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1

This invention relates to electroplating and
more particularly to a novel process of electro-
plating,

In electrodepositing metals on a base member
from an electrolyte by using direct current alone
in the conventional manner, there are definite
limitations both as to the speed of plating and
the obtainable quality of the. electrodeposited
metal. In particular, as thicker coatings of elec-
trodeposited metal are produced unusually great
care is required, since they tend to become pro-
gressively rougher and the quality rapidly de-
teriorates. Furthermore, in the electroplating
upon base members having complex shapes, and
especially such, for example, that have sharp
projections, cavities, or recesses, or other non-
uniformities, it is difficult to produce electro-
deposited coatings of acceptable quality without
resorting to time-consuming and costly expedi-
ents specific to each individual type of member
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to promote uniform plating. For these reasons,

the electroplating of metals is a highly developed
art requiring great skill to secure reasonably
good coatings of metal on base members. Fur-
thermore, electroplated metal almost invariably
must be subjected to extensive after treatment
to render it more acceptable. Buffing, polishing,
grinding and other work is necessary to produce
& satisfactory polish, brightness or smoothness
for many purposes. This requires a great deal
of hand labor and increases the cost of the plated
articles considerably.

The present invention is directed to the appli-

cation of a predetermined current cycle to the

base member being plated whereby the electro-

deposited metal is rendered sufficiently bright, -

smooth and.uniform as plated so that not only
is buffing, polishing or grinding eliminated, but
more homogeneous metal is produced than possi-
ble with ordinary direct-current processes,

The object of this invention is to provide for
depositing on a base member a sound and homo-
geneous electroplate. '

A further object of this invention is to provide
for electrodepositing on g, base member metal

by successive brief periods of direct current and
intermittent periods of alternating current
whereby superior plated metal is produced.

‘Other objects of the invention will, in part, be
obvious and will, in part, appear hereinafter.
For a fuller understanding of the nature and ob-
jects of the invention, reference should be had
to the following detailed description and draw-
ing, in which: '
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Figure 1 is a vertical cross-sectional view
through a plating tank, and )

Figure 2 is a graph of the current cycle of the
present invention.

According to-the--present invention, metal is
electrodeposited from an electrolyte upon a base
member by applying consecutively and sepa-
rately, first, a conventional direct current ren-
dering the member cathodic to deposit an in-
crement of metal from the electrolyte, followed
by an alternating current alone at a much
heavier current.density for a brief interval to
smooth out and otherwise improve the pre-

-viously deposited thickness of increment of

metal. Repetition of this cycle will build up the
required electrodeposit. The base member may
be of metal of any usual kind; thus it may be a
casting, a forging, sheet metal, drawn wire or
the like; or it may be a conducting non-metallic
material such as graphite, coke, molybdenum
disulfide, certain conducting refractories and
the like. i

Referring to Fig. 1 of the drawing, there is
llustrated a suitable apparatus for carrying out
the process of this invention. The electroplat-
ing tank {0 provided with a suitable chemically
resistant resistance liner (2 carries an electro-
lyte 14 from which the metal is to be electro-
plated. A current conductor {6 carries- a sup-
port 18 for a base member 20 which is immersed
in electrolyte 14 for electrodeposition of metal
thereon. A second conductor 22 supports a
typical anode 24 which may he either of the
same metal as being deposited on the base mem-
ber 20 or may be of an inert material such as
graphite, platinum or the like.. A suitable source
26 of direct current such as a battery, a recti-
fier or a direct-current generator supplies cur-
rent through a conductor 28 to the conductor {6
to render the base member 20 cathodic when the
metai is to be plated thereon. The conductor 30
furnishes current to the anode 24. A switch 32
is provided for making and breaking the circuit
between conductors 28 and 18, and to connect
and disconnect 'an alternating-current genera-
tor 34, or other source of alternating current
meeting the requirements of this invention, with
the conductor 16. A conductor 36 from the gen-.
erator 34 is disposed so that the switch 32 will
bring it into circuit with the conductor 16 upon
movement of the switch 32 to break the circuit
from the direct-current source 26.

It will be apparent that the switeh 32 is ca-
pable of being manipulated  to connect alter-
nately and separately the conductor 16 and base
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mémber 20 with the direct-current source 26 and
‘the alternating-current generator 34. The
switch 32 may be manually operated, but for
practical purposes it is preferably operated by
suitable timing mechanism, such, for example,
as a cam driven by a synchronous motor geared
down to a predetermined rate of movement to
move the switch 32 between the conductors 28
and 36 at predetermined intervals. In other
cases relays operated by timing mechanisms of
various types may be employed. In some cases,
a timed drum contact member having conduct-
Ing and nonconducting areas may be employed to
alternately connect the direct-current source
and the alternating-current source to the base
member in accordance with the requirements of
the invention.
Exemplary of the current cycle applied to the
base member 20 is a curve plotting current den-
sity against time as shown in Fig. 2 of the draw-
ing. At the point O undirectional direct current
is applied to the base member to render it catho-
dic and the current density will reach a value A.
The cathodic current is applied to the base mem-
ber 20 for the interval from A to B which is
. preferably from about 2 to 40 seconds. In actual
practice, it has been found that highly satis-
factory results are obtained if the time between
A and B is approximately 4 to 8 seconds. At
time B, the circuit from the direct-current source
is broken and the current density drops to ap-
proximately zero at C. It will be appreciated
that while the current from A to B is shown
" as uniform direct current, this is not necessarily
required. The current from A to B may be rippled
or pulsating direct current, or may vary so that
the value at A is much greater than the value
at B. It should be mentioned, however, that
for plating any given metal from any selected

" electrolyte, the average current density at A to
B will be much higher than that which can be
successfully used with constant direct current.
Thus, for example, a current density of 100
amperes per square foot for A to B has been
successfully employed in a cyanide copper bath
when using the cycle of the present invention
which is much higher than could be employed
under the same conditions using regular direct
current continuously. Such higher current den-
sities have been applied in plating in aceordance
with this invention with good results.

At the point C, an alternating current fluctuat-
ing in polarity and current density from D to E
is applied for a period of time of approximately
one-tenth the period of time that the base mem-
ber was cathodic in the previous direct-current
portion of the cycle. Thus the alternating cur-
rent is applied from about 0.2 to 4 seconds. Fur-
thermore, it is desirable that the alternating
current be such that at least one complete cycle
is applied to the base member so that the base
member is anodic and cathodic at least once.

The frequency of the alternating current may
be varied within a wide range. The voltage and
current density of the alternating current will
vary somewhat with the frequency. With 60-
cycle current, it has been found that for normal
copper plating as well as other metal plating

- that is carried out at voltages of less than 10
"volts using direct current only, the alternating
current should have a value of at least 20 volts
and preferably from 30 to 40 volts. Alternating
current, of 60 cycles, at 110 volts has been em-
ployed, but the current density is quite high
and no corresponding benefits are secured. An

10

15

alternating current of aﬁ)out 30 volts is recoma
mended since excellent results may be obtained
and the current density is maintained at a peak
of about 300 amperes per square foot. The
alternating-current frequency may be as low as
one cycle per second, or even lower, with good
results. In silver plating, alternating-current
frequencies of less than one cycle per second
have been found advantageous in that they will
give good results with current densities as low
as 150 to 200 amperes per square foot.

The alternating current need not be of the
usual sine wave shape, but may be of various
other wave shapes. The alternating current, for
example, may be produced by reversing a high
potential source of direct current by a suitable
timing mechanism at predetermined intervals to

. produce a series of roughly square waves. It is
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critical, however, that the voltage and current
density of the alternating current be much higher
than that of the direct-current portion of the
cycle at A to B. In many cases, the alternating
current preferably should terminate at F with
the base member being anodic to secure the
maximum smoothness and luster in the electro-
plated deposit.

The alternating current C, D, E, F may be
superimposed on an anodic direct current with
certain advantages. The anodic direct current
may be of a current density of either more or
less than the cathodic current density at A to
B, but should not be so great that some substan-
tial part of the peaks in the portion E is not
cathodiec. The superimposition of an anodic
direct current and alternating current is bene-
ficial in that deplating of the high spots and
corners occurs to a greater extent than in the
absence of the anodic current. If the anodic
current is substantial, the time for the interval
C to F may be reduced thereby reducing the
overall plating time,

The exact nature of the reaction that takes
place during the alternating-current portion of
the cycle is not known. It is believed that the
alternating current, due to its high potentials,
reacts strongly during the anodic portions of the
cycle at the elevated points to deplate from the
high spots and rough projections a portion of
the increment of electroplated metal produced
during the previous interval between A to B.
However, any low or unplated spots are not de-
plated in the same proportion as the burrs, cor-
ners, projections or elevations or other high spots.
When the alternating current cycle is cathodie,
the metal is replated, but appears to be redis-
tributed more uniformly over the low and high
spots. It will be understood, of course, that the
main contours of the base member are not af-
fected by the alternating current to the same
extent as the microscopic projections consisting
of burrs, cracks, scratches, pores and the like.
It is definitely shown by examination -of the
electroplated member that there is a great in-
crease in the smoothness and brightness of the
metal coating deposited during the portion A
to B after being subjected to the alternating-
current portion of the current cycle. By repeat-
ing the cycle A to F there are obtained successive
microscopically thin increments of highly satis-
factory electrodeposited metal superimposed on
one another. By suitable control of the time
and current, an electrodeposit of any selected
thickness may be built up. There will be little
or no tendency to produce nodules, dendrites,
pores, coarse crystals or other objectionable plat«
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ing defects. The final product is a bright plate

“which is of somewhat greater density, is harder
and more corrosion resistant than conventional
direct-current plating. In fact the plated metal
surfaces have been much smoother than the
original base metal. o

Example 1

A typical example of the application of the in-
vention is the plating of members in a Rochelle
copper solution, for which the following Rochells
copper electrolyte was employed:

Ounces per gallon

Copper cyanide ... _._________________ 4
Sodium cyanide ___..______________________ 5
Sodium carbonate ___.____.________________ 2
Rochelle salts __.__._______ _______ . 5

The electrolyte was maintained at a temperature
of 160° F. The current cycle employed in this
bath was 4 seconds at a direct-current density
of 50 amperes per square foot and 0.3 second at
30 volts, 60-cycle alternating current at a cur-
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rent density of about 300 amperes per square

foot. A very bright, lustrous and smooth coating
was deposited on a steel base member. The cop-
per deposit was so bright and smooth that it did
not require any buffng or polishing. It was
ready for use without any treatment otter than
" drying. _ '
Ezxample 2

An electrolyte of the following composition for

plating brass was employed: )
Crams per liter
Copper cyanide ____________ SRS | |
Zinc cyanide - ___._________________
56
The electrolyte was at a temperature of 100° F.
when applied. The same current cycle was em-
ployed as in Example 1. A bright brass deposit
was produced on steel plates.
electrodeposit has been regarded as ‘highly desir-
able in the electroplating art, but: hitherto_ has
not been commercially possible by -any known
plating process. The bright plate produced- by
the practice of the present invention was very
smooth and homogeneocus. . The ‘base member
with the brass plate was suitable for use at once.

Example 3

For éilver plating, the-following electrolyte was
prepared: : . »
Grams per liter

Silver eyanide _____________________ . 40
Potassium cyanide ____.___________________ 62
Free potassium cyanide ________________ 40
Potassium carbonate _________.___________ 50
Potassium hydroxide _.____________________ 10

The bath was maintained at room temperature.
Silver was plated for a pericd of time applying 4
cycle comprising a plating direct current for a
time of 8 seconds at a current density of 15 am-
beres per square foot then with alternating cur-
rent applied for 0.8 of a second at a current
density of 300 amperes per square foot using 60-
cycle alternating current at 30 volts, and repeat-
ing this cycle. Excellent silver plate was secured.
The silver plate was sufficiently bright so that no
hand buffing or polishing was required.

Example 4

In another case silver plating was carried out
with the above electrolyte using a cycle first

applying a plating direct current at a current

density of 75 amperes per square foot for 5 seca

‘onds, and then a 60-cycle alternating current at

300 amperes per square foot applied for 0.5 sec-
ond. The temperature of the electrolyte was 175°

‘C. The electrolyte was stirred vigorously.  Ex-

cellent silver plate was secured.

It will be appreciated that alloys ds well as
single metals may be electrodeposited by the
present alternating-current process. Likewise
several successive deposits of metal in any desir-
able proportions may be plated on a single mem-
ber. .
A further advantage of the process is the easier
plating of complex members to provide a rela-
tively uniformly thick electrodeposit on all sur-
faces without the use of special anodes, thieves
or other expedients. I have been able to plate
both ‘the inner and outer surfaces of a square
casing approximately 6 inches on g side and 4
inches deep, both ends being open, using no in-
ternal anodes. :

Electrodeposition of metals by alternatingly
and intermittently applying alternating current
in" combination with direct current enables the
rlating process to be greatly expedited. Plating
times can be reduced to 25% to 50% of the time
required with direct current alone,

The electrclyte may be agitated or distributed
in accordance with well known practices in plat-

“ing. It has been found desirable to maintain

a clean electrolyte; for example, by filtering or
the like, since the electro-deposits have stch a
highly polished surface that any solid impurities
from the électrolyte deposited on the plated work

55 are much more apparent than in ordinary elec-

troplating. = The temperature of the electrolyte
may be varied to suit the plating requirements,
The current cycle works as well at temperatures

~ of boiling water as at temperatures below room
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temperature. _ _
The metal electrodeposited in accerdance with

. the process ‘herein disclosed has the properties

and characteristics of the metal electrodeposited
by the alternating Or reverse current process set
forth in my copending patent application Serial
No. 610.107, filed Aug. 10, 1945, now Patent No.

2,451,341, granted October 12, 1948.

It is intended that all matter contained in the
above description or in the accompanying draw-
ing shall be taken as illustrative and not in a
limiting sense. L

I claim as my invention: . ) .

1, In the process of electrodepositing a metal
from the group consisting of copper, silver and
brass upon a base member from an electrolyte
suitable for the electrodeposition of the meftal,
the steps comprising applying the electrolyte to
the base member, passing a unidirecticnal elec-
trical current at g voltage of not over 10 -volts
through the base member and the electrolyte to
render the base member cathodic for a prede-
termined period of time of from about 2 to 40
Seconds to electrodeposit meta] upon the pase
member, terminating the cathodic current, pass-
ing an alternating current through the base
member and electrolyte, for a shorter period of
time of approximately 0.1 of the period of cathodice
current, at least one complete cycle of alternat- -
ing current being applied to the member in this
period, the alternating current having a higher
peak voltage than the cathodic voltage, and re-’
peating applying the cathodic current and alter-

- hating current cycle until a desired thickness of

metal has been electrodeposited on the base
member, ) :
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2. In the process of electrodepositing a metal
from the group consisting of copper, silver and
brass upon a base member from an electrolyte
suitable for the electrodeposition of the metal,
the steps comprising applying the electrolyte to
the base member, passing an electrical current
through the base member and electrolyte at a

potential of below 10 volts to render the base .

member cathodic for from about 2 to 40 seconds
to electrodeposit metal on the base member, ter-
minating the cathodic current, passing an alter-
nating current through the base member and
electrolyte at a potential of at least 20 volts for
from about 0.2 to 4 seconds, and repeating the
cathodic current and alternating current cycle
until a desired thickness of metal has been
electrodeposited on the base member,

3. In the process of electrodepositing a metal
from the group consisting of copper, silver and
brass upon a base member from an electrolyte
suitable for the electrodeposition of the metal,
the steps comprising applying the electrolyte to
the base member, passing an electrical current
through the base member and electrolyte at a
potential of below 10 volts to render the base
member cathodic for from about 2 to 40 seconds
to electrodeposit metal on the base member, ter-
minating the cathodic current, passing an alter-

nating current through the base member and
electrolyte at a potential of at least 20 volts for =

from about 0.2 to 4 seconds, at least one com-
plete cycle of alternating current being applied
during the time interval, and repeating the cath-
odic current and alternating current cycle until

a desired thickness of metal has been electro- »

deposited on the base member.
4. In the process of electrodepositing a metal
" from the group consisting of copper, silver and
brass upon a base member from an electrolyte
suitable for the electrodeposition of the metal,
the steps comprising applying the electrolyte to
the base- member, passing an electrical current
through the base member and electrolyte at a
potential of below 10 volts to render the base
member cathodie for from about 2 to 40 seconds
to electrodeposit metal on the base member, ter-
minating the cathodic current, passing an alter-
nating current -through the base member and
electrolyte at a potential of from at least 20 volts
to 110 volts for from about 0.2 to 4 seconds, at
least one complete cycle of alternating current
being applied during the time interval, the alter-
nating current being terminated during the
anodic portion of the cycle, and repeating the
cathodic current and alternating current cycle
until a desired thickness of metal has been
electrodeposited on'the base member,

5. In the process of electrodepositing a bright
and smooth coating of copper upon a base mem-
ber the steps comprising applying to the base
member an aqueous alkaline electrolyte contain-
ing copper cyanide, passing an electrical current
at a voltage of not over 10 volts through the base
member and electrolyte to render the base mem-
ber cathodic for a period of from about 2 to 40
seconds to electrodeposit copper on the base

“member, terminating the cathodic current, pass-
ing an alternating current through the base
member and electrolyte at a potential of at least
20 volts for from 0.2 to 4 seconds, at least one
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complete cycle of alternating current being ap-
plied in the time interval, and repeating the cath-
odic current and alternating current cycle until
& desired thickness of copper has been electro-
deposited on the base member.

6. In the process of electrodepositing a bright
and smooth céating of sflver upon a base member
the steps comprising applying to the base member
an aqueous aikaline electrolyte containing stlver
cyanide, passing an electrical current at a voltage
of not over 10 volts through the base member
and electrolyte to render the base member cath-
odic for a period of from about 2 to 40 seconds
to electrodeposit silver on the base member, ter-
minating the cathodic current, passing an alter-
nating current through the base member and
electrolyte at a potential of at least 20 volts for
from 0.2 to 4 seconds, at least one complete cycle
of alternating current being applied in the time
interval, and repeating the cathodic current and
alternating current cycle until a desired thick-
ness of silver has been electrodeposited on the
base member.

7. In the process of electrodepositing a bright
and smooth coating of brass upon a base member
the steps comprising applying to the base mem-
ber an aqueous alkaline electrolyte containing
copper cyanide and zinc cyanide, passing an
electrical current at a voltage of not over 10 volts
through the base member and electrolyte to ren-
der the base member cathodic for a period of
from about 2 to 40 seconds to electrodeposit brass
on the base member, terminating the cathodic
current, passing an alternating current through
the base member and electrolyte at a potential
of at least 20 volts for from 0.2 to 4 seconds,
at least one complete cycle of alternating cur-
rent being applied in the time interval, and re-
peating the cathodic current and alternating
current eycle until a desired thickness of brass
has been electrodeposited on the base member.

GEORGE W. JERNSTEDT.
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