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(@and Nickel)

Dr.GeorgeA.DiBari

When | learned that | was to receive
this honor, | had already made
arrangements to retire from Inco
Limited, one of the world’s leading
producers of nickel. After almost 38

years with that company, thinking andf]

talking about nickel electroplating
have become habits that | am not
going to break today.

This, the 40th William Blum
Lecture, describes the search for the
ideal nickel anode material and the
survival of nickel electroplating. The
closing section is a tribute to prior
award winners and to some of the
people that | worked with at Inco.

TheSearchfortheldeal

Nickel AnodeMaterial

| decided to review this subject
because the anodic behavior of nick
in electroplating has not been dis-
cussed in the technical literature for
long time, and I've been told that a
new generation of electroplaters doe
not understand why they use the
nickel anode materials that they do.
will skip the early years (1842-1900)
when the nickel that was available
was contaminated with iron and
copper, and before it became standg
practice to add chlorides to make su
the nickel dissolved properly. Today,
nickel is produced to high standards
of quality, problems with the purity o
nickel anode materials rarely occur,
and we now have anode materials t
dissolve at 100 percent efficiency
without chlorides being present in
solution.
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This illustrati

Once a source of pure material
became available, electrolytic nickel
strip was suspended from hooks
placed on an anode bar. That is the
least effective way to satisfy nickel
anode requirements because electrd
lytic nickel strip dissolves preferen-
ekially at its bottom and its sides,
resulting in an ever-changing anode

aarea accompanied by a correspondi
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ion from a Hanson & Van Winkle Co. catalog appeared on the June 1984 iBsaingf
and Surface Finishindt gives an idea of life in the plating shop during the early part of this century.

increase in anode current density.
Strip dissolves non-uniformly,
becomes fragile and spongy, and
tends to break and disintegrate before
it is completely consumed. It forms
-metallic residues that must be retained
in anode bags to prevent cathode
roughness. The replacement of
electrolytic nickel strip may require

ngnterruption of the plating process,

o
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“Whenyouhaveheardwhatlhavetosay, youmayshare mydoubtthatthe cathodic
reactionisascomplicatedinmechanismastheanodicone.”

and yields anode stubs that have to peurrent density change during

X

t electroplating and operations usually

disposed of or recycled. The fact th
it is available in limited lengths is the
major disadvantage for large-scale
commercial electroplating.

WroughtNickel Anode

Materials

Those limitations led to the develop-
ment of wrought anode materials tha
served the industry for more than 30
years.

The first nickel anode material
developed intentionally to obtain
improved performance was wrought
depolarized nickel (1928). That
material contains greater than 99
percent nickel, about 0.5 percent
nickel oxide, and a minute amount o
sulfur. Wrought depolarized nickel
anodes form a brown film during
dissolution, and must be encased in
anode bags to prevent those residug
from entering the solution and causi
roughness at the cathode. Although
this anode material dissolves abso-
lutely smoothly, the anode area and

f Wrought carbon anodes form little, if

n@f filters. Because the silicon is

—W.A. Wesley

3rdHothersallMemorialLecture,1956.

have to be interrupted to replace
anodes and anode bags. There is n
size limitation, however, and lengthg
suitable for large-scale electroplatin
in deep tanks are commercially
available.
The wrought carbon anodes
tintroduced in 1938 contain about 0.2
percent carbon and about 0.25 perc
silicon. During dissolution, silicon is
oxidized to silicic acid which, in
combination with the carbon, forms
thick, highly retentive, black film on
the surface that keeps tiny metallic
particles in contact with the anode
long enough for them to dissolve.

any, metallic residue, but are never-
theless used with anode bags to keg
carbon plus silicon residues out of

ssolution and to prevent the clogging

oxidized, anode efficiency is less tha
100 percent, which slows the increa
in pH that normally accompanies

Dhissolution
E grescilesr 1hcan

ACTIVE R

IEEEEEE A

PASSIVE REGION
Non-wnilorm

Uniform Dissolulion
E less than E,y

nickel plating. Lengths suitable for
large-scale electroplating can be
produced.

D
AnodicBehavior

y of Pimary Nickel

Most of the limitations of electrolytic
nickel strip as an anode material are
related to nickel's tendency to become
?5passive when dissolved anodically. In
erahloride-free nickel sulfate solutions,
the potentiostatic anodic polarization
curve (Fig. 1) for nickel exhibits

3 typical active, passive and
transpassive regionislhe departure

of the active portion of the curve from
linearity as Epp is approached is the
point where an oxide film begins to
form on the anode surface. The Flade
potential, Ep, is the point where film
2pformation is complete; that is, where
an oxide film completely covers the
surface. In the passive region, the
nickel oxide film increases in thick-
nness. In the transpassive region, the
seurrent density increases rapidly as a
result of the oxidation of hydroxyl

ions and the generation of oxygen.
Because the value of the current
density at Epp is very low, pure
electrolytic nickel can not be used to
replenish nickel ions in a nickel

Epp

sulfate plating solution that does not

EGIOMN—

Fig 1—Schematic drawing of a typical potentiostatic anodic
polarization curve for pure electrolytic nickel in chloride-free nickel
sulfate solutions. Eis the open-circuit potential;pg the principal
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Fig 2—Anodic polarizatio
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that rises rapidly above 1.2 volts in Figure 3, due to the generatiorcontaining 14 g/L of chloride, at pH 4, 85, comparing results obtained with
constant current (galvanostatic) and constant potential (potentiostatic).

of oxygen.
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contain chloride ions.

When nickel chloride (Fig. 2) is
added to nickel sulfate solutions, the
active to passive transition region is
still present, but at an applied poten
tial of about +0.2 volt vs. SCE, the
current on the anode rises rapiélly.
Hart and co-workers confirmed that
the transition from active to passive
dissolution occurs even at very high
chloride concentrationsThe persis-
tence of the active to passive transi-|
tion region proves that an oxide film
forms even in the presence of chlo-
rides. Under practical plating condi-
tions, pure electrolytic nickel dis-
solves at a constant potential, +0.2
volt vs. SCE, over a wide range of
current density when chlorides are
present and the rate of dissolution ig
virtually independent of the anode
potential?

The non-uniform dissolution of
electrolytic nickel observed in most
commercial nickel electroplating
solutions, its tendency to dissolve
through pits on the surface and to
become spongy at advanced stages|
dissolution, is due to the oxide film 0
its surface. A correlation between the
electrochemical and the physical
dissolution characteristics, was thus
established. Nickel dissolves non-
uniformly when its dissolution
potential exceeds the peak potential
Epp, and uniformly below that
potential? The mode of dissolution is|
influenced by pH. Below pH 2, pure
electrolytic nickel dissolves relatively
smoothly; between pH 2 and 4 the
surface becomes increasingly rough
and above pH 4 the dissolution
becomes non-uniform and spongy.
(The correlation between polarizatio
characteristics and the mode of
dissolution applies to other film-
forming materials, notably stainless
steel and aluminum.)

The reaction taking place in the
active region is not simply Ni- Ni**

+ 2e. Active dissolution of nickel in
a chloride-free nickel sulfate solutior
involves adsorbed hydroxyl ions and
may proceed in three consecutive
steps as follows:

1. Ni + OH - NiOH adsorbed +€
2.NiOH,,_ . ~NIiOH* +e

3. NiOH" - Ni** + OH

The reactions responsible for the
transition from active to passive
behavior may be written:

4.NiOH__ + OH -Ni(OH) I + e
5. Ni(OH),1 -NiO | + H,O

The anodic polarization character
istics of nickel are the result of the
competition among these reactions.
The rate-determining step in the
active region changes as overvoltag
is increased (from step 3to 2 to 1). 1
potentials where reactions 4 and 5 3
possible, the percentage of the surfa
area covered with nickel hydroxide
and nickel oxide increases and
accordingly, the current density
gradually decreases in the transition
region.

In the presence of chlorides,

interfere with the formation of nickel
n ydroxide and the thickening of the
| oxide film. This chloride-assisted
~ dissolution increases anode efficien
to 100 percent, but dissolution is

film.

TitaniumAnode Baskets

The introduction of baskets trans-

formed nickel anode practices almog

overnight and led to the developmer

of new, active forms of nickel.

Baskets for nickel electroplating are
" made of titanium mesh strengthened
by solid strips of titanium at tops,
bottoms and edges. The baskets are
encased in cloth anode bags, sus-
pended on the anode bar by hooks
are an integral part of the baskets,
loaded with small pieces of nickel.

Titanium anode baskets were

quickly adopted because of the
following benefits:

n

O The anode basket is large and
unchanging assuring a uniform
anode area giving constant curre
distribution and consistent thick-

species like NiCladsorbed and NiCl+

]
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ness for repeat batches of the sa

work;

00 Anode maintenance involves

topping-up the load to keep the
baskets filled and can be per-
formed without stopping plating
operations;

O Conforming baskets are possible in

virtually any size and shape;

O The anode to cathode distance is

constant contributing to good
current distribution;

| O Lowest-cost, primary forms of

nickel can be used to fill the
baskets;

O Baskets can be semi-automatically

or automatically filled; and

O Anode bags last longer when used

with baskets.

'CSutir-Contaning

Beaoy/ic Noel

Once the anodic behavior of nickel in
electroplating solutions had been
studied, work to develop an improved
primary form of nickel for use in
baskets focused on finding additives
that would increase the activity of the
metal in electroplating solutions. The
most effective additive proved to be

ulfur®? Small amounts of sulfur

i (0.01% to 0.05%) lower the dissolu-

localized and occurs through an oxigelO" Potential by at least 0.4 volt
compared to pure electrolytic nickel

and transform the mode of dissolution

from non-uniform to uniform.

A black, nickel sulfide film forms

on the surface as sulfur-activated
nickel anode materials are dissolved.
Because nickel sulfide is highly
insoluble, sulfur in the anode material
i is retained in the anode bag as part of
the residue. The amount of residue is
| less than 0.1 percent of the metal
dissolved; that is, more than 99.9
hRgrcent of the nickel goes into

olution. A critical observation was
at sulfur from the anode is not

transferred to the cathode, as deter-
mined by conventional analytical
techniques and radio-tracer studies
(unpublished).

The lowering of the dissolution

potential conserves energy and
reduces power costs by 2—-20 percent,
depending on current density, as
ngonfirmed by tests conducted in the

Developmentsindecorativenickelplatinghaveinvolved diametricallyopposed

September 1999

points  were tumed

Dr.HenryBrown

9thWiliamBlumLecture, 1967
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Fig 3—Anodic polarization curves of nickel al
sulfate solution.

laboratory and in plating shops.

Sulfur-containing electrolytic
nickel dissolves at 100-percent
efficiency even in the absence of
chloride ions which makes it possiblé
to control deposit stress by eliminat-
ing or lowering the concentration of
chlorides in solution, an advantage
that is indispensable for electroform-
ing. Sulfur-containing electrolytic
nickel is the most active anode
material commercially available as
indicated by the data in Fig. 3.

The mechanism by which sulfur
depolarizes or activates electrolytic

nickel is not crystal clear. Because thesquares in 1962Two forms of sulfur-

sulfur is present in the anode materi
as sulfide and is electronegative, it
may lower the effective concentratio
of hydroxyl ions in the anode film so
that the nickel oxide film can only

node materials in a Watts and a chloride-free

absence of chlorides. Sulfur-contain-
ing electrolytic nickel does not apped
to form an oxide film when chlorides
are present. Di Bari and Petrocelli
® suggested that adsorbed sulfur-
containing anions might be respon-
sible for the activationl. Morris and
Fisher proposed that a tiny amount g
the sulfur in the anode material is
oxidized to form an anion, perhaps
thiosulfate, that prevents oxide film
formation by specific adsorptioh.
Electrolytic nickel containing a
small amount of sulfur first became
available in the form of sheared

alcontaining nickel were introduced in
1972: a button-shaped material mad

n by electrowinning and a spherical
form made by the decomposition of
nickel carbonyl. Electroplaters

spherical forms because those shapes
have better settling characteristics
than electrolytic nickel squares that
tend to bridge and hang up at their
corners.

TheldealNickel Anode

Material

An ideal nickel anode material would
dissolve absolutely uniformly at low
overvoltage without introducing
soluble impurities into the solution
and without forming solid residues
that accumulate in the anode bag. The
ideal anode, by eliminating the need
for anode bags, would reduce plating
costs. Sulfur-containing electrolytic
nickel has all the characteristics of the
ideal anode material except that it
produces a nickel sulfide residue that
makes the use of anode bags manda-
tory. Sulfur-containing electrolytic
nickel is widely used, especially for
electroforming, but the sulfur-free
button-shaped material introduced in
1978 is now the most popular product
for electroplating.

The development of a sludge-free
nickel anode material is a worthwhile
research objective that is not likely to
be achieved by modifying the
composition of the nickel. It might be
achievable by developing decorative
nickel plating solutions that operate at
pH 2 or by modulating the current on
the anode, approaches that do not
appear to be practical.
ickel
The Sunival  of Nickel
Eledroplating
Inco’s long commitment to the
development, production and market-
fing of improved nickel anode materi-
als is easy to understand because
electroplating is a major consumer of
the materials that it produces. But
Inco people on both sides of the
Atlantic contributed to the develop-
fment of decorative nickel electroplat-
ing, electroforming and nickel alloy
plating, and a few of those contribu-
tions are reviewed below. The
guestion of whether nickel plating, as
we know it, will survive is discussed
at the end of this section.

DecorativeNickelPlating
&Quality
EThere were times in the early 1970s
when many of us were convinced that
the automotive decorative applica-
tions of nickel plating would disap-

form at high anodic overvoltage in th
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equickly converted to round and

pear completely. Inco launched a
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major market development and
advertising campaigrBfightness is
Classic, 1979to stop the decline in
automotive decorative plating. The
campaign slowed the decline, but di
not stop it. On the technical side, we
participated in an intra-company
program to develop nickel plus
chromium electroplated aluminum
bumpers. The most important result
that effort may well have been the
improved corrosion performance of
nickel plus chromium electroplated
aluminum alloys that was demon-
strated, largely due to the use of
microdiscontinuous chromiufm(The
other participants were Chrysler,
M&T, Harshaw, Houdaille, Gulf &
Western and Alcoa.) In addition,
several corrosion performance
programs were launched that shed
light on the factors that determine th
corrosion performance of decorative
electroplated nickel plus chromium g
steel, zinc base die castings and
plastics. Some of those programs
were conducted by Inco; others, by
ASTM Committee B 810.

Two trends that began in the
eighties have reversed the decline in
automotive decorative platingFirst,
when major automakers failed to
satisfy demand for bright work,
consumers turned to other sources ¢
decorative automotive hardware and
as a result, a large, profitable after-
market business developed. Second
the demand for light trucks, sports
utility and recreational vehicles

“MichaelFaradaymarriedSarahBamardin1820. The
unionwasahappyone, butchildless.”
—EncyclopediaBritannica, 1970

between individual nickel layers, and
the pore or crack density of the
chromium. It is crucial that that the
obulfur content of the semi-bright
nickel is below 0.005 percent, and
that the semi-bright nickel has a
specific elongation greater than 8
percent. Procedures for preparing th
substrate for electroplating must
ensure adhesion, and testing for
adhesion is required as part of the
quality control regimen. In addition,
when electroplating complex shapes
like styled wheels, the use of auxilia
anodes to control the uniformity of

e coating thickness is crucial for
optimizing corrosion performance.

N The various corrosion performanc
programs referred to have demon-
strated convincingly that decorative
nickel chromium coatings are capab
of providing long-time protection to
steell2 and other substrates, and th
fact is partially responsible for the
survival of decorative nickel plating.

Electroforming/Fabrication
fDecorative applications are still the

largest segment of nickel electroplatt

ing, but applications in electroformin

, and nickel alloy plating will become
even more important in the future.
Electroforming is electroplating

skyrocketed. Because many of those¢ applied to the manufacture of prod-

popular vehicles retained brightwork
the markets for automotive decoratiy
nickel plating began to grow. A key
factor has been the development of
decorative nickel chromium plated
steel and aluminum wheels that wer
initially designed for trucks, but now
appear on many passenger cars. Th
increased use of plated plastic grille
and of bright coatings on inside
components are relatively recent
trends.

If the apparent resurgence of
automotive decorative nickel plating
is to be nurtured and sustained, it
must be based on quality. The
requirements for producing high-
quality decorative nickel plus chro-
mium coatings include controlling:
the metallurgical condition and
surface finish of the substrate; total
nickel thickness, the ratio of semi-
bright to bright nickel, electro-

ucts and components. In electroform

€ing, metal is deliberately electrode-
posited non-adherently so that it can
be separated from the substrate. Th
substrate in electroforming is a

e mandrel or mold, and the metal that
separated from the mandrel become

ethe final product. The mandrel is

5 usually a negative or reverse replical
of the product to be fabricated, and i
often recovered and re-used. Many
useful products are made by nickel
electroformingt?

Electrofabrication also results in
the production of components and
parts, but does not involve the use 0
traditional mandrels. In
electrofabrication, the substrate
becomes an integral part of the
component, and electrodeposition
takes place selectively through mask
thick resists, or in specially designed
cells}**The combination of

chemical potential differences

38

electrofabrication and modern

photolithographic techniques for
generating patterns makes it possible
to produce parts with extreme
precision and fineness of detail on a
microscopic scale. Parts can be
reproduced in quantity with a high
degree of dimensional accuracy. The
eelectrofabrication of thin film heads
for magnetic recording, thin film chip
carriers, and microminiature movable
parts involves the deposition of one or
more layers of metal onto a substrate
, that becomes an integral part of the
yfinal producti®*®and is likely to lead
to new applications in electronics,
circuitry, medical and other areas.
The Inco people most closely
eassociated with electroforming are
A.D. Squitero and Dr. S. Alec Watson.
A.D. Squitero supervised research and
emarket development programs, and
company-sponsored seminars in the
atl960s that helped renew interest in
electroforming technology. Dr.
Watson who worked for Inco Europe
for 30 years, was recently honored by
the Institute of Metal Finishing. He
delivered the 21st Hothersall Memo-
rial Lecture at the Institute’s Annual
g General Meeting, Birmingham,
England, 18 Nov. 1998. His lecture,
“A Tale of Two Billion,” reviewed
developments in nickel electroform-
ing.X®* That enigmatic title refers to the
-value of nickel electrofoming ... 2
billion U.S. dollars in 1996. That far
exceeds the dollar value of the nickel
e contained and explains why this
amazing technology is likely to
isexpand.

S
Nickel Aoy
A number of binary nickel alloy
selectroplating processes have been
commercialized in recent years. Those
that are commercially significant are
described below:

O Nickel-Cobalt Belt, Crossley and
Kendrick (Inco Europe) studied the
influence of cobalt in a concen-
trated nickel sulfamate solutiéh.
The maximum hardness occurred
at about 35% cobalt. Although the
alloy deposits begin to soften when
heated above 20C, the hardness
of the alloy deposits remains

f

greater than that of similarly

PLATING & SURFACEFINISHING



heated pure electrodeposited
nickel. The modest improvement
high temperature properties at 35
cobalt has been applied in electrg
forming.

O Nickel-Copper and Composition-
Modulated Alloy Coatings
Multilayer coatings produced by
cyclic modulation of the depositio
potential during electroplating are
a new class of material, sometime
displaying extraordinary propertie
as a result of the artificially layere
alloy structure! Compositionally
modulated alloy coatings can be
prepared in various ways. In the
preferred method, the alloying
elements are present in the same
solution and are sufficiently
different electrochemically that
cyclic pulsing of the current or of
the potential results in the deposi-
tion of one element at low current
density and the other at high. The
nickel/copper system is one of the
first to be studied in this connec-
tion. Compositionally modulated
nickel/copper alloys have greater
tensile strength than pure nickel,
are likely to display exceptional
ductility, and may have enhanced
corrosion resistanc@ Composi-
tionally-modulated coatings have
unusual magnetic properties and
are likely to be applied in elec-
tronic applications and in the
electrofabrication of circuitry.

O Nickel-lIron Nickel-iron alloys
produced by electrodeposition
have low coercivity, high perme-
ability, very rapid response, and
allow very short switching times o
the order of a few nanoseconds.
They have zero magnetostriction,
and are applied in high-speed
memory storage devices in
computers and other electronic
equipment, for example, in the
electrofabrication of magnetic
recording head¥.Laptop comput-
ers would not have been possible
without the miniaturization that
electrofabrication makes possible

O Nickel-ManganeseThe loss in
ductility on heating electrodepos-
ited nickel has been attributed to
the effect of tiny amounts of sulfu
that migrate to grain boundaries t
form nickel sulfide that embrittles
the nickel. Because manganese i
added to molten nickel during the
production of wrought nickel and

codeposition of manganese shou
improve the high temperature
ductility of electrodeposited nicke
Dini, Wearmouth, and Malone
confirmed that and applied the idé
in producing electroformed article
to be exposed to elevated temper
tures in servicé*

n O Nickel-Molybdenum & Nickel-
TungstenThe interest in these
alloys stems from their increased
hardness and improved high-
temperature oxidation resistance.
Nickel-tungsten and cobalt-
tungsten alloys are potential
substitutes for electrodeposited
chromium. Recent work on the
electrodeposition of nickel-
molybdenum alloys established
conditions for depositing composi
tionally-modulated multilayer alloy
deposits and concluded that
deposits containing greater than 4

>

Do

o,

percent molybdenum are theoretit

cally possible”

O Palladium-Nickel The substitution
of palladium (more precisely, gold
electroplated palladium) for pure
gold as a contact material in
electronics was a response to the
rapid escalation of the price of go
that began in the early seventies
and peaked in 1980. The develop
ment of palladium-nickel alloy
electroplating processes occurred
shortly thereafter. Palladium-nické
alloys are not only less costly thal
pure palladium, but the addition o
nickel increases hardness, lowers
the tendency towards hydrogen
embrittlement, and improves the
ductility and the brightness of the
deposits’®

O Nickel-PhosphorusThe renewed
interest in electrodeposited nicke
phosphorus coatings is partly due
to the fact that the deposition rate
can be controlled by adjusting
current density, whereas the rate
autocatalytic processes is low an
relatively constant. The electrode
posited coatings respond to heat
treatment in much the same way
do autocatalytic nickel-phosphord
alloys, and increase in hardness
with increasing phosphorus
content. Compositionally-modu-
lated nickel/nickel-phosphorus
alloy coatings have been men-
tioned in the literature and may
have interesting magnetic proper-
ties?® Electrodeposited nickel-

1=

is a well-known sulfur getter,

September 1999

d applied in the electrofabrication of
bellows°

. O Tin-Nickel Electrodeposited tin-
nickel alloys have been used as

ba  substitutes for decorative chro-
s mium in rack electroplating of
a- tubular furniture parts, but the

process is especially effective in
barrel electroplating where its
superior throwing power compared
to decorative, electroplated
chromium is an advantage.
O Zinc-Nickel Electrodeposited zinc-
nickel coatings with 8—20-percent
nickel have better corrosion
resistance than pure electrodepos-
ited zinc. The commercialization of
zinc-nickel alloy plating processes
is probably the largest new market
for nickel in electroplating created
within the past 20 years. This alloy
system was studied in Inco
laboratories in the '60s and later in
the '80s, and efforts to promote the
advantages of zinc-nickel in
Europe were made by Dr. Watson,
in his capacity as consultant for the
Nickel Development Institute. The
largest application, the continuous
plating of auto-body steel as a base
for paint, is rumored to be at risk
because the alloy provides too
much protection

12

ThelmageofElectroplating

2| Nickel electroplating has not only

n survived, but has grown significantly

f in the '90s, the growth being espe-
cially strong in Southeast Asia and
China. Annual worldwide consump-
tion of nickel metal for electroplating
was approximately 82,000 metric
tonnes in 1997, about 86,000 metric
tonnes in 1998. The average annual

- nickel metal consumption from 1970-
1989 was 60,000 metric tonnes. Those
numbers do not include the nickel
consumed in the form of nickel

ofulfate, nickel chloride, nickel

] sulfamate and nickel carbonate. (In

- 1883, the market was about 140
metric tonnes—a mere 300,000 Ib).

adVill electroplating, as we know it,

ssurvive? That question is more
concerned with electroplating as a
business than as a technology. The
technology will not disappear. From a
commercial perspective, product/
process differentiation and a renewed
commitment to technical service are
critical to maintain and increase
market share and profits. Those are

phosphorus alloys have been

old traditions that may be lost as
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producers and suppliers cut back on
research and technical service to
improve short-term profits.

Another question of survival involves
the image of electroplatings-a-vis
the environment. Despite the tremer
dous progress that has been made i
the past 25 years, there are a lot of
people who view electroplating as
antiquated, obsolete, and intrinsicall
dangerous to the environment. The
implication that electroplating
processes cannot be prevented fron
causing pollution is disturbing. The
idea that all metals are dangerous tg
the environment and should be
banned is outrageous. We need to
change the image of electroplating b
promoting its benefits and by descril;
ing the progress that has been madg
preventing and controlling pollution
... to a wider and wider audience.

Faraday'sChildren

The first lecture in this series (1958)
was titled “Education and the Electrg
plating Industry,” and was delivered
by Dr. William Blum. | still have a
copy of the 1949 edition of the book
Principles of Electroplating and
Electroforming which he wrote with
George B. Hogaboom (AESF presi-
dent, 1913-14). It was given to me th
first day | went to work for Inco. He
was instrumental in forming ASTM
Committee B 8 and planning some @
the first corrosion performance
studies conducted by that committee
Although | never met him, I've been
member of that committee for so
many years that | feel that I've
worked with him in spirit, if not in
fact.

Abner Brenner discussed the spe
of electroplating processes in the 4th
William Blum lecture (1961), but
most of us know him as the discove
of autocatalytic (electroless) nickel
plating. One of my first assignments
at the Inco Bayonne Research
Laboratory (ca. 1957) was to set up
cell to deposit nickel autocatalytically
on the inside of a bronze valve. We
cross-sectioned one valve to show t
uniform coating on the inside and on
the threads. Brenner’s books on allo
plating fostered research on many o
the alloy systems mentioned above,
and are a valuable source of informa
tion.3 Although we never met, | hear
him speak on several occasions.
Andrew Wesley (AESF president,

decorative nickel-chromium coatingg
in the 5th William Blum Lecture
(1962). He is responsible for hiring
me at Inco’s Research Laboratory
(1957). When | was assigned the
-project on nickel anode materials, o]
nof the things | did was to study his
Hothersall Memorial Lecture, “Of
Nickel Atoms, lons and Electron&”
y His concept was that because the fr¢
electrons in the 4s level are relativel
mobile, nickel atoms exist in three
configurations in the metal, NiNi*,
Ni**, the last being few in number. H
concluded that to activate nickel one
has to increase the percentage of
positively charged atoms present. At
ythe time, | did not completely under-
-stand what he was talking about.
> Iater, the idea seemed too simple.
Today | would say the presence of
small amounts of sulfur in nickel may
in fact, increase the number of
electron-deficient nickel atoms, and
lower the dissolution potential to
-values where the formation of the
oxide is thermodynamically impos-
sible.

Dr. Joseph Petrocelli was the hea
of the electroplating section at Inco.
He recommended that | be hired. He
made the critical decision to study th

eanodic behavior of nickel in electro-
plating solutions using a potentiostat
Although the potentiostatic principle
fwas conceived in the late 1930s,
reliable commercial instruments wer
.still hard to find in 1958 and ours
awere custom-made by a company in
Oak Ridge, TN. We later used the

cal behavior of copper, nickel and
chromium in CASS and Corrodkote
edest solutions, and to estimate the
rates of corrosion of nickel-manga-
nese, zinc-nickel and other alloys in
evarious solutions.

Henry Brown, who made many
important contributions to the
development of decorative nickel

aplating, won the award in 1967. To
guote from his lecture, “Sulfur-
containing bright nickel corroded so
neapidly that its use for outdoor

y very satisfactory, but when combine
f with an underlayer of sulfur-free,

semi-bright nickel, this bad point wa
1-turned into a good point. Logically, it
dwould first appear that crack- or porg
free chromium on top of bright nicke
would give the best corrosion protec

1960-61) discussed the pitting of
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chromium “to apply over bright nickel
turned out to be just the opposite, that
is, a highly porous one.” Years later
when Henry Brown heard that | had
nominated Dr. Joseph Edwards, Inco
eEurope, for the AESF Scientific
Achievement Award, he called me to
say he strongly endorsed the nomina-
tion because of the superb work Joe
cdedwards did in elucidating the
y mechanism of organic addition agent
action in bright nickel plating solu-
tions. Dr. Edwards won the award in
£1980.

Art DuRose, Harshaw Chemical,
developed coumarin-containing semi-
bright nickel plating solutions. That
development was of paramount
importance because it eventually led
to the development of multilayer
nickel coatings. He delivered the 11th
,William Blum Lecture in 1970. Art
DuRose visited the Inco Research and
Development Center, Sterling Forest,
NY, in the early seventies and | gave
him a pen knife as a souvenir.
(Because of the old Italian supersti-
tion, “Never give a knife to a friend,”

0| asked him to buy the knife for a
nickel.)

Burt Knapp presented the 19th

eWilliam Blum Lecture in 1978. He
and | worked together at Inco’s

. laboratories in Bayonne, NJ and later
in Sterling Forest, NY. His lecture
describes the results of interposing a

e second metal between two layers of

nickel on the pitting and corrosion of

decorative nickel coatings (“sandwich

coatings”). The two metals that

potentiostat to study the electrochemidelayed perforation of the coatings

were cobalt and chromium, but
chromium gave the best results. We
began the project that eventually led
to the introduction of the button-
shaped products that | have already
mentioned. The work was success-
fully completed by Burt Knapp, Frank
Carlin and Bill Borner after | accepted
a position in research at the Pennsyl-
vania State University, Applied
Research Laboratory.

Harold J. Read, who won the AESF
Scientific Achievement Award in

industrial or marine exposure was ngt1965, was my teacher and thesis

] adviser at Penn State. Harold Read’s
topic was “Metallurgical Aspects of

5 Electrodeposits,” and his lecture is a
beautiful example of how to express
2-complicated ideas in clear and simple
language. Dr. Rolf Weil, who won in

- 1981, and Dr. James S. Lindsay, Jr.,

tion results” but the best type of

who won in 1996, were also his
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students. The fact that he and his
students have won the AESF Scien-
tific Achievement Award says a greal
deal about his effectiveness as an
electroplating expert and teacher. (M
doctoral thesis did not deal with
nickel electroplating, however, but
with the electrochemical behavior of
aluminum in seawater.)

To conclude, if I've accomplished
anything it's because I've been
associated with great people who
generously guided me in the right
direction. So while it is tempting to
think that winning the AESF Scien-
tific Achievement Award is the result
of individual effort, what I've learned
in preparing this lecture is that all
accomplishments in science are the
result of working jointly with others.
If we pursue this thought to its logica
end, everyone who is working or has
ever worked in electroplating and
related disciplines has been collabo-
rating with Michael Faraday since
1830 when he first formulated the
laws of electrolysis. He is the father
of electrochemistry. We are his
children.
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