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This invention relates to a method for high frequency
galvanic separation of metals, and apparatus therefor,
and products obtained thereby, and more particularly,
to an 1mproved electroplating process and apparatus and
the resulting improved electroplated articles.

This application is a coniinuation in part of my co-

pending application, Serial No. 327,402 entitled “Method
for High Frequency Galvanic Separation of Metals and
Products Obtained thereby,” filed December 22, 1952,
now abandoned.

In general, the electroplating of a metal onto a given
article involves immersing the article to be plated in
an electrolyte and passing an electric current through
the electrolyte between the article and another electrode
also mmmersed in the electrolyte. The electrolyte con-
tains the metal to be plated and additional plating metal
may be added to the electrolyte either by adding addi-

tional quantities of a salt of the metal to the electrolyte

or, in certain cases, by employing an electrode made of
the metal which will supply metal to the electrolyte solu-
tion when subjected to the electric D. C. current em-
ployed in the plating process.

The instant invention involves the electroplating or
electrodeposition of metals under the action of high
irequency fields. It has already been proposed, in the
clectrodeposition of metals, to superimpose alternating
currents on the D. C. field in the electrolyte, to reduce
passivity of the anodes and to increase the throwing power
of the bath or electrolyte. In general, the use of a high
frequency field, superimposed on the D. C. field, has not
been successful for one reason or another, mainly be-

cause this did not favorably influence the deposition
process.

The process of the present invention for the electro-
deposition of metals, under the action of high frequency
fields, is characterized by the fact that at least two high
frequency fields, the frequencies of which differ so little
that a resultant frequency is of about molecular magni-
‘tude, are superimposed on the direct current field as a
result of which resonance phenomena occur, which par-

tially cancel or strengthen the characteristic charge of °

the ions and in this way favor the metal deposition. The
electrode arrangement is preferably so tuned with the
high frequency oscillator that a “skin effect” js produced
on the electrodes, as a result of which, due to the
strongly lonizing action of the “skin effect,” any over-
voltage of the ions to be discharged drops out and thus
very high throwing powers and very high electrolytic
deficiencies are cbtained. It is advisable to tune to in-
termediate or average frequencies of such magnitude,
as, for instance, between 3.50 and 3.56 meters wave
~length (in air), that the crystal structure of the deposited
material i1s so influenced on the cathode that the de-
posit can bes adapted to the particular purpose of use for
which the electroplated material may be intended.

By the application of the process of the present inven-
tiom, there is obtained a particularly favorable, that is,
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extremely dense, finely crystalline metal deposit which
is most strongly bonded to its base.

Though all galvanically depositable metals may be
used 1n accordance with the invention, the invention is
particularly advantageous for chrome or similar metal
plating. The deposits and especially chrome deposits ob-

tained by the invention are characterized by exceptional

hardness, resistance to corrosion by acids or moisture,
and cther unusual properties; and a preferred application
of the instant invention is that of hard chroming sur-
faces, such as of tools, machine elements, bearing sur-
faces, gun and rifle bores, gramaphone needles, elc.

It 13, therefore, an important object of the instant in-
vention to provide an improved electroplating process and
apparatus and article produced thereby. |

it 1s a further important object of the instant invention
to provide an improved electroplating process which in-
volves superimposing on the D. C. field in the electrolyte
at least two high frequency fields whose frequencies differ
slightly. ' |

Still another object of the instant invention is to pro-
vide an improved process for electroplating metals which
comprises imposing a D. C. field on a plating bath and
superimposing on the D. C. field at least two high fre-
quency ficlds whose frequencies, expressed in wave
lengths in air, are of a magnitude of 1.8 to 16 meters
and which differ from one another by a magnitude of
2 to 40% of their average wave length. |

Gther and further objects, features and advantages of
the present invention will become apparent to those
skilled 1n the art from the following detailed disclosure
thereof, and the drawings attached hereto and made a
part hereof.

In the drawing, Figure 1 is essentially a diagram-
matic view showing a wiring diagram and the plating
tank connected thereto, embodying the instant invention.

Although the details of the wiring diagram will be
described hereinafter, it will be noted that the high fre-
quency fields employed in the practice of the instant
invention, expressed on the basis of wave lengths in air,
are of a magnitude within the range of about 1.8 meters
to about 16 meters, and preferably about 3.5 meters to
about 6.5 meters. The wave lengths of each differ from
one another by a magnitude of from about 2 to about
40% of their average wave length (i. e., the average
wave length for the two or more high frequencies), and
preferably the wave lengths differ from about 5 to about
243% of their average wave length.

#:lthough there are a number of theories which may
possibly explain the various advantages obtained in the
practice of the instant invention, certain of these ad-
vantages may best be described on the basis of cperating
examples. o |

For example, plating is carried out in a chrome plat-
ing bath (having 265.7 g./1. CrO; and 2.8 g./1. HSQO,
content) maintained at 135° F. with a cathode current
density of 400 A. S. F. (amperes per square foct) and
an anode current density of 200 A. S. F., using a lead
anode 19 (Figure 1) at one end of the tank 11 and a
V-shaped brass cathode 12 at the opposite end of the
tank 7. The V-shaped cathode 12 is employed facing
the anode as shown in the drawing so as to present a
number of different surfaces for plating with the chrome.
When the D. C. current is turned on (without the ap-
plication of high frequency fields according to the instant
invention) there is a delay of several seconds before
oubbling of hydrogen appears at the cathode. |

Plating under such conditions for three minutes results
in the plating of chrome along the edges 13 and 14 of
the front side of the cathode 12, but a substantial absence

of chrome in the central portion 15 of the V-shaped
face of the cathode 12. The absence of chrome on the .



e -ing starts)..

- - under these conditions.

-~ face of the cathode mereases ; from tep to bettem se_
- .. that there is actually no chrome plated at the top ex-
- tremity of the cathode even along the edges 13 and 14. -
- - On:the back 16 of the.cathode 12 eh ome 1S plated along
" _the bottom, but not- along the :top. After plating. for
 five minutes’ under these conditions there is Very little
~ ' change in the-area on the front or back side of the cath-
. ode ‘which is covered by chrome, -although a thicker coat- -

ing of chrome.is -applied.” After plating for ten minutes

s carried out for prolonged permds of time:

If the same coating procedure is now used e‘{eept that' o
~high frequencies of 5.2:and 6.2 meters. wave length magni- .
 tude.are used, with the average wave Iength magnitude
 being about 5.7 meters, a: definite difference in the plated
o .cathedes will be: noted.” For exa |
“eurrent is turned on. (for the D. C. field and the high

This indicates that
15
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~ under these conditions, it ‘will be noted that there is a- 10
- slight- decrease in the uncoated or unplated area on the =

- front side -of the- -cathode "along the V-notch at 15, but -
-7 thereis.a. deﬁmte decrease in the area on the back of the ~
- .cathode which is coated: by chrome.

a reversible process: is apparently inveolved 1f the platmg.

20
the high frequency fields are superrnpesed than when the <

nple, as. soon -as the .
Even at the end-of = |

high frequeney fields- are not used. R
three minutes using the high frequency fields," it will be -

frequency ‘ields) it will be noted that hydrogen bubbles - -

" ~appear all
ing ‘is . apparent even after

ost instantly at the- cathode, and chrome plat- -
.- a8 httle as one-half second -
" ‘(whereas it is well known ‘that in the ordinary chrome
L 'platmg Process: several seconds. are required before plat-

3 After.three. minutes of plating- -under these -
. conditions, it will. be noted :that the entire baCkSIdE: 16
- of the:cathode 12 is chrome plated and the front. side of
" the cathode 12 is chroms plated except for a small portion.-

. ‘lying immediately along -the . bottom of. the V-shaped
- -groove at 15, . After plating for five minutes under these

| _-.C{}ﬂdltIGHS the entire cathode on the front and back sides

~ -is:.coated with .a. thicker layer of chrome, with the ex—'"-_
~ception of a narrower region along the notch 15:than in . -

30

- the case of the cathode plated for. only three minutes .

Dependmﬂ* upon the speeiﬁe operating conditicns,

- cannot be accomplished in any period of time, because of
the tendeney toward -reversal of the’action which was

" noted in the sample plated for ten mmutes 111 the absence
B _ef the high frequency fields. . |
- It will also be noted that the cathodes plated in the -
7" presence-of the high frequency fields just described do not 60
. have build up of chrome at'sharp edges or at surface -
regularltles, 50 that a peri’eeﬂy smooth or uniform ‘layer . -

- ~of chrome is applied. This feature.is ef partlcular ad- "
"+ vantage in’ the’ chrome plating of -gun ‘and rifle bores;,
-~ “wherein surface irregularities or alterations of the. nﬂmg
- because of the plating would’ cause fatal defects: -

- - other. unique feature- of the invention -is that'it may be
“used to plate, for example, a steel file without disturbing

- the contour of the file surface (and- aﬁordmg a uniform_
o thlekness of coating alenr' all points on the filed surface).
... 'As the-foregoing example clearly-demonstrates, there
. is a distinct difference between the plating operation in-
- - volving the use of superimposed high frequency fields as -
i-'__eempared to the platlnﬂ operaticn not-using sueh super- -
xmpesed hlgh frequeney fields. -
. - .scopic examination of the. chrome layers plated with and

-An-

- -without. the use of: hlgh frequeney fields shows clearly that
- ta-relatively. porous layer of .chrome is-applied if the -
are not -used. “In contrast; if- the -
. high frequency “fields are used -as: “indicated. herem, a
. dense substantlally non-pemae chreme coating is ebtamed
- with "a-distinct reduction in pores in
" -along the inner face between the chreme layer and the =
- “brass _cathede:

o 4131ng mﬂy a smﬂle A C ﬁeld even. though th_ls ﬁeld has ’2’5

- high frequeaey fields

LIt will also be feund that’ eleetreplatmﬂ'

L After ten minutes of plating the
"~ - uncoated portion along the motch 15 is decreased still’
S more.
- -about thlrty to forty. minutes is: ordinarily required to ef- -
" fect complete plating even- along. the notch 15 under

- In addition, a miero—f-_'_

in the coating lying -
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- -shaped” Eroove..

Ees)

~ ten-minutes using the superim
-sults ‘in’ a. continued- complete’ __
_mth an mereasmgly thick layer of copper platmg ‘Plat--~ -
~ - ing for five minufes without the use of the high' freeuency.-:--_ [
" fields. . results in a “somewhat more. eemplete copper plat--
“ing of the back: of -the cathode; but an absence.of .copper. -
plating in the bottom of the V-shaped groove in the front - ~ -
face of the cathode is still very noticeable." -
ten minutes without the use of high frequency fields're= .
" sults in what appears.to. be a substantially complete copper =
plating coverage of the entire cathode, but 1it. will-be =
RS appremated that the plat:mg in the bettom of: the V-shaped-;'ﬂ -

.'el'greeve is. only a very thm ceatmg

'ﬂ_:'-_'_and the -zinc plating.

. meters wave length ‘magnitude.

55
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- .'_a frequeney Wlﬂllll the cntwal range hereln set ferth
- results in no appreelable lmprevement over. the abeve___; R
-'-_descrlbed eleetmplatmg process using only. the D.C. field -
" (and mnot. usmg the mstant plurahty of hlgh frequency-_'.'_'.";
'_ﬁelds) ' - S
~As an example of anether platm process embedymg R
the instant invention; plating is carried out in an electro--- |
~ lyte containing zinc (content: 4.6 oz. 1 gal..of Zn, 12.5 -
oz.'1 gal of NaCN, 10.5. oz.:1 gal. of NaOH) mamtamed'_;__'-"_'_-
~at 95° F. with a cathode current density of 20 A. S. F.. .
and an ancde eurrent density of 10 A.-S. F:, using azinc -
. anode and a _brass cathode 12 in the same type of tank = -
_arrangement as that used for the chrome platmg The - -
- plating 1s carried -out for.three minutes without usmg a -
high fréquency field, and ‘a- comparable run.is carried out = -
for three minutes using superimposed - high frequencies -
| Similar -
“runs are carried out for five minuies-and for ten mmutes,"-_-*_j- S
- and. it is feund that in each case, the zinc ceatmg applied -~

of 5.2 and 6.2 meters wave length magnitude.

is much more dense and more uniformly applied when -

fields.

tained at . 120° F. with: a cathocde: current. density of 40-

A. S, F.and an anode current density of .20 A. SF.,

using a copper-anode and a. brass cathode 12 in the sarne'f_-___"'"
type of tank: arrangemeﬂt as that used for the chrome - = -
| ‘Plating is again. carried out for -

-perleds of three, five and ten ‘minutes;, with and-without =

of supemmposed high- frequeneles of 5.2.and 62 . '_L R
At the end -of three. =~ -

the use

“noted that the zinc coating covers. the entire- eleetrede'_;;_-
(cathode) even -in the V-shaped. groove, ‘whereas the - -
cathode plated for three minutes without the:use of the - - :
~ high freqaency fields shews only a very hght coating-im . -
 the V-shaped groove and a number of surface irregulari= ..
. ties on. the back of the cathode. -After five minutes coat- ..~
ing ‘without the use of the high frequeney fields some of = -
 the surface. xrregularmes on the ‘back are cleared up, but - -
the -coating is nowhere near as: uniformly applied as that. . =
~ applied for five minutes using the high. frequency-fields. -
- After ten minutes, it is possible to observe a distinct dif- - -
s ference in -the acutal thickness. of the -coating auphed
with the coating apehed using - the high frequency fields . |
being thicker and more uniform. . Microscopic examina- -
- .tion of the coatings also reveals a much more dense nop--

- porous coating: 13-3’81‘ 3Dphed usmg the hlgh frequency.z'~-__._'_

As another examp le, plating is carried out in an elec- -

trelyte containing- copper (content: 3 oz 1 gal.~of Cu,

these conditions; .but it will be appreciated that complete  4.50z. 1 gal. of Cu (CN)y, 6 0z: 1 gal. of NaCN) main- . °

- plating in the absence of the instant high frequency fields -

minutes plating without the use . of the high- frequencyif-

"_'_jf‘elds, the backside of the cathode contains some copper -
plating, with no. plating along: the extreme rear edge, and - - -
‘canly: very. irregular plating" on - both of the backSIdes,=- T
 particularly - along “the bottom: -The front side- of the -
cathode has ngc eopper plating 111 the bottom: of. the V- N

_ In contrast; ‘plating for three minutes
using -the. instant superlmpesed high frequencies -results = .-
m cerx:plete copper plating of the. cathede on: both the"-"-'_';-__,“';fj_
“front and ‘back’ sides, including the very bottom of the= - :
“V-shaped groove. on ‘the front face:” Plating’ for five and - = %
pesed high frequencies-te- - -
o‘verage of the. eathode_. R

‘Plating. for -

Agam a IIHCI‘OSCGPIG
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comparison of the coatings shows that the copper coating
applied using the high frequency fields is much more
dense and non-porous and is in contact with the brass
cathode surface over a much greater area.

Comparable results may be obtained using other elec-
trolytes and/or electrolytes containing other galvanically
‘depositable metals or mixtures of such metals.
clectrolyte which may be used to obtain substantially
the same results as those described in connection with
the copper plating is an electrolyie containing cadmium
(content: 3.3 oz. 1 gal. of Cd, 12 oz. 1 gal. of MaCn,
2.6 oz. 1 gal. of NaOH) maintained at 90° F. using a
cathiode current density of 20 A. S. F. and an anode (Cd)
current density of 10 A. S. F.

Although there are certain practlcal considerations
which will be discussed hereinafter concerning the gen-
eration of the high frequency fields, it is preferable to
employ high frequency fields of a magnitude of about
3.5-6.5 meters wave length. In this range, the best plat-
ing results are ordinarily obtained using an average wave
length In the lower end of this range of, for example,
3.50-3.56 meters, but the generation and control of high
frequencies in this region is somewhat more difficult and
for practical purposes it may be advantageous to use
wave lengths within the range of 4.5-6.5 meters.

hereinbefore in connection with the pair of wave lengths
5.2 and 6.2 will be even more noticeable and the ad-
vantages obtained thereby in more uniform coating, more
complete coating and more dense coating will be ob-
tained much more quickly and much more noticeably.
Again, using wave lengths of, for example, 3.4 and 3.6,
still a more noticeable improvement is obtained, or the
improvement is obtained more quickly. Practical prob-
lems in the generation of these frequencies, such as the
tendency to cause breakdowns in elements such as the
oscillator, may make it more desirable to use frequencies
in the higher wave lengths at perhaps a slight sacrifice
in plating time and/or quality. Actually, the benefits
of the instant invention can be obtained using wave
lengths as high as about 16 meters, although no appreci-
able 1mprovement appears io be obtained using greater
wave lengths. In general, it is desirable to use wave
lengths that are as close to one another as is practical.
Also, wave lengths as low as about 1.8 meters may be
employed {0 advantage in the practice of the instant in-
vention, but below this wave length the problems of gen-
eration and control become unnecessarily difficult.

'i'0 apply the D. C. field to the plating path, the anode
10 1s connected through a conductor 17 and an ammeter
i8 to one terminal i3 of a direct current source 20 hav-
ing a sscond terminal 221 cennected through a conductor
22 to the cathode 12. The source 20 may be any source
of steady or pulsating current.
or where standard 25, 50 or 60 cycle alternating current
1s available, it will ordinarily be preferable to provide
rectifiers to convert the alternating curent to direct cur-
rent,

To apply a high frequency field to the plating bath,
certain points c¢i the conductors 17 and 22 are respectively
connected throuzn coupling capacitors 23 and 24 to
the terminals of a coil 25 which may have a variable
tuning capacitor 26 connected in parallel therewith. The
coll 25 is inductively coupled to a tank coil 27 of an
osciliator generally designated by reference numeral 28,
which comprises . a triode vacuum tube 29 having a plate
or ancde 36, a control grid 31 and a directly heated

cathode or filament 32. The oscillator may be a series-

fed “Hartley” type with the plate 30 being connected to
cne end of the tank coil 27, with the grid 33 being con-
nected to the othier end of the tank ceoil 27 through a
D. C. blocking capacitor 33 and with a plate supply volt-
age being connected between a tap 34 on the coil 27 and
the filament 32.

Batteries may be used

Another -

16

For Z:
exampie, using high frequencies having wave lengths of
4.4 and 4.8, 1t will be found that the differences described

30
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A source of direct current may be used for the plate
supply but preferably, to eliminate the need for rectifiers,
an alternating current supply is used. In particular, the
filament 32 is connected to one terminal of a high voltage
secondary winding 35 of a transformer 36 and the tap
34 1s connected through a choke coil 37 to the other
terminal of the winding 35.

To heat the filament 32, one side thereof is connected
tc one side of a secondary winding 38 of a transformer
39, the other side of the filament being connected through
an ammeter 40 and a rheostat 41 to the other side of
the Wmdmg 38. The transformers 36 and 39 have pri-
maries 42 and 43 connected in parallel to terminals 44
and 45 which may be conmnected to a suitable A. C. source,
such as a source of 60 cycle, 220 volt current.

Grid-leak bias is preferably used for the oscillator 28

o insure self-starting, the grid 31 being connected through
the parallel combination of a resistor 46 and a capacitor
47 to the filament 32.

With the coil 25 being tuned by the capacitor 26, it
Is not necessary to tune the coil 27. However, it may
in some circumstances be desirable to connect a variable
capacitor 48 across the coil 27.

It will be appreciated that with the oscillator circuit as
thus far described, a high frequency field of one fre-
quency may be readily applied to the plating bath. To
apply a high frequency field of a different frequency, a
separate oscillator may be used. According to an im-
portant feature of this invention, however, the oscillator
28 is used to simultaneously apply two different frequen-

~cies to the plating bath, to thus eliminate the need for

40
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two separate oscillators.

It has been found that this highly advantageous result
is achieved by using a relatively hlgh degree of coupling
between the coils 25 and 27. It is believed that a hlgh
degree of coupling results in the generation of two fre-
quencies because of the fact that when two resonant cir-
cuits are coupled together with a coefficient of coupling
greater ihan a certain amount, two resonant peaks will
exist at frequencies respecuvely above and below the fre-
quency to which the circuits are tuned (which hereinbe-
fore 1s referred to as the “average” frequency). The oscil- |

lator circuit may thus have the greatest degree of applica-

tion at two different frequencies and can operate simul-
taneously at both frequenc:es

If the oscillator output is viewed on an cscﬂloscope,
for example, the wave will have the same general form as
is produced by the addition of two sine waves. As is well
known, “beat” frequencies may be produced from waves
of two different frequencies and such beat frequencies are
produced by the oscillator of the system of this invention.

It should be noted that the greater the degree of cou-
pling, the more prominent are the pair of resonant peaks
and the greater is the spacing or frequency difference
therebetween. Thus, the relation of the two frequencies
can be adjusted by adjusting the coupling between the coils
28 and 27.

In practice, the coupling is generally adjusted until opti-

mum performance is achieved. In any case, the couphng |
:; should be such that the mutual inductance in henrys 1s

alleIaBtlaﬂ}’ greater than

\/RIRE
W

where Rj is the resistance of one coil in ohms, R, is the
resistance of the cther coil in ochms and w==2xf, f being
the frequency to which tuned, in cycles per second. A

coupling such that
_ ‘/R 1
¥ w

is generally termed “critical coupling” and hence the cou-
pling should be substantially greater than critical coupling.
By way of illustrative example and not by way of lim-

itation, the capacitors 23 and 24 may each have a capaci-




- the capacitor 33 may be constituted by two-vacuum |
- '-____ters each havmg a capacitance of 250 micro-microfarads;
- - the capacitance 47-may have a capacitance of 100 -micro-
.. microfarads; the resistor 46 may have a value of- 10,000
- ohms; the voltage. developed across - the secondary 35
- ‘may-’be. 5000 volts R: M. S.; and. the tube 29 may be an
-air-cooled high. vacuum type: with 2000 watts maximum
As ebeve mdleated the caeacﬂor 43 is-

 ~direct current: source;

Rt through the D. C. source.

~ _-frequencies.-
© . ‘rangeof D. C. current density of; for example, 5 to 1500?_;
. "A.S8.F. g-..,nerally, altheugh W1th chreme planng prefer-

o 'ably 200 to 1300 A. S. F. -

“'-"tance of 2000 rmcre-mlcrefarads the capaeltor 26 may
“have .a maximum- capaextanee of 125 micCro- mlcrofarads,

".."pewer output.
- net necessary

.- Ttisa speeiﬁe feature of the mventlon that the hmh‘-'-

frequency source is connected -in parallel relation to the *
e " A series. coupling could be used
. but such would necessitate that the D. C. source have a-
Very’ low- internal. impedance to the- hlf’h freq iency cur- -
. . rents -to obtain efficient operation. |
- achieve,. partleularly with -the relatively long. conductors:

usually used to connect the D. C. source to the. electrodes.
‘'With: a parallel coupling such as shown, the impedance

- pelnts 1o ‘which the high frequeney source is cenneeted
- A-further specific feature is in the adyuetment of a 9031-

- ;tmn of connection of the high frequency source to the -

moving the points-of cennectmns to the conductors 17, 22,

~resonant. and antj-resonant- points -(or-nodes and anti~
- nodes) may be found. and by using the resonant: pemts L
o eptlmum couplmg can be achieved. In many cases, points

~can be found -at which the ‘high frequency. current path

i_'..": - through the ‘D.- C. source bemg ann-resenant 30 that the :
__--'_521deel coupling can be obtained. T T

-Accordingly, this invention not only prowdes an lm-

- : _--'PTOV'“d electroplating process. and-apparatus utilizing high
- frequency fields of two different frequencies to. produce .

capaci-

‘This -is difficult -to

30

M|

10

If desired, in addition, choke coils rney be pro- :

- vided- between the terminals of the D. C. source and- the__- o article to a

- plated in the eleetrolyt

article- to-a: d1rect current source through a pair-of con=

form

L

“moving the high frequency. connection points ‘along said .
conductors, and obtaining a maximum high frequency field- -
. in the ..,lee"relyte by adjusting the high frequency connec- -
‘tion poiats: to Tesonant positions, said hlgh frequency bemg*;_-{ -
--e’epre}umdtel}r 3.5 meters as 6‘{pIBSeEd in wavelengths 111_ S
-.f'alr R | | AR
30A precess for e}eefreplatmﬂ' Wlth an electmlyte Whlch- ._i_'_ L
eemprises immersing ‘an eleetrede and. an article .to be- .
_plafed in the electrolyte; connecting the electrode and the = . -
‘direct current source through a pair of con-
ductors, connecting- to said conductors an’ alternating cur- -

" rent source having a high frequency. such that said con- =~

S . ductors form' a transmission line of substantial electrical - R
--".-;eendl..cters 17--22 to obtain- optimum coupling ‘to- the -

.- bath,” With frequencies in the ranges prevmusly specified;
~ -the conductors 17,22 can form a transmission line-of sub--
" stantial length as cempared to- one wave length, and by

M'_#‘-h.—-.-h -

L ngademene e g

- ductors, connecting to said:conductors an’ alternating: cur--._:_'_'_?__ o
rent seurf*e havlng a. frequeney such that:said: conductors - ~
a transmission line of substantial electrical length
as. eempared to one wavelength, determining: the resomant -~
- znd anti-re scnant. pesmens of said. cenducters by mevmg'-,; T
- the high frequency connection ‘points along said- cenduc-'{;-?’-_ S
_ tors, and obtaining a maximum high-frequency fieldin the = -
'electrelwte by adjusting the hlgh frequency cenﬂeetle-n"j o
points to resonant positions. = T
-7 2. Aprocess for eleetreglatmg withan electrelyle whlch K
cempmes immersing an electrode and an article to be -
connecting the. electrode and the = -
“article to a direct current source through a pair of con-. .
-.durters cennecting to said conductors an alternating.cur-
- rent source having a’ high frequenev such that said conduc-
. tors form a transmission line of substantial electrical: -
~ length as compared to one. wﬁ..velenﬂth ‘determining- the -
~resonant and anti-resonant pesmens of said conductors-by -~ -
’.ef ‘the high frequency current path through the plating -
“‘bath should be much less than the impedance of the path
N - With conductors of substantial -
~ length as are usually used to-connect the:D. C. source to -
- the plating bath, this is achieved to-a’ certem extent by
o merely COHHEuUIlg the high frequency source to- points -
" on the conductors 17; 22 close to-the anode 10 and cath-
- ode 12.

t__.le,_eth as eempered to-one. wavelength, deterimining the -
- resopant and- anti-resonant positions- of ‘said. cenduetorsj__{: o
by moving- the hlgh frequeﬂcy connection pemts along - . -

- said conductors, obtaining maximum high frequency fields - R
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 improved articles, but this invention also. provides a meth- -

| ,.ed and apparatus - for- electreplatlntr by which high fre-
" guency currents of one .or more frequencies can be- -effi-

RS will be understoed that mechﬁeatmns and vanatlonsf?-"
- _.may be effected without. departing- from. the spmt and-'
S l-?scene of the novel concepts of tlus mventmn |

" I claim as my invention:
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1L Aprecess for electrepletlng w1th an electrelyte whlch' ; S

cemprlses immersing an- electrode and an article to be -
plated in the eleetrolyte eennectmg the electrede and the __

6. A process as. deﬁned n relai_
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. in the, eleetrelyte by ad]ustmg the. pesmen of the inter- - - -
- connections of the high frequency source. ‘and the conduc-
- tors to. resonant points, said alternating current. source -
supplymg at - least two alternating currents whese fre--. PR
_ - T -guencles, - €X in wavelengths in air, are approxi- . .. .
L _threugh the beth is resonant with the high frequency path- - ?n;t’ifff 1 § ;:;esizd mzters aﬂgb wlsnch i}ﬁerreﬁ 0?111? one_""'}.__'?_
" another by appremmately 2 to 40% ef thelr average' ~
; wavelength o |
- 4, A process as deﬁned in clalm 3 in Wthh tne electre-
. lyte contains chromium.- - | o
" "5. A process as deﬁned 111 clalm 3 in Whlch the electre--_':r -
| -'_l}fte contains copper. |
o o0 -l te contams zine.
-~ . clently coupled to a platmﬂ bath. - This invention further - Y |
 _provides the arrangement by -which a- single -oscillator is -
. used to preduee two high frequency currents-of -different -

-This invention also permits the use of a wide
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13 in which the electro- -
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