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"Dourle-layer nickel deposits were compared with single-layer deposits (with
chromium flash topcoats) for corrosion protection provided to steel exposed at
several tropical cavrironments. The double-layer nickel plated steel was consider-
ably more corrosion resistant than single-layer nickel at tropical marine and open
field exposuzres. There was no apparent benefit to the double layer at rain forest
exposure, however,

40um (1.6 mil) total thickness of double-layer nickel was virtually completely
protective to steel at the open field and rain forest sites over 35 monthe exposure
whereas 20um thickness was not, At the coastal marine site, the 40um double-layer
: coated specimens had only slight basis metal attack after 35 months'exposure,
Elimination of the chromiuwu:n flash topcoat on 40 ym nickel deposits in some
instances, appeared to improve resistance to basis metal attack but greatly reduced
the surface tarnish resistance.

A semi-bright nickel electrodeposit with an electroless nickel topcoat was
superior in corrosion protection to the conventional double-layer nickel electro-~
deposits of the same total thickness, However, the electroless nickel deposits
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ABSTRACT

Doublee«layer nickel deposits were compared with singie-layer
deposits (with chromiura flash topcoats) for corresion nrotection pro=
vided to steel exposed at several tropical environments. The double-
luyer nickel plated steel was considerably more corrosion resistant
than single«layer nickel at tropical marine and open field exposures.
There was no appavent benefit to the double layer at rain forest expoe
jure, however,

A 40 pm (1.6 mil) total thickness of double<layer nickel was vir=
tually completely protective to steel at thie open field and rain forest
sites over 35 months'! exposure, whereas 20 pum thickness was not. At
the coastal marine site, the 40 um double«layer coated specimens had
only slight basis metal attack after 35 months! exposure,

Elimination of the chromium flash topcoat on 40 ur nickel deposits
in some inetances appeared to improve resistance to basis metal attack
but greatly reduced the surface tarnish resistance.

A semiebright nickel electrodeposit with an electroless nickel
topcozat was superior in corrosion protection to the conventional double-
layer nickel electrodeposits of the same total thickness, However, the
electroless nickel deposits tarnished badly at the tropical exposures.
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Corrosion of Nickel Plated Steel
at Tropical Environments

F. PEARLSTEIN and L. TEITELL, Frankford .irsenal, Philadelphia, Po.

ARMY equipment is required to function effectively ina
wide variety of environments; therefore, it is necessary to
provide adequate protection against corrosion of the
various components. Protection of steel components in
tropical environments has been particularly important in
view of military activities in tropic and semi-tropic regions.
This study evaluated the effectiveness of single and double-
layer nickel'*? deposits for providing corrosion protection
to steel exposed to tropical environments.

Procedure

AISI 1010 steel panels were plated with several
thicknesses of levelling, semibright, sulfur free nickel and
the same total thickness of double-layer nickel. The bright
nickel deposit thickness consisted of approximately 25% of
the total. A conventional 100:1 ratio chromic acid-sulfate
solution was used to apply .5 um (0.02 mil) thickness of
chromium topcoat upon the nickel. One group of speci-
mens with 15 uym (0.6 mil) semibright nickel was coated
further with S um (0.2 mil) electroless nickel(!) deposit.

Several exposure sites in the Fort Sherman area of the
Panama Canal Zone were selected for conducting the
corrosion tests. One site was on a breakwater extending
into the Caribbean where considerable sea spray was
produced from waves breaking on the rocks. An open field
site was available approximately 600 meters from the sea at
the nearest point and 1250 meters away in the direction of
prevailing winds. The third exposure site was located under
the canopy in the tropical rain forest of Fort Sherman.

Results and Discussion
Results of exposure tests (Tables 1a and 1b) indicated
that double-layer nickel deposits are superior to single layer

et

(Jcompomtion: 35 g sk sulfase - 6H10; 4 g somum (it
rste - 2H10; 3.8 g/l sodium acetate; 15 g/l sodlum hypo-
phosphite - H;0; and 0.002 g/l mercaptobenzothiszole (adJed
from solution 10 g/l MBT in 0.2N NaOH). Temperature, 90 C
(194 F). Initial pH, 5.0,

)

nickel (all with chromium topcoat) for protection of steel
exposed at the tropical marine site. However, 40 um (1.6
mils) totai thickness is necessary to provide effective
protection for as little as nine months’ exposurs; 20 um
deposits are not adequate. After 35 months’ marine
exposure, only the 40 pum double-layer deposits were
protective against severe basis metal attack., These panels
(Figure 1) had a number of small areas (1 to 2 mm
diamster) of very light rust but little attack of the basis
metal was evident, Similar results were obtained with the
40 um double-layer nickel deposits without chromium
topcoat except that there was even less evidence of basis
metal attack.

Double-layer nicke! deposits were clearly superior
(Figure 2) to single layer nickel in providing corrosion
protection to steel exposed at the open field site. However,
double-layer deposits of 20 um (0.8 mil) thickness or less
were not completely protective after 35 months, The 40
um doubdle-layer was protective and of genersily excellent
appearance, though a number of shallow pits were visible
which apparently extended only to the semibright nickel

TABLE 1a — Corrosion of Plated Stest

at Three Tropical Exposure Sites
Coating Thickness, 4w (mit)
Semibright Bright Electroless

No. NI Ni Cr Ni

A 10 (04) - 0.5 (0.02) -

B 20 (0.8 - 0.8 (0.02) -

c 40 (1.6) - 0.5 {0.02) -

D 40 (1.8) - - -

E 27.510.3) 2810.9) 0.8 10.62) -

v "m (e DN a8 an?) -

G 30 (1.2) 10 (04) 0.5 ,02) -

H N 1.2 10 (0.9) - -

| 18 (0.8) - - 5.00.2)

Reprinted from MATERIALS PROTECTION AND PERFORMANCE, Vol. 10, No. 11, pp. 30-32 (1971) November
Copyright 1971 by the National Association of Corrosion Enginesrs




TABLE 1b — Basla Metal Corrosion Ratingst!? (Aversge of Four Replicates)

Marine {months) Open Fieid (months) Rain Forest (montha)

No. 4 ] L] b3 2 B 4 ] 15 21 29 K] 4 9 15 21 2 *
A 1.3 0 1] ] (1} 0 1.4 1 0 0 0 (1] 5 5 39 39 28 2
B 1.8 1.3 03 0.1 1] 1] 48 23 1 1 V] 0 -] 5 44 43 4 35
C 23 18 1.0 08 0.4 0 5 4.3 1.9 11 4] 0.5 ] 5 44 44 4.4 6
D 3 19 1.5 1.0 0.3 L] 33 3.0 29 26 15 18 5 5 3.4 43 40 43
E 25 1.5 1.3 1.0 0.3 0 48 35 2 15 0.6 05 5 [ 38 34 2.1 2
F 38 29 1.6 1.6 1.1 1.8 4.5 4.6 35 29 26 23 5 5 45 45 4.3 28
G 8 48 3 29 29 3 5 5 4 38 34 45 5 5 4.6 4.0 4.0 5
H 8 5 4.8 39 a8 4 6 5 5 5 5 5 5 44 41 4.1 40 48
1 45 4.5 45 A5 3.1 4.5 ] 5 4.8 4.8 48 5 5 5 45 45 4.5 5

MDpging  Degron of Corrosion Estimeted Arss Atfocsed

S= None 0

4~ Traces <02
3= Siight 02t01
2= Moderate 1106
1. Considersble 51028
o= Very sxtorsive 26 10 100

layer; virtually no signs of basis metal attack were observed.
Omitting the chromium topcoat resulted in even more
complete protection of the basis metal, but the surface was
quite dull in appearance with extensive fine pitting present,

The rain forest was the least corrosive of the tropical
environments to the nickel plated steel panels, However,
even here, 20 um (0.8 mil) nickel deposits were not
completely protective over the 35-month exposure period,
but 40 um deposits were. There was no evidence of
superiority of the double-layer over single layer nicke}; in
fact, slight inferiority was indicated. Omitting the
chromium topcoat from the 40 um deposits had little effect
on basis metal protection, but the surface appearance was
detrimentally affected by a tamish film and fine surface

pitting,
Total Nickel
40 iim (1.8 mil)

-

Total Nicksl
20 pim (0.8 mil)

Total Nicke
10 m 0.4 mil)

Figure 1 — Niskel pleted seel penels (0.8 1w chromium topoost)
sftor 36 menths’ anposure to wopiesl merine erwironment., A—
Single-leyer niskel. 8-Dowbie-leyer niskel. Q)

[
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Considerably more protection was furnished to the
steel basis metal by the 20 um (0.8 mil) double-layer
deposit, consisting of 15 um of semibright nickel beneath 5
um of electroless nickel, compared to any of the other 20
um thick deposits. The 20 um double-layer deposit, with
the electroless nickel layer, gave approximately the same
protection to the basis metal as the conventional double-
Jayer deposits with twice the thickness, ie., 40 um.
However, at all the test sites, the electroless top layer was
tarnished badly and at the rain forest site was discolored
with black blotches. Further studies are presently being
conducted on double-layer coatings comprised of one or
more electroless plated layers.

In a few instances, the ratings for basis metal corrosion
were higher at the termination of this test {after 35 months’

Total Nickel
20 um {0.8 mil)

. " v’u\ -t g PP

Total Nickel
40 pim (1.6 mit)

Total Nicke!
10 im (0.4 mil)
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exposure) than at earlier periods. The panels were cleaned
only at the termination of the test, so adherent debris or
microbial growths present on the panels at the time of the
irterim field inspections may have prevented the differen-
tiation of basis metal corrosion from corrosion of only the
protective metal coating.

Conclusions

Double-layer .'ckel deposits were considerably more
protective to steel thon single layer deposits at the tropical
marine and open field sites but provided no advantage at
the rain forest environment.

Conventional double-layer nickel deposits of 40 um
(1.6 mil) thickness were virtually completely protective to
stee] after 35 months’ exposure at tropical open field or
rain forest sites, while the 20 um deposits were not, There
was only slight basis metal corrosion of 40 um double-layer
nickel coated steel after this period of exposure to tropical
marine environment,

The surface appearar.ce was quite detrimentally affect-
ed by omission of the chromium topcoat, but in some
instances, the basis metal protection was somewhat im-
proved,

A semibright nickel deposit of 15 um (0.6 mil) plus an
electroless nickel topcoat of § um (0.2 mil) thickness was
considerably more protective than the conventional
double-layer deposits of the same total thickness. However,
the electroless nickel surface was badly darkened by
environmental exposure, particularly at the rain forest site,
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