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This invention relates to the electrodeposition 
of metals by means of a periodically reversed 
electric current. 
In electroplating metals upon base members, 

it is highly desirable to- produce electrodeposits 
thereof that are as smooth as possible, and of 
maximum brightness. Furthermore, it is ordi 
narily desirable that the metal being deposited 
be applied upon a base member as a coating of 
substantially the same thickness throughout. 
When electroplating with continuous direct 

current, it is recognized that due to current con 
centration phenomena dependent upon the shape 
of the base member in conjunction with other 
factors, such as concentration of ions containing 
the metal to be plated in the body of the solution 
adjacent the base member, the electrodeposits 
ordinarily vary greatly in thickness from point to 
point on a base member. This unequal build 
ing-up of the electrodeposits on various portions 
of the member is not only inef?cient but is in 
many cases undesirable because it leads to an 
inferior product such, for example, as treeing, 
nodules, unacceptable roughness, as well as very 
thin electrodeposits, pores, and other defective 
plating. In order to remove excessive electrode 
posits which build up on corners and sharp edges 
and similar places where excessive current con 
centrations» occur, considerable manual work 
consisting of bufiing, grinding, polishing and the 
like usually has been required as a necessary step 
in producing commercially acceptable plated 
Work. 
Many electrodeposits contain pores and other 

unplated ?aws that extend to the base mem 
her. The protective value of electrodeposits, 
which otherwise would be satisfactory, may be 
greatly diminished‘ because of the presence of 
pores and other defects. Corrosion is most 
readily initiated where pores occur. It is highly 
desirable to produce electrodeposits that com 
pletely cover the base member without pores or 
areas in which the electrodeposit is thinner than 
over the major portion of the plated member in 
order to secure optimum protective and decora 
tive deposits. 

It is also well known to those skilled in the art, 
that the electrodeposition of metals by continu 
ous direct current must be carried out at current 
densities not exceeding certain limits if an ac 
ceptable quality of plate is to be secured. The 
plating current densities employed commercially 
are ordinarily maintained somewhat below these 
predetermined maximum permissible limits in 
order that the plater have a safe margin within 
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which to operate. Continuous direct current 
plating, therefore, requires an extensive amount 
of equipment since the amount of work that can 
be plated per unit time in a given plating tank is 
limited by the allowable plating current density. 
Any increase in allowable current density that 
would still maintain the production of satisfac 
tory plate proportionately reduces the number or 
size of plating tanks, the amount of solution in 
use, and related apparatus that is required. 

In Patent No. 2,451,341, issued October 12, 1948, 
to one of the coinventors of the present inven 
tion, there is disclosed the electroplating of 
metals by means of a periodically reversed elec 
trical current comprising cycles each of which 
is composed of a plating portion and a deplating 
portion. The plating portion of each cycle as 
disclosed in that patent does not exceed 40 sec 
onds since under the conditions there disclosed 
no improvement in plating was possible if the 
plating period exceeded 40 seconds by any sub 
stantial amount. According to the conditions 
disclosed in the patent, a deplating current 
which would apply 10% of the coulombs applied 
by the plating current was adequate, and par 
ticularly good results were secured with a. de 
plating current delivering 20% of the coulombs 
applied by the plating current. 

It was found that deplating currents deliver 
ing more than 20% to 25% of the coulombs de 
livered by a plating current cycle of up to 40 
seconds would not produce a bene?t proportional 
to the excess of the metal deplated over the 
amount deplated by a deplating current of 25% 
of the coulombs of the plating current. On the 
other hand, deplating currents delivering in the 
amount of from 10% to 20% of the coulombs de 
livered during the plating portion of a cycle pro 
viding for plating current for 45 seconds or 
longer in a periodic reverse current cycle did not 
prove to be entirely satisfactory. At the time of 
discovering the unexpected advantages of reverse 
current plating, it was found, for example, that 
periodically reversed current cycles of the order 
of 70 seconds plating and 12 seconds deplating 
produced electrodeposits that were not appreci 
ably better than continuous direct current plat 
ing, and the quality of such elcctrodeposits would‘ 
not justify the extra equipment and plating time 
required to practice periodic reverse current 
processes to carry them out. 
Following this observation of reverse current 

plating cycles that only produced an electrode 
posit approaching that deposited by direct cur 
rent plating, it is now unexpectedly discovered 
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that another range of cycles gives results in 
leveling that have never been attained in plating 
processes heretofore. This range of cycles which 
gives the unexpected results in leveling employs 
plating portions of 45 seconds and longer in con 
junction with deplating currents of a magnitude 
that ordinarily one would not think of using and 
which will be described hereinafter. With these 
long time cycles, as compared to those set forth. 
in Patent No. 2,451,341, we have produced elec 
troplating for many purposes, superior in such 
properties, as levelness, to that produced previ 
ously. 
The object of this invention is to provide a 

periodic reverse current cycle having a plating 
period of at least 45 seconds and a deplating 
period at least 30% of the time of the plating 
period and proportioned thereto to apply at least 
30% of the coulombs delivered during the plat 
ing period. 
A further object of the invention is to provide 

a periodically reversed current cycle having a 
plating period of at least 45 seconds and a de 
plating period during which a deplating current 
substantially less than the average plating cur‘ 
rent is applied to deliver at least 30% of the 
coulombs and 'up to 95% of the coulombs deliv 
ered during the plating period. 
Other objects of the invention will in part be 

obvious and will in part appear hereinafter. 
For a better understanding of the nature and 

objects of the invention, reference should be had 
to the following detailed description and draw 
ing in which: 

Figure 1 is a view in elevation, partly in sec 
tion, through an electroplating setup operating 
in accordance with the invention; 

Figure 2 is a graph plotting time against cur-= 
rent’ as employed in the periodically reversed 
plating cycle of the present invention; and 

Figure 3 is a graph plotting the change in 
roughness of metal surfaces against the ratio of 
plating to deplating coulombs provided by the 
periodically reversed current cycle of the present 
invention. 

It-has been discovered that many metals may 
be plated from aqueous electrolytes and particu 
larly copper, silver, zinc, cadmium, tin, gold and 
alloys in which these metals predominate by a 
periodically reversed current in which the plating 
period is at least 45 seconds in length, and may 
exceed 300 seconds, and is correlated with a 
deplating period which is not less than 30% of 
the plating period and in which the average 
current density applied during the deplating 
period is not substantially in excess of the aver 
age plating current density and-preferably ‘less. 
‘The periodic reversed current cycle must be such 
that the deplating current delivers between 30% 
and 95% of the coulombs delivered by the plat 
ing current. Under these conditions, a long time 
cycle periodic reverse current will electrodeposit 
metal having a surface that is outstanding for 
its smoothness and levelness. In some‘cases, the 
electrodeposits made by these cycles are bright, 
but this is not always true. In all cases, 'we 
have obtained electrodeposits that were smoother 
than the metal to which they were applied. Fur 
thermore, the uniformity of thickness of the elec 
trodeposit is far greater than possible with either 
continuous direct current or with the process dis 
closed in Patent No. 2,451,341. Other advantages 
of the invention will be set forth hereinafter as 
it is described in detail. ‘ 
The levelness- and-smoothness-of electrodepos 
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ited metal is a critical factor. Many known plat 
ing processes cannot be carried out satisfactorily 
without the plated metal surfaces being buffed 
and polished to render the plated metal level and 
smooth and accordingly the cost of appling the 
plating is high. Due to this factor it has long 
been desired, but not realizable, to plate mem 
bers uninterruptedly in a conveyorized process 
whereby the plated metal is not required to be 
buifed and polished. For example, according to 
present day practice automobile bumpers are 
buffed, then copper plated, the copper buried, 
then nicked plated, sometimes the nickel is buffed, 
‘and ?nally chromium plated. Due to the inter 
rupted processing and the manual hurling opera 
tions the plating of bumpers is relatively expen 
sive. By comparison, by the practice of ‘the pres— 
ent invention, formed steel bumpers may be 
periodically reversed current plated with a thick 
ness of about 0.001 inch copper which is so level 
and smooth, far smoother than the steel base 
metal, that nickel and chromium may be imme— 
diately applied thereto, without any buffing, and 
the quality of the plated metal will be comparable 
to that of the best previous process involving 
buffing, but will cost far less. This entire process 
can be carried out in a single uninterrupted con 
veyorized operation. 

Referring to Figure 1 of the drawing, there is 
shown an electroplating tank 20 provided with 
a chemically resistant liner I2 in which is located 
the electrolyte M of a suitable composition to 
electroplate the desired metal. The conductor 
bars i6 and is are each provided with current 
from the source 2!] of periodically reversed cur 
rent meeting the requirements herein set forth. 
The source 20 of periodic reversed current may 
be a direct current source, such as a battery. 
generator, or recti?er combined with suitable 
relays, reversing switches and resistances con 
trolled by a timing mechanism to reverse the 
current at predetermined times and vary its value 
in accordance with the requirements of the inven 
tion. In other cases, other suitable mechanisms 
may be devised to produce the desired current 
cycle. The cycle may be secured by simply re 
versing the ?ow of current from a direct current 
source, or the flow of current from separate 
direct current sources may be alternated, one 
plating the member for 45 seconds or more and 
the other deplating the vmetal. The conductor 
bar l6 carries a hanger 22 on which there is 
supported a member 24 to be electroplated. The 
‘hanger 26 supported by the conductor bar Hi 

‘i carries a suitableanode'electrode 28, usually of 
the metal being plated. 

_ Referring to Figure 2 of the drawing, there is 
illustrated the periodically reversed current cy 
cle of the present invention. Assuming that the 
cycle starts at the point 0, the plating period 
starts with the application of plating or cathodic 
‘current of the value ‘A being applied to the mem 
ber 24 to'plate metal thereon. The plating cur 
'_rent'continues for a period of time X of at least 
45 seconds to the point 13. Then. the direction 
of flow of current is reversed so that the current 
passes through zero current value and reaches a 
value Cthereby'metal is deplated from the mem 
ber 2d. The average current density at 0 should 
not be substantially in excess of the average 
cathodic 'or plating current density during the 
interval X. Our experience is that good results 
occur if 'the average deplating current density 
does not exceed about 110% of the plating cur 
rent density. The deplating period Y is not less 
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thanl30% of the plating period X. When the de 
plating period terminates at D, the direction of 
?ow or the, current is again reversed to pass 
through zero current and then becomes a plat 
ing current with a value E. The cycle is re 
peated with a plating period of from E to F plat 
ing metal on the member, and then another re 
versal of direction of flow of the electrical cur 
rent to a second deplating period from G to H, 
etc. During the cathodic or plating period, a 
metal is plated upon the member 24, the amount 
of metal being plated being proportioned to the 
current and the time X as is well known. Dur 
ing the anodic or deplating period, the pre 
viously plated increment of metal on the member 
24 is deplated in proportion to the anodic cur 
rent and the time Y. This leaves a net incre 
ment of metal which is much smoother, more 
level, and freer from imperfections than the orig‘ 
inal increment plated during the cathodic period 
vA to En The plating of a second increment E 
to F upon this net increment is bene?ted by the 
previous deposit of the deplated increment of 
metal and in general the metal plated ‘during the 
increment E to F‘ will be somewhat superior to 
the increment plated during the period A to B. 
Upon deplating a part of the plated increment 
deposited in period E to F, we ?nd that the net 
result is a still further improvement in the qual 
ity of the deposit. The application of additional 
cycles of periodic reverse current to the member 
will produce an increasingly improved total 
electrodeposit, though the improvement in a net 
plated increment produced by the last cycle over 
the preceding cycle may be somewhat less than 
thatyproduced in the second cycle over the ?rst 
cycle. _ ‘This improved total metal deposit is se 
cured with as little as three or four periodic re 
verse current cycles. Ordinarily, however, the 
periodic reverse current is applied for prolonged 
periods of time, whereby as many as 100 or more 
periodic reverse current cycles have been ap 
plied. Very heavy total deposits of more than 
‘0.005 inch of metal have shown unusual smooth 
ness and uniformity. 
While the applied current during the cathodic 

or plating period is shown as a relatively constant 
current AB, in practice the current density does 
vary to some extent throughout the entire plat 
ing period. In some cases the current density 
decreases slowly throughout the entire time X 
so that the current at B is considerably less than 
the current at A. In other cases, the current 
may be rippled or irregular as is the case when 
alternating current is recti?ed. In any event 
‘the average current density during the cathodic 
or plating period X isconsidered in determin 
ing the average lcurrent density to be applied 
during the deplating period Y. Also,_ while the 
application of current from O to A and its re 
versal from B to C, etc., is illustrated as being 
eifected ‘substantially instantaneously, it is known 
‘that this is not the case, but that a ?nite period 
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of time is required to effect changes in the di- , 
rection and amount of?ow of ' electrical cur 
rent. - . 

' It has been found that the optimum results 
are obtained when the anodic or deplating cur; 
'rent is of such a value that the current density 
on the'member is from 50% to 90% of the cur 
rent density applied by the cathodic or plating 
current A to B. In some cases the deplating cur-‘ 
rent may even be less than 50% of the current 
density of the plating current." However, any re 
duction below 50% of the plating current density 
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‘entails such a. prolongation of the total plating 
time that it ordinarily is not economical'an'd 
would not be employed commercially, although 
it is usable. Thus, for example, the deplating 
current density may be 35% of the plating cur 
rent density. 
For an illustration of the bene?ts secured by 

the practice of the present invention, reference 
should be had to Figure 3 of the drawing where 
in there is plotted a curve of the change in rough 
ness of a series of panels having an original 
roughness of 13 microinches root-mean-square 
-(R. M. S.) by applying thereto an electrodeposit 
comprising 0.001 inch of copper. The copperwas 
electrodeposited by periodioreverse cycles each 
having a plating period of over 45 seconds, and 
the ratio of coulombs of deplating current to the 
plating current coulombs were varied as indi 
cated in the abscissa. The deplating current 
density did not exceed the plating current den‘ 
sity. All of these panels were plated from a cop 
per cyanide electrolyte of identical composition 
under comparable conditions of plating current 
densities. A panel plated with direct current, 
corresponding to the lowermost point at the left 
hand end of the curve, was 4 microinches rougher 
than the original panel. As the periodic re 
verse current was applied with increasing ra 
tio of deplating coulombs to plating coulombs, 
the roughness of the electrodeposited copper ap 
proached that of the base metal and, ?nally, at 
approximately a 0.25 ratio of deplating to plate 
ing coulombs, the electrodeposit was of the same 
roughness as the original metal surface. There; 
after, with ratios of deplating to plating coulombs 
of greater than 0.25 the copper that we electro-i 
deposited became smoother and more level than 
the base metal upon which it was applied. A peak 
of improved smoothness and levelness was, se 
cured at a ratio of approximately 0.8. The curve 
illustrated is the result of a great many cycles, 
including cycles having plating periods of 45 
seconds, 60 seconds, 90 seconds, 100 seconds, 142 
seconds and 300 seconds. In all cases the points 
were relatively close to the curve shown. The 
best leveling appeared to be secured with cycles 
having a plating period of approximately 90 sec 
onds for all ratios of deplating to plating cou 
lombs. It is evident from the curve of Fig. 3 
that an improvement in leveling of ' at least 25%, 
that is 3.25 microinches or better, is obtained 
over most of the effective range of ratios, that 
is from about 0.5 to 1. ' . _ 

Exceptionally good results have been secured 
by plating metals with periodically reversed cur; 
rent cycles in which the deplating current de 
livered from 50% to 80% of the coulombs de 
livered by the plating current. - -, 

While it may appear that it is inefficient and 
wasteful of previously plated metal to employ a 
deplating current‘ of such a magnitude that it 
.deplates 80% or more of the previously plated 
metal, it has been found that such cycles are 
practical and commercially usable inasmuch as 
the net metal so electrodeposited is of such extra 
ordinary smoothness, levelness, and uniformity 
of thickness that no bu?ing, grinding or other 
manual after-treatment of the electrodeposit is 
required. It has been found that manual labor 
for such bu?ing operations usually constitutes the 
most expensive portion of providing members 
with electroplated coatings. Furthermore, the 
‘electroplating may be carried out at such a high 
current density as compared to permissible direct 
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‘current platingidensltieslithat the total plating 
time required in accordance with the practice ‘of 
thisinventionv to produce a‘deposit of a‘given 
thickness is, in many cases, less-than that possible 
with previous optimum continuous direct current 
plating. In some cases, the total plating time 
vwith the present process to produce a given thick 
ness ‘of plated metal may ‘exceed the total plating 
time requiredwith continuous direct current 
process'but-the improved. quality- of the deposit 
‘by the former'process justi?es such increase in 
theplating time. . 

_ " The following’. examples illustrate the practice 

Joithe invention: 
‘Example I 

.-An" aqueous cyanide electrolyte of'the follow 
ing ‘composition was prepared: 

Oopperias a metal)» ____________________ _. 8 ounces per gallon. 
Potassium‘ hydroxide __________ .. ._ 4 ounces per gallon. 
‘Free potassium cyanide. _ __ 1 ounce per gallon. 
Zinc oxide.._...._--_ ........ r. ._ Su?icient to provide 0.1 

'ounce‘per gallon of ‘zinc. 
Metal thlocyanete ________________ ....._... To provide 0.5 ounce per 

gallon of thiocyanatc 
' (CNS-). 

Copper vwas electroplated from this ‘electrolyte 
‘using the following periodic reverse current 
"cycles: 

‘ " Plating'Perlod Deplating'l’eriod Total Improvement 
.. . . Plating in Roughness, 

, Time, Reduction in 
‘ Sec. Amp._/sq.it. Sec. Amp./sq.ft. Minutes Mlcroinches 

'00 v 70 90 45 30 + 5 
f 90 ‘ 70 120 33 30 + 6.5 
100 70 75 '60 40 +15 

' The best resiiltsin practicing the invention 
have been secured in plating copper with elec 
trolytes containing both zinc and thiocyanate as 
addition agents. The zinc must be maintained 
in the amount of from 0.0038 to 0.5’? ounce per 
gallon, and from 0.1 to 10 ounces of ‘thiocyanate 
‘(CNS—) should be present per. gallon of electro 
lyte; The optimum proportions in cyanide-cop 
per electrolytes have been zinc in the amount 
of vfrom 0.005‘ tov 0.2 ounce per gallon and thio 
‘cyan'ate from 0.5 to 2.0'ounces per gallon of the 
‘electrolyte. However, the periodic reverse cur 
rent cycle of the present invention may be ap 
plied‘ to conventional electrolytes containing no 
addition agent or electrolytes in which conven 
tional addition agents are present. It‘has been 
our experience that for‘ best results organic ad 
dition agents should be omitted from electrolytes 
to be plated by'means of the present long time 
cycle periodic reverse current. In'the presence 
of many organic addition agents blackening of 
the metal surfaces may occur, and we prefer to 
‘omit any organic addition agent whatever. The 
cyanide and thiocyanate are regarded as being 
inorganic in nature. 

Example VII 

An'acid “copper electrolyte‘ of .the' following 
composition was prepared: 

Ounces per gallon 
Copper sulphate ____ __r___r___l ___________ __ 27 

Sulphuric acid ________ __u __________ __.____ 6.5 

The ‘electrolyte wasmaintained at room tem 
perature, about 70° F. to 75° F. Copper was 
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plated from the‘ electrolyte by applyingthefol 
lowing periodic reverse current cycle: 

Plating Period _ Deplatlng Period 

‘Seconds Amp./sq.it. Seconds Amp./sq.l‘t. 

‘95 60 60 50 

Copper was electrodeposited on members for 30 
minutes using the .cycle. A‘ substantiallyrsmooth 
and level deposit was produced in each case. 
The improvement in smoothness of the copper 
over the basemetal was more than 51/2 micro 
inches. For comparison,» copper was electro 
plated from the same electrolyte using continuous 
direct current at a density of 23 amperes per 
square foot for'one sample and 42 amperes per 
square foot for a second sample, each being 
plated for 30 minutes. On the ?rst sample, the 
roughness of the copper deposit was 25 micro 
inches on a base member that had an original 
roughness of 15 microinches, that is, there was a 
net increase in roughness of 10 microinches. In 
the second sample, the increase in surface rough 
ness of the plated copper-was approximately 13 
microinches to a value of 30 microinches on a 
base member that had an original surface rough 
ness of 17 microinches. 

Example ‘III 

A zinc electrolyte was prepared as follows: 

Ounces per gallon 
Zinc __________________________________ __ 8.9 

Sodium hydroxide ______________________ __ 8.8 

Sodium cyanide (total) _________________ __ 24 

Zinc was plated from the electrolyte using vari 
ous periodic reverse current cycles in accordance 
with the invention, and smooth plating of less 
roughness'than'the original base was deposited. 
By comparison zinc was plated by continuous 

direct current from. the same electrolyte at a 
current density of 5 amperes per square foot for 
30 minutes, and on a base member having an 
original surface roughness of 13 microinches, the 
zinc deposited had a surface roughness of 291/2 
microinches or an increase in roughness of 161/2 
microinches. 

Example IV 

'A periodic reverse current having a plating 
period of 90 seconds and‘ a deplating period of 60 
seconds is applied to the following electrolyte for 
plating brass: 

Grams per liter 
Copper cyanide _v_r_v_ ___________________ __ 30 

Zinc cyanide ___________ __~__~ ___________ __ 9.5 

Sodium cyanide 4.- __________ ___-_ ______ _-_____ 56 

Extremely smooth and level brass electrodeposits 
were secured. The deposits were approximately 
4 microinches smoother than the original base 
‘metal. 

Example V 

Cadmium is plated from the following electro 
lyte: 

Ounces per gallon 
Cadmium oxide _______________________ __ 3.5 

Sodium cyanide _______________________ __ 14.5 

Cadmium is plated from the electrolyte usingia 
periodically reversed current of 60 seconds plat 
ing period and‘at a current density ‘of 50 amperes 
per square foot and a-deplating period of 30 sec 
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ends at a current density of 40 amperes per 
square foot. Smooth, bright coatings of cad 
mium are produced. 

Example VI 

A silver electrolyte is prepared as follows: 

Grams per liter 
Silver cyanide _________________________ __ 40 

Potassium cyanide _____________________ __ 62 

Free potassium cyanide _________________ __ 40‘ 

Potassium carbonate ___________________ __ 50' 

Potassium hydroxide ___________________ __ 10 

A periodic reverse current having a plating period 
of 90 seconds at an average current density of 
15 amperes per square foot and a depleting 
period of 60 seconds at an average current 
density of 12 amperes per square foot is employed 
to electrodeposit smooth, level deposits of silver. 

Example VII 

An aqueous gold plating solution is prepared 
containing: ' 

Ounces per gallon 1 
Gold __________________________________ __ 0.5 

Free potassium cyanide _________________ __ 0.4 

Gold is electroplated therefrom using a periodic 
reverse current of 72 seconds plating at a current 
density of 10 amperes per square foot and a de 
plating period of 40 seconds at a current density 
of 5 amperes per square foot. Smooth, level 
deposits of uniform thickness are obtained. 

It has been found that the electrodeposition of 
metals using the longer current cycles as dis 
closed herein requires a relative movement of the 
electrolyte to the surface of the member. The 
reason for this is that due to the relatively long 
deplating time in each periodically reversed cur 
rent cycle of the present invention there may » 
occur a local depletion of ions that should be 
present adjacent the member to react with the 
metal being deplated to cause effective deplating 
thereof. Under conditions of local ion depletion, 
oxides tend to be produced on the surface of the 
member while it is being deplated. Such oxides 
have an inhibiting and detrimental effect upon 
the entire plating process. To prevent such 
eifects it is desirable to cause a relative motion 
between‘ the electrolyte and the member being 
plated of an amount of at least 1 foot a minute 
to provide a continuous supply of ions to the sur 
face of the member. Such relative motion may 
be secured by pumping the electrolyte around 
the member being plated or by vigorously stirring 
or agitating the ‘electrolyte so that it circulates 
to the required extent. With moving conveyor 
systems, the movement of the member being 
plated will be adequate if of the value of one foot 
a'minute or more. 

Sheet metal and wire may be plated satis 
factorily by the periodically reversed current 
cycle of the invention while being moved through ‘ 
the electrolyte at a speed of above 1 foot per‘ 
minute. It will be understood that commercially 
the electrolytes will be agitated at a much greater 
velocity in order to secure optimum results. We 
have obtained excellent electroplating on auto 
mobile bumpers and hardware by blowing air - 
through the electrolyte at ‘such a rate'that the 
velocity of the electrolyte is above 10 feet per 
minute over the surface of the member being 
plated. Extremely smooth and uniform electro- _, 
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deposits have been secured under these condi- ‘ 
tions. We have checked the thickness of electro- ' 
deposited copper on large automobile bumpers ' 

and have found the copper torvary less than-10%» 
over the entire portion of the bumper. With 
direct current plating, similar copper electro 
deposits have varied at least 2:1 in thickness. 

It will be appreciated that the electrolytes in 
the above examples are exemplary and not ex 
haustive. In general, it may be stated that any 
electrolyte from which the given metal may be‘ 
plated by continuous direct current may have 
applied to it periodic reverse current in accord 
ance with this invention and improved plating 
obtained. Various electrolytes from which 
brasses, bronzes, gold-copper, and other alloys 
may be plated are known and may be employed. 
The preparation of the base members to be 

plated with periodic reverse current should be 
such as to produce a chemically clean surface 
as is conventional in order to secure the desired 
adherence of the metal to the base member. ‘The ' 
preparation of the base member, therefore, may 
include brushing, grinding, sandblasting, shot 
blasting, degreasing, electrolytic cleaning and the I 
like. » Various types of base members may be 
plated. Metallic bodies on which metal may be’ 
plated from conventional electrolytes may be 
electroplated by periodic reverse current. Car- , 
bon and graphite forms may be electroplated. 
Electrotypes and electroforming base members 
consisting of wax or resinous patterns plated or 
coated with powdered graphite or precipitated 
silver may be electroplated as disclosed herein 
and the electrodeposited metal stripped there-* 
from. It will be found that electrotypes, molds 
and other electroformed members produced in 

' accordance with the present invention will give 
a superior reproduction of the surface. 
The electrodeposits produced by the use of 

periodic reverse current in accordance with the 
present invention may be plated subsequently 
with one or more other metals applied with simi 
lar periodic reverse current or by any other de 
sirable process such as by continuous direct cur 
rent. It is not necessary to use the same reverse‘ 
current cycle in plating, but plating may be 
initiated with one cycle, then another employed, 
or the cycle may be changed a number of times 
to secure the same desired effect. In many cases 
it has been found that the outstanding smooth 
ness of the electrodeposits of the present inven- - 
ition enables the plating of subsequent metals, 
even by continuous direct current or other con 
ventional process to great advantage since the 
smoothness of the surface bene?cially affects . 
the subsequent plating which is equally smooth,‘ 
Thus, we have been able to plate one layer of. 
metal in accordance with the periodic reverse 
current process set forth and thereafter plate 
thereon nickel and chromium by direct current, j 
and the nickel and chromium were so bright that 
‘no buf?ng was required. The periodic reverse 
current producesv metal deposits that are so 
homogeneous and free from pores and other 
?aws that they possess an improved corrosion 
resistance for a given thickness over the same 
metal applied by ‘continuous direct current. 

It is intended that all the matter contained in 
the above description shall be deemed to be il-._ 
lustrative and not limited. 
We claim as our invention: 
1. In the process of electroplating-copper on' 

a relatively rough surface of an electrically con 
ducting member, the steps comprising placing 
the member and an anode in contact with an 
alkaline copper electroplating electrolyte, passing 
through the member, the electrolyte and the: 
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anode a plurality of cycles of periodically re 
versed current, each cycle consisting of essential 
ly, ?rst, a plating electrical current applied for a 
period of time of from 45 to 300 seconds tc plate 
copper from the electrolyte on the member and, 
second, a deplating current applied for aperiod 
of time of at least 30% of the plating current 
period, the average deplating current density on 
the surface of the member being from 50% vto 
90% of the average plating current density, and 
the coulombs ‘delivered during the deplating 
portion of the cycle being from 30% to 95% of 
the coulombs delivered during the plating por 
tion of the cycle whereby a substantial portion 
of the metal plated during the previous plating 
portion‘of the cycle is depleted, and causing a 
relative movement of the member to the elecs 
trolyte of at least one foot a minute, the applied 
plurality'of cycles of periodically reversed cur 
rent producing a smooth level deposit ‘of plated 
copper that has aprogressive decrease in rough 
ness of at least 25% of the surface roughness 
per 0.001 inch of-copper plated, with areas near 
the edges having closely the same thickness ‘of 
copper as areas removed from the edges of the 
member. 

2. The process of claim 1 wherein the elec 
trolyte is an alkaline copper cyanide electrolyte 
containing from 0.0038 to 0.5’? ounce per- gallon 
of zinc. 

3. The process of claim 1 wherein the elec- 
trolyte is an alkaline copper cyanide electrolyte 
containing from 0.0038 to 0.57 ounce per gallon 
of zinc, and from 0.1 to ‘10 ounces per gallon of 
thiocyanate. 

4. In the process of electroplating successive 
deposits of copper and nickel on -‘ an electrically 
conducting member ‘having asurface of a rough 
ness of about from 13 to 1'7 microinches-R. ‘M. 8., 
the applied deposits being commercially accepta 
ble as to smoothness and levelness, without any 
polishing or buf?ng being applied to either of the 
plated deposits, the steps comprising, first, plat 
ing copper on the memherfrom a copper cyanide 
electrolyte by placing the member and an anode 
in contact with the electrolyte, passing'through 
the member,‘ the electrolyte and the anode a 
plurality of cycles of periodically reversed 'cur~ 
rent, each cycle consisting of essentially, ?rst, a/ 
plating electrical current applied for a period of 
time of from 45 to 300 ‘seconds to plate copper 
from the electrolyte on the member and, second.‘ 
a deplating current applied for a period of time 
of at least 30% of the plating current-period, the 
average deplating current density on the surface 
of the member being from 50%‘ to 90% of ‘the 
average plating current density, and the cou 
lombs delivered during theideplating portion-of 
the cycle being from 30% to 95% of the coulombs - 
delivered during the plating portion of the cycle 
whereby a substantial portion of the metal plated ' 
during the previous plating portion of‘ the cycle 
is deplate‘d, and passing'air through the elec 
trolyte to cause a relative movement of the elec 
trolyte to the member of at least one :foot a 
minute, the cycles of periodically reversed cur 
rent being continued until a deposit of copper of 
the order of 0.001 inch has been plated,'the thick 
ness of the plated copper being substantially the 
same over the entire surface plated, and, ‘second, 
plating a predetermined thickness of nickel over 
the. copper, the platedcopper having a surface 
roughnessof at least, 25% less than the original 
roughness ‘whereby the. subsequently applied 
nickel is smooth. 
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5. In the process of electroplating on an elec 
trically conducting member a metal from the 
group consisting of copper, silver zinc, cadmium, 
tin, gold and brass, from an electroplating elec 
trolyte thereof, the surface of the member being 
plated having a roughness of about from 13 to 
17 microinches R. M. S., the steps comprising 
placing the member and an anode in contact 
with the electrolyte and passing in series through 
the member, the electrolyte and the anode a 
plurality of cycles of periodically reversed cur 
rent, .each cycle consisting of essentialy, ‘first, a 
plating electrical current for a period of time of 
from 45 seconds to 300 seconds to plate metal 
from the electrolyte on the member and, second, 
a deplating electrical current for a period of 
time of at least 30% of the plating period, the 
average deplating current density on the mem 
ber not exceeding 90% of the average plating 
current density, and the coulombs delivered by 
the deplating current being between 30% and 
95% of the coulombs delivered during the plat 
ing portion of the cycle whereby a substantial 
portion of the previously plated metal is deplated, 
and passing air through the electrolyte to cause 
a movement of the electrolyte and the member 
relative to one another at a rate of at least one 
foot a minute, the applied plurality of cycles of 
periodically reversed current producing a deposit 
of plated metal at least 25% less rough than the 
surface of the member for a 0.001 inch of metal 
plated, the plated metal being of a closely uni 
form thickness over the entire surface plated. 

6. In the process of electroplating on-an elec 
trically conducting member a metal from the 
group consisting of copper, silver, zinc, cadmium, 
tin,‘ gold and brass, from an electroplating elec 
trolyte thereof, the surface of the member being 
plated having a roughness of about from 13 to 1'7 
microinches R. M. S., the steps comprising plac 
ing the member and an anode in contact with 
the electrolyte and passing in series through the 
member, the electrolyte and the anode a plural; 
ity of cycles of periodically reversed current, each 
cycle consisting of essentially, ?rst, a plating 
electrical current for a period of time of at least 
45 seconds to plate metal from the electrolyte on 
the member and, second, a deplating electrical 
current for a period of time of at leastr30% of the ' 
plating period, the average depleting current 
density on the member being from 50% to 90% of 
the average plating current. density, and the 
coulombs delivered by the deplating current be’ 
ing between 30% and 95% of the coulombs deliv 
ered during the plating portion of the cycle 
whereby a substantial portion of the previously 
plated metal is deplated, and causing a relative 
movement, of the electrolyte and the member 
relative to one another at a rate of at least one 
‘foot a'minute, the applied plurality of cycles of 
periodically-reversed current producing a deposit 
of plated metal of a roughness of at least 25% 
less rough than the surface of the member for a 
0.001 inch of metal plated, the plated metal be 
ing of- a closely uniform thickness over the entire 
surface plated. 

'7.‘ In the process of electroplating on an elec 
trically conducting surface of a member a metal 
from the group consisting of copper, silver, zinc, 
cadmium, tin, gold and brass, from an alkaline 
electroplating electrolyte thereof, the surface be 
ing of a roughness of about from 13 to 1'7 micro 
inches R. M. S., the steps ccmprising placing the 
member and an anode in contact ‘with the elec.-. 
trolyte and passing in series through the meme 
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her, the electrolyte and the anode a, plurality of 
cycles of periodically reversed current, each cycle 
consisting of essentially, ?rst, a plating electrical 
current for a period of time from 45 to 300 sec 
onds to plate metal from the electrolyte on the 
member and, second, a deplating electrical cur 
rent for a period of time of at least 30% of the 
plating period, the average deplating current 
density on the member not exceeding 90% of the 
average plating current density, and the coulombs 
delivered by the deplating current being between 
30% and 95% of the coulombs delivered during 
the plating portion of the cycle whereby a sub 
stantial portion of the previously plated metal is 
deplated, and passing air through the electrolyte 
to cause a movement of the electrolyte and the 
member relative to one another at a rate of at 
least one foot a minute, the applied plurality of 
cycles of periodically reversed current producing 
on the member a deposit of plated metal substan- - 
tially of a roughness of at least 25% less than 
the surface of the member on which it is plated 
for a 0.001 inch of metal plated, the plated metal 
having a desired thickness over the entire sur 
face plated. 

8. In the process of electroplating on a rela 
tively rough surface of an electrically conducting 
member a, metal from the group consisting of 
copper, silver, zinc, cadmium, tin, gold and brass, 
from an alkaline electroplating electrolyte there 
of, the steps comprising placing the member and 
an anode in contact with the electrolyte and pass 
ing in series through the member, the electrolyte 
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and the anode a plurality of cycles of periodically 
reversed current, each cycle consisting of essen 
tially, ?rst, a plating electrical current for a 
period of time from 45 seconds to 300 seconds to 
plate metal from the electrolyte on the member 
and, second, a deplating electrical current for a 
period of time of at least 30% of the plating pe 
riod, the average deplating current density on 
the member being between 50% and 90% of the 
average plating current density, and the coulombs 
delivered by the deplating current being between 
30% and 95% of the coulombs delivered during 
the plating portion of the cycle whereby a sub 
stantial portion of the previously plated metal is 

,- deplated, and causing a movement of the electro 
lyte and the member relative to one another at 
a rate of at least one foot a minute, the applied 
plurality of cycles of periodically reversed cur 
rent producing on the member a deposit of plated 
metal at least 25% less rough than the surface 
of the member to which it is applied for a 0.001 
inch of metal plated, the plated metal being of a 
closely uniform thickness over the entire surface 
plated. 
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