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The nickel plating process is used extensively throughout C%rfng_os!mn N%(%pegnagg (égln(_jltlons
world for decorative, engineering and electroforming pu e g

poses. Decorative electroplated nickel coatings are lustyc . . :
. - . Constituent and Plating Solutions
smooth and mirror-bright. Used with top layers of electrqd

. . . . Conditions Watts All-Chloride Sulfamate
posited chromium, modern-day decorative nickel coat|n yickel sulfate 300 _ _
have remarkable resistance to corrosion. The combinat Niso,. 7H0 (40 0z/gal)
bnlghtness ar|1d ?ut:ﬁbwtty;akul:mlmtts;or trr11e umlt)r/, valude a[ Nickel chioride, 60 giL 300 g/L _
sales appeal o g ckel-plated consumer goods| ¢ NiCI, - 6H,0 (8ozlgal) (40 ozigal) _

other manufactured products.

Engineering nickel coatings are smooth, matte depps Nickel sulfamate, — - 400 g/L
that are most often applied to improve corrosion performar  NHNSO); (2D erGEY
of industrial equipment. But these pure nickel depositg ¢ Boric acid 37.5g/L 37.59g/L 30 g/L
used to control wear, erosion, surface hardness and lubfic  Hs:BO, (50z/gal)  (5o0z/gal) (4 oz/gal)
for magnetic and electromagnetic characteristics; and pH 3.0-4.0 4.0 4.5
optical properties such as reflectivity, emissivity and abspi Temperature 66C (140°F) 60°C (140°F) 57°C (135°F)

tivity. Engineering nickel coatings applied by various meal
are used to solve electromagnetic interference problems
electronics applications, nickel coatings are widely used as
under-layers beneath precious metal deposits where nideeldecorative nickel plating differ from those for engineer-
acts as a barrier to prevent interdiffusion of substrate|and and electroforming applications in that they contain
coating, and additionally, improves the reliability of elemrganic addition agents, which control the nucleation and
tronic components. Engineering nickel coatings thus|egrowth of the deposits, as well as their composition. Fully
hance the value and usefulness of industrial equipment dnidht deposits, for example, contain significant amounts of
components. co-deposited sulfur. Processes exist that yield satin-like,
Electroforming involves the manufacture of tools ansemi-brightand mirror-bright deposits directly from solution
products by electroplating nickel onto a mandrel, which vgithout the need for polishing after electroplating. These
subsequently separated from the nickel deposit. Electpsocesses are proprietary and are operated within the limits
formed tools and products are often impossible to matlecommended by suppliers, but the constituents and operat-
economically by other fabrication methods. Examples wofg conditions of most decorative nickel plating solutions are
electroformed products are: Textile printing screens; seasimilar to those given in the table for the Watts solution. The
less belts; record stampers; components of rocket threkdctrolytes given in the table are used in engineering appli-
chambers; molds and dies for making plastic composdations, but the all-chloride solution is not as popular. As far
automotive and aerospace parts; mesh products for battesiest is known, the all-chloride solution is never used for
and porous electrodes; molds for optical end-uses; bellogsctroforming, because the deposits from that solution are
and radar wave guides. These diverse applications |ekigtd and highly stressed. The Watts solution is suitable for
because the properties, including the appearance, of |eldeetroforming, but most electroforming operations involve
trodeposited nickel can be controlled and varied over brodeposition of nickel from sulfamate solutions.
ranges.

Current density, A/rh(A/ft?) 430 (40) 430 (40) 430 (40)

PostNickel  Plating
Processes Decorative nickel coatings are commonly plated with chro-
Nickel coatings are most widely applied by electrodepositioamum immediately after deposition of the nickel layers. Thin
from aqueous solutions. They are also applied by electrol&sgers of regular chromium have always (since 1923) been
(autocatalytic) techniques; by chemical and physical vapgsed to prevent the tarnishing of nickel, but the more recently
deposition techniques; and by thermal spray methods. Nickadveloped micro-discontinuous types of chromium contrib-
rich organic paint coatings are applied by traditional methodt® greatly to improved corrosion resistance.
(spraying and roller coating), and by newer techniques suctDecorative nickel coatings are also post-plated with gold,
as powder spraying and electrophoretic deposition. silver, brass, palladium, tin-nickel and other metallic coat-
ASTM Standard B-456 and ISO Draft International Staimgs to achieve a variety of decorative surface finishing
dard 1456 provide important information on how to contrefffects. In engineering and electroforming applications, the
the quality of decorative electrodeposited nickel coatingsnickel is often left unprotected, but there are end-uses where
The composition and operating conditions of some typidale nickelis over-plated with heavy chromium and with other
nickel plating solutions are given in the table. The solutionsetals.
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Corrosion  Resistance—Decorative » Explosion—Like other metals, metallic nickel can react
The progress made in decorative plating technology has ledith acids to liberate hydrogen, which may create an
to great improvement in the corrosion performance of nickelexplosion hazard.
plus chromium coatings. Although single-layer bright nickel Hazardous Gas—in certain circumstances, finely divided
coatings are lustrous and attractive, they are not highlymetallic nickel, in the presence of activators such as sulfur
protective and are therefore only specified for mild servijce.or sulfate, can react with carbon monoxide in reducing
Multilayer nickel coatings (double- or triple-layer) are atmospheres to form nickel carbonyl, a very toxic chemi-
much more corrosion resistant and are specified for sgvereal. Itis liquid at ordinary temperatures and pressures, and
and very severe service. Double-layer nickel coatings copsisteadily vaporizes.
of an initial layer of highly leveled semi-bright nickel fgl- Contact Dermatitis—Physical contact with nickel or cer-
lowed by a layer of fully bright nickel. On steel, the initfal tain nickel compounds may cause allergic dermatitis. How-
layer is at least 60 percent of the total thickness of the coatingver, with modern-day personal hygiene and the use of
Because the initial layer is sulfur-free and more noble than th@ppropriate protective gloves and clothing, this is not a
top layer, corrosion of the top, bright nickel layer occurs common occupational problem.
preferentiallyi.e.,a pit begins at a pore in regular chromiupn?, Irritation—Soluble nickel salts can be irritating to skin and
then proceeds through the bright nickel, the pit becomingeyes. Rare reports link asthma to soluble nickel com-
flat-bottomed at the interface. Penetration to the underlyingpounds. “Animal tests at high exposure levels cause irri-
substrate is thus delayed. tated tissues of the lung and mucous membrane.”
Triple-layer nickel coatings require the deposition of a
thin, highly reactive nickel layer between the semi-bright and There is no evidence to indicate that inorganic nickel is
bright nickel layers. When corrosion reaches the hightarcinogenic when ingested. Elevated levels of respiratory
reactive layer, corrosion proceeds laterally beneath the brigahcer have been associated with now-discontinued refining
nickel, again delaying penetration to the substrate. Doybtgerations where nickel subsulfide was sintered or calcined.

layer coatings are more than adequate for most applic
and are easier to apply, and as a result, are more widely
than triple-layer coatings.

When corrosion is initiated, it begins at a few sites on
surface of regular chromium. Electroplaters have learne
control the initiation of corrosion by using micro- discontin
ous chromium deposits, which are either highly porou
highly cracked on a microscopic scale. Corrosion is initig
at countless sites on the surface. The result is to sprea
corrosion over a large surface area rather than havi
concentrate at one or two isolated pores. Corrosion prog
more or less uniformly over the surface and the rate o
penetration is slowed down dramatically. The use of mi
discontinuous chromium coatings in combination with dou
layer nickel has improved corrosion performance by an o
of magnitude.

Corrosion  Resistance—Engineering

Corrosion resistance in engineering applications, when ni
is used alone, is controlled by optimizing nickel thickne
The more corrosive the service conditions, the greate
thickness of nickel required. See ASTM Standard B-68

Quaty Conrol -
Nickel plating quality control is a critical concern whether

idartality studies of the nickel-using industry suggest no
wdedated cancer risk when airborne levels are below the
current OSHA permissible limit of one milligram of nickel
tper cubic meter.

d tAAt least two studies have concluded that “certain nickel
uecompounds may be reasonably anticipated to be carcino-
5 @ens” without identifying the specific compounds involved.
itéda a result, “OSHA has mandated that everyone who makes
dathnports these substances or alloys containing these sub-
ngtances must warn of a cancer hazard on MSDSs and on
eshipping labels.”

f pitEPA has established limits on the amount of nickel present
crio- wastewater discharged as a result of nickel plating opera-
bldens and nickel-bearing sludges generated must be disposed
radraccording to law.

Trends

The consumption of nickel for electroplating in the Western
ckedrld increased by about 25 million pounds between 1970
sand 1985. There have been significant shifts in the patterns of
ttensumption during that period; consumption, for example,
D.increased significantly in the Far East, Latin America and

India/Africa, but decreased in North America, Western Eu-

rope and Japan. Decorative applications continue to domi-
heate the end-uses of nickel plating, but engineering and

process is used for decorative, engineering or electroformedgctroforming applications continue to grow in importance

purposes. Nickel plating quality control involves mainta
ing the purity of plating solutions, preparing surfaces prig
plating to obtain adherent deposits, and using techniqu
improve the uniformity of the thickness of the coatin
Testing and controlling the properties of nickel deposits,
eliminating rejects are important aspects of quality cont
The design of a product or component affects its plateal
and hence its quality. Quality nickel plating requires atten
to these and other details.

Health & Environmental
Nickel and nickel-containing substances can and are b
used safely. Some hazards associated with nickel are:
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