector parts of both 6061 wrought aluminua alloy and 380
casting allov have been coated with various systems and are being tested in
both Soz-nal spray and cyclic heating-corrosion (5% NaCl). Early results
indicate that the complex configuration of the shells (threads, projections,
ridges, etc.) make early failure more iikely than it is in panel testing.
Additionally, some surfaces of the connectors are in s horizoan:al position
during selt spray exposure, no mstter how the parts are susperded, and these
surfaces will be more severely attacked, Results of these tests will be
reported as soon as thiy are completed.
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APPENDIX A

PLATING COMDITIONS




NADC-76274-30

APPENDIX A

PLATING CONDITIONS

i PLATING CYCLE

Non etch alkaline clasm, 71-82°C (160-180°F), 10 wmin.
Warm water rinmeé 45-50C (112-1219F)
Mild etch, 60-64°C (140-147°F), 2-4 min
Warn warer rinse, 45-500C (112-1219p)
Cold water tinse
Desmit, room temperatura, 10-80 scc
Bouble cold water rinse
Modified sincate, room temparaturs, 1l mic
. Cold water rinse, 1 ain
J. 50% HNO,, 30-80 sec
A K. Cold water rinse, 1-2 min
L. Modified zincate, 1 sec
K. Cold water riansa, 1-2 min
N, Strike or go directly to alectrolsaz nickel
Cold water rinse

=EOmMHNOOWm»
~n L)

]

P. [I’late
n Nacbhla xald casrpnw —4-.;--
V& ARSIV AN L\ A\ "\-ﬁlb & KLV

R. Chromate treat cadoium coatings
S. Double coid watsr rinze

T. Dry
II  CYCLE FOR ELECTROLESS ... «=~CADMIIM

A, Scme as I - A through C
B. Bake ! hr at 143°C (300°F)
C. Dip in 25% HCl, 5 sec

D. Riaze

E. Cadmiuw plate
F. Rinse

G. Chromate treat
H. Rinse

I. Dry

J. Bake 1 hr at 149°C {300°F)
[1Y1 PLATING SOLUTIONS
Zincate Immsrsion Bath per ASTM B253, Bath 1

Copper Strike per ASTM B253
Ceadmium Strikc per ASTM 3253




NADC-76274-30

APPENDIX A

Bronze Strike
Proprietary - Alstan 80, 30 sec, 108 A/w2 (10 A/ft?), 299
(85°F), followed by Alstan 71, 4 wmin, 323 2/m? (30 A/ft2),

290C (85°F)
Cadmium Plate
Cadmium Oxide 30 g/1 (4 ox/gal)
Sodium Cyanide 120 g/1 (16 oz/gal)
Brightener Udylite 53 as required
Room temperature
Current density 215 A/m2 (20 A/ft2)

Electroless Nickel
Proprietary - 10.5% phceohorus 82-889C (180-190°F)

Non-Etch Alkaline Clesner
Oakite 164 45-60 g/1 (6-8 oz/gal)
71-83°C (160-180°F)

Mild Ptch Clasnar
Oakite 160 30 g/1 (4 oz/galz
33-71°C (100-166°F)

Desmut (Proprietary chromste type)
Isoprep 188 120 g/1 (1€ oz/gal)
Room temperature

Chromate Convereion Coating
Iridite No. 1 30 sec, room temperature
1 Part 1A
1 Part iB
10 Parts water

e St b 1 s el b
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APPENDIX B

SOZ - SALT SPEAY

(SIMULATED AIRCRAFT CARRIER ENVIRONMENT)

B-1
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APPENDIZX B

8O. - SALT SPRAY
(SIMULATED AIRCRAFT CARRIER ENVIRONMENT)

APPARATUS :

Salt fog cabinet meeting requirements of ASTM recommended
Practice Bll7-73, Appendix 1.

Test conducted in accordance with ASTM B11l7-73 with the following
exceptions:

Tower Temperature 45.5°C + i
Cabinet Temperature 35%C + 1

SC, gas injection - i hr/6hr cycle continuously

S0, gas flow - 25 cc/min

CONLITIONS IN COLLECTION BOTTLE
(Tested Weekly)

(1) 1 to 2 mls/hr collection rate
(2) po - 1.8 - 2.5

(3) Sp-gr -~ 1.025 - 1,040

B-2
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