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Prognostications about the demise
of plating have been rampant since
the seventies. Beginning with a
replay of a scene that likely was
duplicated throughout many job
and captive shops in subsequent
years, this article illustrates why the
accounts of the death of plating
have been greatly exaggerated.
Bolstered by outstanding cleanup
efforts within the industry as a
result of governmental regulations,
new technologies in processes and
equipment, and its absolutely
unbeatable properties for many
applications, plating is now ex-
pected to live long and prosper.

1976 —When the newly hired
manager of plating operations of a
large electrical connector manufactu
ing firm met his company’s Director
of Engineering and the Manager of
the Material Research and Develop-
ment Laboratory for the first time, th
two cordially welcomed the new
employee aboard, then nonchalantly
advised him that, in less than two or
three years, materials and manufact
ing techniques currently under
development would all but obviate th
need for electroplating. Imagine his
shock.

Ten years later, however, the size
of the plating department had double
and was processing four times as
many plated parts. This leads to the
guestion, “How could two such

eminent and knowledgeable company

officials have been so wrong?” The
logical explanation is that they, as di
many of their peers, considered
plating processes too costly, too
unreliable, too unhealthy and too
polluting.

Confident that there had to be a
better way or ways, companies and
government funding agencies insti-
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discover new materials that did not
require an electroplated coating.
Alternative coating techniques which
were, in their opinion, less obnoxiou

than electroplating, were also invest|-

gated. Because very few of these
programs bore fruit, the researchers
ultimately concluded that when it
comes to providing a plated compo-
nent with three, two or even just ong
important capability or function, elec|
troplated deposits are irreplaceable.
While those attempts to eliminate
plating were under way, efforts were|
being made by the plating industry t
reduce plating costs, improve solu-
tions and procedures, and increase
product quality. At the same time,
problems relating to safety, employe|
health and environmental pollution
r-were being resolved, motivated to
some degree by the mandates of log
and national governments.
These efforts by the plating
e industry* were eminently successful
and the result was that electroplatin
(or electrochemical deposition—
ECD) came to be recognized as a
uecritically important industrial science
Furthermore, electroplating in most
ethe leading countries of the world is
no longer considered a dangerous,
unhealthy and polluting enterprise,
and the plating industry is acknowl-
xcedged as a respectable sector of
commerce. We believe there is a
promising future for the plating
industry during the 21st century.

AlLook Fowad

dIn an article, “Future Trends in
Electroplating for the Electronics
Industry,” J.R. Christieperfectly
stated the feelings of an author who

FamousLast\Words—1976

“Hello, Bob. The president and |
wanted to welcome you as our new
manager of plating operations. Oh, b
the way, we expect the plating
department to be phased out within t
next two to three years. Keep up the
good work. See you around.”

with considerable trepidation that this
- attempt is made to predict where the
industry is going.”

We, on the other hand, as the
authors of this thesis, are going to

D prognosticate without trepidation,
even though we recognize that
considerably more scientific under-
standing of electroplating processes is

erequired. This is especially so in
relation to the predictable need for
increased productivity and the

atxpanded functional requirements of
various ECDs. Nor are we unaware
that many plating operations in some
captive and jobshops have yet to

) graduate from craft to science and that
many plating installations throughout
the world are without waste treatment

. and fume abatement capabilities.

bfNevertheless, the incredible inven-
tions, improvements and develop-
ments we have witnessed during our
plating careers enable us to confi-
dently predict that the plating industry
faces an incredibly bright new
century.

There has never been a time in
history when the inventions, develop-
ments and capabilities of
electroplaters actually led the way in
the industrial scheme of things.
Nevertheless, it is electroplaters who
make that way possible. When

sdesigners and product engineers need

trying to predict the future: “It is thus

*Authors’ definition of the plating industry—T

a deposit of a certain thickness and

he plating industry encompasses plating companies

or jobshops; manufacturing companies with plating facilities; plating chemical and equipment
manufacturers; suppliers and distributors; and all persons directly or indirectly associated with

tuted numerous R&D programs to
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quality on a part or at some precise
area of that part, someone in the
plating industry develops the way to
do it, even if it means inventing new
equipment, procedures and solution

The destiny of the electroplating
industry during the 21st century will
be decided by the same factors that
promoted its dynamic growth in the
1900s, particularly during the last 50
years. The need for plated deposits
because of their corrosion resistancg
wear resistance, physical properties
solderability, lubricity, ability to
replicate substrates, etc., is certainly
going to be at least as pronounced
during the 21st century, and probabl
more so. In addition, many products
can only be manufactured by electrg
chemical deposition processes.
Furthermore, electrodeposited
coatings are what make many
products affordable. The impact on
ECD: We should never forget that on
liter of vacuum (with all accessories
is always more expensive than one
liter of electrolyte.

To provide evidence that the platin
industry will remain very much alive

follows a discussion of some specifi

should promote an even stronger
dependence on electroplating in the
5.coming years.

Aemaive Coang  Mehods
Considering our opening scenario, t
threat implied to the recently hired
plating manager by the two compan
officials in 1976 was that new
2, materials and alternative processes
would in a few years do away with h
department and his job. Physical
vapor deposition (PVD) processes,
vacuum evaporation, ion plating and
y sputter deposition were undoubtedly
some of the processes they had in
- mind because of the claims and
inferences being made in numerous
published papers and advertisemen
at that time. As recently as 1995, it
was suggested that certain hazardo
eelectrochemical deposition processe
(hexavalent chromium and cadmiun
come immediately to mind) could be
replaced by PVD.
g PVD processes have most certair
established an important niche in the

and well during the next century, the

remetal finishing world, because PVD

products and processes that could g

t is a good method for producing

r decorative—and even functional—
coatings on a wide variety of parts.
Because it is a purely physical
process, however, there are too many
shortcomings to the technique (such
as line of sight trajectories, little or no

ndilm property control, low deposition
rates, excessive substrate heating,
nonuniform distribution, and, relative
to plating, high process costs and low
production rates) For these reasons,

sPVD will continue to have an insig-
nificant impact on ECD.

Medacd
Another “potentially pollution
reducing” coating technique—
mechanical plating—was introduced
about 1950. It is a viable alternative to
SECD, and an especially good one
when hydrogen embrittlement is of
ugarticular concern. The drawbacks to
sthis process include the limits on size,
weight, process specifications and
shape of the pieces to be coated and
the inability to coat recesses, IDs,
lysharp corners and projections. As with
> PVD, mechanical plating has had
relatively little impact on ECD during
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Geat Sides
Oner the years, the plating industry h
et many challenges—particularly
electronics applications. Electroplated
coatings on electronic components
perform critically important tasks.

Because very large numbers of many o
these components are plated with preci

metals (gold, palladium, rhodium and
platinum), it is important that the amou
of precious metal be minimized, per pa
and per plated lot. To accomplish this,

the past few decades, and that will
certainly not change after the year
2000.

Electrodepositing brass and copper-
bronze has been done for nearly 15(
years, but it was not until the mid-

1900s that the alloys began to be

valued for what they could do—not
because of their appearance. Brass-
plated wire, for example, is used to
produce metal-organic adhesion in

tires and in metal-resin laminates. Nom-compressive stresses.

allergenic, copper-tin rictspeculum”
alloys provide corrosion and wear
resistance on a wide range of items.
In the latter half of the 20th
century, a number of electrodeposite
alloys (some new, some old) began
be used extensively because of thei
improved chemical and physical
capabilities. Examples are gold-iron,
gold-nickel and gold-cobalt for bette
wear and corrosion resistance on
electrical contacts; zinc-nickel alloys
on steel for better corrosion than
provided by electrogalvanizing,
cadmium or zinc; tin-bismuth for its
electromagnetic compatibility on
computer frames; palladium-nickel
(with gold flash), which performs like
gold at much less cost; and nickel-
tungsten as chromium replacement.
Many specifications require certai
properties of deposits that are often
obtained only by the incorporation of
metallic or, on occasion, nonmetallic
elements. By electroplating, true soli
solutions between metals, and meta
and nonmetals, can be produced as
well as stable or metastable, crystal-
line or X-ray amorphous intermetalli
compounds. Examples of a solid
solution and a compound are the Cr
and the Pd-H systems. In both case
with properly arranged deposition
conditions, X-ray amorphous and
truly crystalline h.c.p. CrH and beta

n the Bedoxs InoLsy—L ess

hshighly specialized selective plating

N equipment and plating techniques were
developed, along with “tailored” plating
solutions (conventional plating solutiong
with the metal content and/or other

f variables altered to improve throw,

oueposition rate and uniformity). Platers
also began utilizing statistical process

t controls to ensure optimum quality and

t productivity while consuming the least
amount of precious metal possible.

chromium deposit contains h.c.p.
CrH, which is partly responsible for
its hardness. On the other hand, it is
not only hardness that determines th
practical properties, but also internal
listress and tensile strength. Compreg
) sive deposits reduce the tendency o
stress cracking, not only for chro-
mium but also for low-karat gold
alloys. The tendency for the stress
corrosion of brass and highly alloyed
gold-plated jewelry can be greatly
reduced by layers of gold with

With regard to the properties of
alloys, water, which is often the mair
constituent of electroplating, is
considered a disadvantage. Few

dpeople comprehend that water is a

overy active constituent in nearly eve
deposit. Incorporated hydrogen, for
example, is essential for the hardned
and wearing capability of hard
chromium, nickel and gold deposits.
Very little is known about the effects
of hydrogen and other nonmetallic
impurities on deposits, even though
the electroplating process seems to
a type of “poor man’s ion implanta-
tion.” This is an area ripe for investi-
gation during the coming years.

The magnetic storage properties ¢
electrodeposited alloys give them a
characteristic of special interest.

nAbout 10 years ago, coauthor Raub
began working with Professor Pietro
Cavallotti at Politecnico de Milano.
They focused on the magnetic stora
dproperties of electrodeposits and
sfound a most promising system—
platinum-cobalt. At the same time,
Cavallotti electrolytically synthesized
> a permanent magnetic layer, a Co-ri
platinum-cobalt alloy, which still has
Hhe highest known BH of any deposi
5, The values of the electrodeposited
alloy are higher than those produced
metallurgically. With the exception of
nickel-iron deposits, the magnetic

5 Moe
These conservation efforts produced
remarkable results. In 19650,000troy
oz of gold were used to plate electronic
parts. By 1969, the number had soared to
almost eight times as much,961,000
troy 0. By 1979, onlyl,276,00Qroy oz
were usedd reduction of 685,000 pz
although the total number of parts gold
plated had doubled. The savings in 1979,
when the average price for gold was
$300/ troy oz, was $205 millioh.

much neglected field. This should be
researched in the coming years,
because it is rather easy to vary the
emagnetic properties by changing
deposition parameters.
Patent number 5,389,226, “Elec-

f trodeposition of Nickel-Tungsten
Amorphous and Microcrystalline
Coatings,” D. Scruggs et al, was
issued February 14, 1995. This alloy,
deposited from a specially formulated
alkaline solution, is about 65 percent
nickel and 35 percent tungsten, plus a
small amount of boron. What makes
the deposit unique is that it is about
85 percent amorphous and 15 percent
nanocrystalline. As a result of its
chemistry and amorphous or “glass-
like” nature, the coating has remark-

yable wear and corrosion-resistant
properties. Numerous studies con-

sjucted at various companies in the
United States, Japan and Germany
have shown that its chemical and
physical attributes exceed those of
chromium in almost every respéct.
Because of the demonstrated superior-
béy of this (primarily) amorphous
electrodeposit, it is hypothesized that
further efforts to produce (primarily)
amorphous deposits of other metals
fand alloys will be made in the future.
For the past 20 or 25 years, few
plating journals have been published
without at least one article describing
the properties of some newly devel-
oped electrodeposited binary, tertiary
g@and even quaternary alloy. Almost
without exception, the alloys are
reported to have performance charac-
teristics better than single-metal
deposits, and a number of the alloys
clare plated from solutions that are
nontoxic, noncorrosive and, in a

.relative sense, nonpolluting. The thing
that will help move these solutions
and additional alloy plating processes
yet to be discovered from laboratories
into plating tanks during the next

Pd-H can be produced. Every hard

26

properties of electrodeposits are a

guarter-century will be the introduc-
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tion of relatively inexpensive, fool-
proof and fully automated on-line
analytical and control equipment. Th
chemistry of most alloy plating
solutions must be maintained within
very close limits if the alloy deposite
is to be of the desired composition
and have the required properties.
With or without this equipment,
however, platers can anticipate filling
more and more of their tanks with
alloy plating solutions during the 215
century.

Another area where further studies
should result in economic and
technical advances is multiple or
sandwiched layers of electrodeposit
Contemporary examples are 24K go
over 23K to improve solderability an
reduce contact resistance; a gold flal
over palladium to provide good
electrical properties at greatly reduc
costs; microcracked chromium in
combination with a normal chromiunm
deposit to improve corrosion resis-
tance; and bright nickel combination
to improve properties such as cataly|
action, wear or corrosion resistance,
Another species of unique multi-
layer electroplated materials that
show considerable promise for

solid solution of cobalt in gold, then

heat-treating it, the cobalt separates
efrom the gold. Depending on the heg

treatment and the cobalt concentra-

tion, a three-dimensional distribution
0 of cobalt particles in gold, varying
from very small to large, can be
prepared, showing a wide range of
magnetic properties.

The disintegration of electrolyti-
cally prepared supersaturated coppe
t lead solid solutions by heat treatmen

is currently being studied in the
Technische Hochschule Freiberg,
Saxonia, by modern X-ray methods.
This is something not previously
investigated, despite the fact that su
layers are widely used for sliding
5.bearings. Only in recent years have
Idscientists began to investigate the
dinfluence of the base material’'s
skerystallography and roughness on th
beginning, or nucleation, of the met3
dbeing deposited.

Because the trend toward thinner
coatings will no doubt continue into
the coming decades, the continuatio

s of the studies of incorporated sub-
tistances is important. It will also be
especially necessary to examine the|
growth of ECD and PVD layers. P.
Klimanek and his collaborators at

)

Freiberg used X-ray methods to study
thin copper layers deposited on

itvarious base materials at different
deposition conditions, discovering the
great similarities between ECD and
PVD layers. Such work will be not
only important for the future mono-
layers, but even more so for layers up
to a few microns thick.

Furthermore, considerably more
rinformation must be acquired about
tthe influence of the base material's

surface structure and morphology—
whether it is metal, plastics or
ceramics—on the behavior of the
coated item. The concept that the
ctowest or cheapest class of material
can be used as the base material
because its defects will be covered
will unquestionably be invalidated
once this information is made public.
eGeneralizing, we believe the existing
| knowledge about incorporated sub-
stances is limited, however, ongoing
basic investigations ¢dyered electro-
plated deposits will result in many
nnew and extended applications.

The trend has been to avoid solutions
that threaten employee health and
safety and poison the environment.

Alok Badk—Mesones 0 Paing
As Noed by Domddson & Raub

» 1906—Phosphate conversion coatings were revealed in J.W. Coslett’s British patent.

» 1909—The AES got its start as the National Electro-Platers Association (NEPA).

» 1920—Horizontal barrels of hardwood, hard rubber or bakelite began to be used.

» 1923—First AES Research Committee was appointed.

» 1920s—Dr. William Blum wrote papers describing the different structures and proper-
ties of electrodeposited metals that could be achieved by electrodepositing a given
metal in a variety of ways.

» 1930s—The mechanical properties of plated coatings became important when they be-
gan to be used industrially (for example, on sliding bearings for combustion engines).

I- *1924—C.G. Fink and C.H. Eldridge were awarded a patent for the first successful chro-

mium plating solution.

1930—P.A. Jacquet formulated the first theory of the electro-polishing phenomenon.

1930s—The first oblique barrel automatic line went into production during the same

year practical processes for bright nickel plating emerged.

» 1940s—High-speed electroplating was introduced on a commercial scale in the steel

industry.

1946—0Dr. Abner Brenner and Grace Riddell discovered electroless plating.

1950—The first chromate treatment for aluminum was instituted.

1958—Chrome trim was in its heyday on automobiles.

1950s-1970s—The plating industry began to increase almost exponentially as it tried

to keep up with an expanding worldwide population’s purchases of appliances, tools,

radios, televisions, telephones, recreational equipment and automobiles. This corre-
sponded with the beginning of the “Age of Electronics,” when a number of electronic
inventions were introduced. Follow-on innovations include the transistor, integrated
circuit, printed circuit, microchip, light emitting diode, the industrial computer and the
personal computer. With each invention and the products that would exploit its capa-
bilities, the number of new and sometimes seemingly impossible parts to electroplate
grew at an awesome rate.

« 1970—Birth of the U.S. Environmental Protection Agency; introduction of focused

ptic regulation of the plating industry.

numerous applications, and which
will no doubt become more com-
monly used in the coming years are
those with dispersion layers. Various
kinds of materials (including plastics
capsules filled with organic liquids,
refractory compounds, metallic and
ceramic superconductors and mag-
netic particles) are embedded in an
electrochemically deposited matrix.
The type, size and distribution of
these materials determine the prope
ties of the multilayer sandwich.
Modern aluminum-based combustio
engines mostly run on dispersions o
silicon-carbide in nickel and/or on
pistons partically plated with hard
iron deposits.

The dispersion of a third metal or
material in ECD layers provides the
coating with three-dimensional
characteristics. Through the appropr|
ate distribution of lead particles in
copper, it has been shown that the
superconducting transition tempera-
ture of the composite can vary
between less than 1 K and that of
lead, about 7 K. By electrolytically
depositing a supersaturated, and, in
the as-deposited state, a paramagne

X
f
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About 1985, it was taken somewhat
for granted by many in the United
States and elsewhere that chromium
and cadmium would be forced out o
existence before the year 2000. Thig
might actually have happened, at le
in the U.S., had it not been for
meetings between the U.S. Environ-
mental Protection Agency (EPA) ang
the American Electroplaters and
Surface Finishers Society (AESF), t
National Association of Metal
Finishers (NAMF) and the Metal
Finishing Suppliers Association
(MEFSA), and also if the plating
industry had not done its part by
developing and installing effective a
and water treatment systems that
ensured compliance with the agreed
upon limits. It is now quite apparent
that chromium and cadmium will be
around for another 25 years, maybe
50. Unless, of course, new alloys or
multilayered plating combinations ar
not developed which, for about the
same cost, match or better the spec
and unique combination of attributeg
of those two electrodeposited metal
Nickel-bearing chemicals are alsg
deemed carcinogenic. Currently, the

r

5.

absolutely protect employees and th

environment from the unhealthy
effects of the process.

ASHOM

All of the world’s aluminum and
magnesium is electrolytically pro-
duced from non-aqueous salt melts.
Electroplated aluminum-layers from

neorganic electrolytes are not widely

used in industry, however. The

processes are expensive and do pos

environmental problems, therefore

they cannot compete with aluminizin
or mechanical cladding. Non-aqueou

processes in general will be used fo
restricted number of applications.

Bedodend Conasn

A very interesting field, which up
until now has only been scratched o
its surface by scientific methods, is

ethat of chemically and electrochemi-

cally prepared conversion layers.

alypically, the layers are of oxidic

nature, the most well-known ones
being those on aluminum and zinc.
Not only can electrolytically produce
aluminum oxide be colored by

"

eorganic and inorganic pigments, its
unigue structure seems to offer nearly
unlimited possibilities that are not
being exploited. The small honey-
comb channeled structure can be
filled with organic matter, offering
improved capacitors, or they can
assist adhesion by gluing aluminum.
They can also be filled with metals,
offering electroluminescence or
unparalleled magnetic storage
properties, as studied in Japan and

seGermany. Tiny cobalt crystals
directionally built into those channels

gof aluminum oxide layers seem to
soffer the highest storage capacity of
any magnetic storage device.

The absorption, adsorption and
chemical or biochemical filtering
properties of the layers have only
been touched upon. Most of the

n properties exploited were found
empirically, as are the techniques of
production in industry. This state of
the art is the result of practical observa-
tions; later scientific invegiations for
the most part only explained the facts
but did not predict them. This must be
dchanged in the future; science should
lead the way, showing industry

pressure is slowly mounting to restri
their use, but the plain fact is that
electroplated and electroless nickel
coatings are probably the most
important of all ECD coatings for
technical and economic reasons. It
seems very unlikely that nickel
plating will be curtailed except at
those companies where effective
handling techniques and pollution
abatement systems are not being ug
Chromium remainshewear-
resistant layer and most likely it will
continue as such for the next $€ars,
especially for larger pieces such as
hydraulic cylinders, where it will
certainly not be replaced by PVD-
TiC, because PVD chromium is
relatively soft. Because of the
expanding use of noncarcinogenic
trivalent chromium for decorative
applications and the effective mea-
sures taken by plating companies to|
reduce the health, safety and enviro
mental hazards of chromium plating
processes, chromium has been
reprieved from the death penalty on
avowed by health officials and
environmentalists. It is surmised tha|
during the next century the depositid
of chromium will occur in equipment|
that is different from most of that no
being used—equipment designed to

-
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promising directions. There would b

a tremendous market if a true sapphjreompounds in hard gold deposits,
or ruby layer could be deposited on | particularly for use on electronic
aluminum. The same is true regardingcomponents. The wearability of thes

passivating or electrodeposited

corrosion protection conversion layersron, gold-cobalt and gold-nickel

on zinc and other metals. Magnesiu
lithium and, to acertain extent,
titanium, cannot be usedthout
protective layers. They are considers
the metals of the future.

Dpaan
Dispersion layers and their impor-
tance were mentioned earlier. Nearly
every substance—metallic, nonmeta
lic and organic—can be incorporated
into a matrix. A post-plating heat
treatment may cause dispersoids to
decompose and react in a matrix, ar
in this way oxidation-resistant, rare-
earth-containing layers are produceq
for turbines. Included gases and
nonmetallics (hydrogen) are in princip
special kinds of dispersion alloys.

A well-researched example of
dispersion hardening by way of
electrochemical deposition is the

inclusion of cobalt, nickel and iron

deposits is superior to those of gold-

alloys prepared metallurgically.

The incorporation of nonmetals is
very dependent on the deposition
z¢harameters, especially electrolyte
speed and/or current conditions, sug
as the use of pulse or laser plating.

Beddsss
A great moment in plating history
occurred in 1946, the day Dr. Abner
I-Brenner of the National Bureau of
Standards calculated that the nickel
solution he was experimenting with
had a plating efficiency of 130
dpercent! The reason, he decided, wa
attributed to something he called
autocatalytic platingAfterward, Dr.
William Blum, himself a pioneer
eplating scientist, called Brenner’s
discoveryelectroless plating
The ability to deposit metals,
particularly copper and nickel,
without having to use an electric
current or anodes proved to be such

boon that in only 50 years electroles|
plating grew to be one of the most
important areas of plating. Now,
whole industries depend on electro-
less plating to manufacture various
products, most notably printed
circuits, memory disks and plated
plastics. In addition, such large
industries as aerospace, automobile
electronic components, food process
ing, heavy equipment manufacturing
and gas and oil all depend on electr
less deposits to provide many of the
products with certain attributes, or a
combination of attributes, not ob-
tained in electroplated coatings.

Suppliers and users of electroless
processes have considerably improy
the performance, turnover rate and
dependability of their solutions, as
well as the quality of the deposits.
The cost to deposit a mil-square foo
has been steadily reduced by extend
ing the life of the solutions through
various techniques. There remains g
significant gap, however, between th
cost of electroless plating and
electrodeposition.

What seems peculiar to us is that
the same electroless electrolytes arg
employed regardless of the kind of
parts being plated or their end use.

tronic components, tubular products

for the gas and oil industry, turbine

blades for aircraft engines, crank-

e shafts or lithographic cylinders, the
chemistry of the electroless nickel
solution is essentially the same. Only
the percent of phosphorus or boron in
the deposit is altered to change its
performance capabilities. It would
seem that more basic research of the

helectroless deposition phenomenon
might be rewarded with solutions that
plate crankshafts, blades and rolls faster
with a harder deposit, tubular products
with a more corrosive resistance
plating, and electronic components
with coatings having more corrosion
resistance that could be soldered,
bonded and/or formed. Doubtless
such basic research activity will be

sundertaken during the next decade.

While there does not seem to be

much basic research of electroless
deposits occurring at this time (such
as for electronics on the size limita-
tions on ceramic substrates), the same
is not so with regard to electroless
plated alloys and composites. In the
previous discussion about alloys, it
avas noted that one or more papers

sabout electrochemically deposited
alloys are appearing in most issues of
most finishing industry magazines
published around the world each
month. The observation was meant to
include alloys produced from electro-
less solutions also, inasmuch as the
term “electroless plating” describes
the methods of depositing metals and

-alloys byelectrochemicateactions.

, During the last quarter-century, a

p-great deal of time and money was

rspent developing alloys and compos-
ites that can only be produced by
electroless plating solutions. The
objective was to produce alloys and
composites with exceptional corrosion

ecksistance, lubricity and wearing
properties. Industries such as aero-
space, heavy equipment, oil and gas,
mining, and tool and die, are constantly
searching for improved product

-performance. Because that interest is
not going to abate during the foresee-
able future, one can predict that many

enew electroless coatings with outstand-
ing properties will be discovered.

Al Seems Gofor YK &Beyod

It should be emphasized that most of
the information in this report and the

premises offered about the future of
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has occurred in the first-world
countries, particularly England,
Germany and the rest of Europe, the
United States, Australia, Canada and
Japan. Little was mentioned about
plating equipment in the body of thig
paper, but equipment stands as
testimony to the ingenuity of platers
In the 20th century, when equip-
ment was needed to increase produ
tivity or meet particular plating
specifications on a new product and
said equipment did not exist, the
plating industry invariably responded
by inventing it. Cases in point are:
oblique and horizontal barrels to
handle the steadily increasing
demands for plated hardware items
the early 1900s; automatic plating
lines introduced during the 1930s to
produce increasing volumes of
automobile bumpers, grills and
accessories; high-speed plating
processes for plating steel strip in
1940 to generate enough steel per d
to keep up with tin can production (i
Germany today, tin plating of steel
runs at about 700 meters/min and zi
coating is not far behind!); reel-to-re

in
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spot plating lines in the 1960s to sa
many millions of dollars in gold
plating great numbers of lead frames;
and vibratory platers around 1970 to
process fragile, easily damaged
electronic parts.

We believe that the inventive
genius of platers will not vanish with
the turn of the century, so the produ
designers of the 21st century will be
able to depend on the plating indust
to continue to find ways to do the
impossible. Knowing that electro-
chemical deposits will be very much
in demand during the foreseeable
future, believing that the proliferatior]
of new products will continue well
into the next century, and being
certain that the total number of partg
requiring plating will increase
steadily, the authors predict with a
high degree of confidence that platin
will remain the most absorbing,
challenging and rewarding of all
industries for the rest of the 21st
century. It will live long and prosper,
coping as always with the materials
the futureresr
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