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This invention relates to a method of electro 
polishing metal surfaces. 
In my copending application Serial No. 474,437, 

filed February 2, 1943, now U. S. Patent No. 
2,416,294 (the disclosure of which is hereby in- ; 
corporated by reference and of which this appli 
cation is accordingly a continuation-in-part) a 
method of polishing netals is described Wherein 
the metal surface to be polished is made the 
anode in an aqueous electrolyte, containing a 
Soluble cyanide and Subjected to ain electrical 
potential difference (i. e., the terminal voltage 
measured betWeen the electrodes of the electro 
lytic cell) which is between that at which the 
metal Surface manifests a polishing effect and 
that at which a spontaneous flashing phenome 
non takes place or permanent filin formation 
occurs. The potential difference is then main 
tained substantially constant until the metal sur 
face acquires a polished surface, for example in 
a quiescent bath. This result may be further 
promoted by agitation of the anode or of the 
electrolyte, Without turbulence, and by preventing 
too close an approach of the anode to other solids. 

It is now discovered as disclosed in my co 
pending application Serial No. 727,452 that while 
a controlled, and constant potential difference 
across the electrolytic cell is a useful and desir 
able method for electropolishing of the metal an 
ode, When commercial application of the method 
is made the practical problem of accurately main 
taining the potential difference at a desired point 
is sometimes presented. 
As disclosed in my Said Copending application 

Serial No. 727,452 it is found that a potential dif 
ference across the cell, which is positively fluc 
tuated between predetermined limits of voltage 
and current density and in predetermined periods 
of fluctuation, results in an improved commercial 
method yielding reproducible polished surfaces 
comparable to those obtained by the method of 
holding the potential difference constant. The 
factor that is thus left to be closely controlled 
is that of time which, for commercial practice, 
is less costly than accurate voltage control. 
When a metal Surface-Which may, for exam 

ple, be a silver surface which has been formed 
by electroplating, in which operation it consti 
tuted the cathode-is made the anode of an elec 
trolytic cell, containing an alkaline cyanide in 5 
an aqueous electrolyte, and the imposed potential 
difference is varied from Zero upward, various 
changes in the appearance of the surface may 
be observed. 

Considering the Surface of only a very small 5 
area of the above anode when of Silver, for ex 
annple, the following sequence of changes appears 
to take place. As the voltage is increased, the 
current density increases and the surface is 
etched to a light grey color which remains up 
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to a point called herein the polarization point. 
This point marks a change in the relationship 
between further increase in potential difference 
with respect to increasing current density in that 
the current density no longer continues to in 
Cirease at the Sane rate. It may increase, but 
at a slower rate, or it may even not increase at 
all. If rnaintained at potential differences slightly 
above the polarization point the etched appear 
ance of the surface changes to one of Specular 
brightness and covering the surface is a light 
brown coloration which may be hardly visible. 
if the potential difference is increased, and the 
polished area is closely observed, the brown color 
ation Will be seen to become darker, though if the 
current is cut off or the anode. renoved from 
solution such discoloration disappears leaving the 
surface polished. As the potential difference is 
raised still further, a peculiarly unstable condi 
tion is usually encountered which is termed 
"spontaneous flashing.” In this region the brown 
discoloration noted above repeatedly and Spon 
taneously fades and returns giving the appear 
ance of fashing. The appearance when faded 
is one of light brown or grey. Above this poten 
tial difference there is a gradual change to a 
light grey coloration, which may be due to an 
etching effect; and upon increasing the potential 
difference, it becomes darker. These later colora 
tions which are formed at potential differences 
above the fiashing point, as contrasted with the 
brown coloration discussed previousy, are “per 
manent”---and especially that coloration which 
Occurs when the anode is maintained at a suf 
ficient potential difference and for a sufficient 
time tending to produce the dark grey coloration. 
t3y 'permanent' is meant that the coloration does 
not readily or completely disappear when the 
current is cut of or the anode removed from the 
ce. . . . 
The above discussion relates to a given very 

Small area of a silver anode surface. In practice 
it is observed that corners and sharp edges of 
the anode become polarized first because of higher 
current density at these points. Upon gradually 
increasing the potential difference the brighten 
ing and other effects on these parts as described 
above appear to precede such changes on 
other parts which are of lower current density. 
T’hus in the case of spoons the edges would ex 
hibit the Sequence of change first and the con 
cave center of the bowl would pass through the 
Sequence and hence receive its polish last. 
The observed relationships of potential differ 

ence to current density with respect to the elec 
trodes and the cell as a whole aretherefore aver 
ages of the Varying effects taking place through 
out the entire. Surface of the anode. This illus. 
trates why if voltage alone is controlled and 
constant, the potential difference at which tail 
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parts of a spoon, for instance, are brightened 
at one and the same time, is quite critical. It 
also illustrates: the fact that polishing action 
begins to take place on at least part of the anode 
at a voltage below that required to polarize the 
entire anode. 
The exact mechanism of the polishing phe 

nomenon is not understood, in its entirety, but 
appears to relate to the unequal dissolution of 
silver from protuberances as compared to de 
pressions in the surface, and to the continual 
formation of insoluble cyanides of the metal to 
be polished in the depression and the formation 
of soluble cyanides on the protuberances. 
But by whatever specific mechanism the polish 

ing operates this is the result, that the anode 
surface progressively develops a dependable and 
reproducible polish by the imposition of a posi 
tively controlled and fluctuated potential dif 
ference thereon as above described, as contrasted 
with an unreproducible Surface if uncontrolled 
voltages or current densities are allowed, as in 
the Spontaneous flashing phenomenon. 

Agitation of the electrolyte (preferably with 
out turbulence of the electrolyte) appears to 
lower the resistance (increase the conductivity) 
of the system, causing a higher current density 
at a given potential difference, and effectively 
promotes the polishing action of the cell. 
The process may be carried out by varying 

the voltage in any of a number of ways. There 
are, however, certain limitations which should 
be observed. Excessive time either in the region 
below the polarization point or in the region 
of permanent discoloration is to be avoided. 
While the time period or periods of fluctuation 
may be varied, no advantage is obtained by too 
long a period of fluctuation. Short periods of 
fluctuation are sometimes more effective to de 
velop the polishing action and the polished sur 
face on the anode most satisfactorily. 
The principal advantage of the present process 

is the elimination of the necessity for close con 
trol of a constantly maintained voltage. More 
over the positively controlled fluctuation of the 
Woltage into the regions above and/or below the 
polishing range are not only permissible but 
found to be advantageous because easier from 
the standpoint of practical operations. It has 
been found that best polishing results are ob 
tained if the voltage is not within Such regions 
for a prolonged or dominant proportion of the 
time of each fluctuation period but is varied 
substantially all the operating time and pre 
dominantly or completely within the polishing 
range. 
Typical examples were carried out in which 

the potential difference was gradually increased 
and the values of the voltage and current density 
were obtained and the characteristic qualities 
of the anode surface were observed. The results 
are plotted in the graphs of the accompanying 
figures showing typical relationships of voltage 
and amperage for the various metals to which 
the invention is applicable and Successive regions 
of increasing voltage thereon are labelled A, B 
and C. 

Fig. 1 presents the results obtained with a silver 
cyanide electrolyte containing 0.3 molali silver 
and about 0.29 molal free cyanide (above that 
required to form KAg (CN)2 with the silver pres 
ent) and 0.1 molal K2CO3, by imposing a grad 
ually increasing potential difference between the 
anode and cathodes in a quiescent bath; 

Fig. 2 shows results obtained with silver in an 
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4 
electrolyte containing 5% KCN (about % mola1) 
with no appreciable silver cyanide or potassium 
carbonate, in a quiescent bath; 

Fig. 3 shows” results for'' the • Same 5 % . KCN 
bath but here the silver anode is agitated in a 
continuous circular path at a linear speed of 14 
feet per minute, with the results shown in the 
graph to the right, while the results plotted in 
the graph to the left are quiescent conditions 
of the electrolyte between the electrodes and of 
the anolyte and anode specifically; 

Figs. 4 to 8 inclusive contain graphs of results 
obtained similarly to those described in respect 
of Fig. 3, With bronze, copper, cadmium, zinc 
and nickel silver respectively. 

Referring to Fig. 1, in-particular, relating to 
silver, region. A represents the low, voltage... and 
low. Current. density region in which etching pre 
dominates, region B is the polishing region, and 
region C, the flashing and/or permanent colora 
tion region. As previously explained, though 
these regions... are: Sharply, separated on the 
graphs-in general, the effects in one may persist 
into the near parts of the adjacent regions. 

Regions B and. Cof graph 1 have been sub 
divided typically into subdivisions B1, B2 and into 
C1, C2 and C3, respectively. The upper region of 
permanent color formation C shows three, slightly 
different effects: in the subdivisions, labelled C1, 
C2 and C3, respectively. In C3, while the current 
is On, a definitely dark-grey coloration gradually 
forms which is permanent and may become 
physically-separable from the solid metal sur 
face. If voltage is applied suddenly in this re 
gion, a period of time, sometimes: a few seconds, 
is required before the coloration becomes per 
manent. The surface. turns - a dark grey when 
first Withdrawn from the bath. Part of the dark 
grey film turns to...a... light grey. and the silver 
Surface appears to be etched under the micro 
scope but part of the dark grey film remains 
dark, and Withstands considerable abrasion and 
withstands at least a few minutes' contact with 
nitric acid. This dark...permanent, film can be 
scratched off of the surface with a probe and 
under-the-microscope appears to be a black pre 
cipitate-probably of silver oxide. 

In C2 a permanent coloration is formed after 
a... short time, which is grey to dark grey and 
which does not readily redissolve, or disappear 
upon sharp reduction of the potential difference 
or cutting off of the current altogether. The 
lighter grey sometimes appears to be a fine etch 
ing of the surface. It also represents the pre 
ferred upper limit for the positively imposed 
fluctuations: of potential difference for polishing 
purposes to avoid the tendencies of permanent 
film formation. 

In C1 the anode" may upon continued mainte 
nance of the potential difference undergo the 
Spontaneous fashing phenomenon over the whole 
Surface.or parts of it and with very rapid alterna 
tions to Very Slow alternations, but without ac 
curate prediction, duplication or control. Such 
flashing may be arrested by, for example, shut 
ting off the current or by increasing the poten 
tial difference up into or above the regions C2 or 
C3ºor do Wn into region B2, B1 lor. A. 
The electrical power source in the particular 

instances above plotted had a rated capacity of 
25 amperes, 6 volts' D. C. The voltage and am 
perage simultaneously fluctuated with the spon 
taneous flashing effect. Thus as the brown dis 
Coloration fades, the current rises and the volt 
age falls: Then the coloration reappears, the 



5 
Current falls and the voltage rises. This is what 
might be expected if the coloration were an in 
Sulating film. This cycle of changes is repre 
Sented in Fig. 1 by the sloping dotted lines of re 
gion C1; each dotted line schematically repre 
Sents the change. in the voltage-amperage rela 
tionship during the flashing cycle. Each line 
corresponds to a different setting of the applied 
voltage source. . . . . . . . . . 

In Zone B, two polishing effects are noted, and 
labelled B1 and B2. In subdivision B2 the entire 
anode develops a uniform polish. A brown col 
oration covers the surface. This coloration is 
dark brown at the higher voltages of region E: 
and lighter brown at lower voltages. If the cur 
rent is lowered or the anode removed from the 
Solution this coloration disappears to leave the 
surface polished. . - 
The subdivision-Bi is generally that range of 

potential differences in which the anode surface 
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this short interval, enhanced polishing is ob 
tained because of increased dissolving action on 
the highest protuberances. In any case, during 
the remaining part of the cycle, which includes 

0 

operation at voltages outside this region, the volt 
age preferably should not be maintained thus for 
a period of time. Sufficient for formation of the 
permanent discoloration, etching, or spontaneous 
flashing. As in my previous application, Serial 
No. 474,437, the region of permanent discolora 
tion is that voltage region above (or below) the 
polishing region which produces a discoloration 
on the metal Surface, which persistS when the 

ShoWS tendencies to acquire polishing preferen 
tially at the margins or corners while the center 
is usually at lower current density and thus is 
less polished than the edges. 
The other graphs show.similar regions A, B and 

C which have the same general characteristics as 
those described with reference to Fig. 1. The 
flashing phenomenon was not observed however 
and therefore does not appear in the graphs. 
The boundaries between different regions are 

not sharp because the effect in one region grad 
uates somewhat into that of the next, as pre 
viously mentioned. . . . . 

Polishing operations were carried out on silver 
anodes in electrolytes or compositions, as given 
in the legends indicated upon the accompanying 
graphs, with various ranges of imposed fluctua 
tions of potential difference, as indicated below. 

Fig. 2 illustrates typical voltage-amperage re 
lationships for a silver anode in a 5% KCN bath 
with no agitation. A polish was obtained by ap 
plying a voltage of 3.5 for 5 seconds, rapidly rais 
ing to 3.7 volts and holding there for 5 seconds, 
then rapidly lowering to 3.5 volts for 5 seconds, 
etc., he anode Showed a brown discoloration 
when in the solution and this discoloration varied 
in intensity as the voltage varied. Similar re 
Sults were obtained in an identical experiment 
which was like the above except that the time at 
3.7 volts was 10 seconds instead of 5; the time at 
3.5 volts was 5 seconds. 

Fig. 3 illustrates voltage amperage relationship 
for a silver anode in a 5% KCN bath, the anode 
being agitated in a continuous circular path at a 
rate of 14 feet per minute. A voltage of 2.7 was 
applied for 5 seconds and raised rapidly to 4.6 
for 5 seconds, then lowered back to 2.7 for 5 Sec 
onds, etc., and this cycle repeated for a total of 
2 minutes. The anode appeared grey when at 
2.7 volts and brown when at 4.6 volts. The anode 
developed a polish which was better when with 
drawn after the 4.6 volt part of the cycle. When 
the cycles were lengthened to 15 seconds, the 
same results were obtained except that the polish 
was superior. 

Results indicate that preferred polishing effect 
is obtained if a substantial part or all of the cycle 
of voltage and/or current density includes opera 
tion at a voltage above the polarization point and 
below the point at which permanent discolora 
tions would eventually be formed. AS pointed 
out above a short period of time is required, after 
applying a voltage sufficient to cause eventual 
permanent film formation, before a permanent 
film is actually obtained. It appears that during 
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metal is withdrawn from the bath, as contrasted 
with the discoloration, either brown or some 
times grey in the case of silver, which disappears 
almost instantly when the work is withdrawn 
from the bath or the current is cut off or varied, 
to leave a polished or slightly milky surface. 

Fig. 5 shows relationships for copper in 5% 
KCN. A voltage of 1.8 was applied for 10 Seconds, 
quickly raised to 2.8 for 10 seconds, lowered to 1.8 
for 10 seconds, etc., for a total of 2 minutes, and 
the polishing effect obtained. These voltages cor 
respond to the upper part of region A and B, re 
spectively. In another run, a voltage of 2.8 Volts 
was applied for 5 seconds and then cut off com 
pletely for 5 seconds, reapplied for 5 seconds, etc. 
for a total of 2 minutes and a polishing effect WaS 
obtained. . 

It may therefore be pointed out from the fig 
ures and foregoing description of resultS. that by 
positively fluctuating the potential difference 
across an electrolytic cell in which the anode 
surfaces are of the metal to be polished and the 
electrolyte contains a soluble cyanide (which is 
also a solvent of the metal) either continuously 
or abruptly, and either of equal or of predeter 

- mined degrees of variation of the cycle, but in 
cluding preferably for a Substantial part of the 
cycle a range of values of potential difference 
above that at which a tendency to polishing is 
observed and below that at which permanent dis 
coloration occurs, the surface of the anode is de 
veloped with a light-reflective quality and mirror 
characteristics. The period of such fluctuations 
may also Vary. 

In addition to the metals. Specifically referred 
to above, the present invention is also applicable 
to alloys consisting of the metals Silver, copper 
and cadmium, and also to surfaces of brass. 
Supplemental to the foregoing observations and 

discoveries, with respect to the anodic polishing 
of metals by imposing a fluctuating potential dif 
ference upon the cell (either with continuousagi 
tation of the electrolyte or in a quiescent bath), 
which is disclosed and claimed in a co-pending 
application filed February 8, 1947, Serial No. 
727,452, it is now further found that by imposing 
a fluctuating agitation. upon the electrolyte, es 
pecially etween the electrodes or in the anolyte 
Surrounding the anode surface to be polished, or 
agitating the anode surface, or both, certain ad 
Wantages are also obtained. 
in this aspect of the invention, voltage-current 

density relationships were obtained with anodes 
of different metals in a 5% ECN bath under con 
ditions of no agitation and also with agitation 
by rotation at a constant circular speed. The 
results of these experiments are plotted in the ac 
conpanying figures showing typical relationship 
of voltage and current density for the si various 
metals to which the invention is applicable, as 
above described. ". 
A series of experiments is described below 
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wherein the polishing effect on the anode caused 
by changes in rates of agitation of the anode With 
respect to the electrolyte has been determined. 
The general procedure of these experiments 

Was as follows: 
The anode - was placed ilin the bath and condi 

tions of voltage, current density, and agitation 
rate adjusted to one set of conditions, the polish 
ing region for instance. Then the agitation rate 
was fluctuated (which caused fuctuating changes 
in anodic conditions accordingly) Such that for 
a substantial part of the time the Operation Was 
rin the polishing region as above Set forth. 

It was also noted that a period of time, from a 
fraction of a second to several minutes, is usually 
required for conditions to reach equilibrium after 
each change of agitation. This phenomenon is 
more marked when agitation rate is decreased 
than when agitation is increased. During the pe 
riod of time immediately after agitation rate is 
decreased and conditions of permanent Coloration 
are approached enhanced polishing action may 
be observed, thus operation for short periods in 
this region in which permanent colorations would 
be formed was found permissible and in Some 
cases was preferred, providing the time Was kept 
short enough to avoid the formation of damaging 
permanent colorations. 
A typical polishing procedure With fluctuating 

agitation followS. 
A pure silver anode was placed in the bath of 

5%. KCN, and rotated at a Surface Speed of 14. 
feet per minute with a potential difference of 
4.0 volts resulting in an anodic current density 
of 58, amps. per sq. ft., corresponding to in the 
polishing region of the right-hand graph on Fig. 
3, for 15 seconds. The agitation was then Stopped 
for 15 seconds and the voltage and current density 
were observed consequently to approach those 
values indicated by 2 on the left-hand graph of 
Figure 3 in the permanent film region. Alternate 
agitation and no agitation cycles of 15 Seconds 
each were maintained for 2 minutes after which 
the anode was removed, rinsed and diried. The 
anode was observed to be polished an estimated 
one-half perfect mirror. 
Another experiment in which the same rate of 

agitation, voltage and current values obtained, 
but the timing was different. The silver anode 
was agitated for 14 seconds, held Stationary for 
1 second and this cycle continued for 2 minutes. 
The anode was observed to be polished about 
one-half mirror. 
The same anode was also alternately rotated 

at 14 ft. per minute for 5 seconds at a voltage 
of 2.7 volts, current of 39 amps. per Sq. ft. cor 
responding to 3 on the right-hand graph of Fig. 
3 in the etching region, then held Stationary 
for 25 seconds during which time the Voltage 
and current approached those indicated by 
on the left-hand graph of Fig. 3 and repeated 
for 2 minutes. The anode was then found to be 
lustrous but not as lustrous as the foregoing 
ºUS. 

Fig. 4 presents a graph of the conditions and 
results obtained with an anode Surface of cont 
mercial bronze. The electrolyte Was Subjected 
to fluctuations of agitation of 15 seconds With 
agitation and 15 seconds without agitation, and 
14 seconds with agitation and 1 Second Without 
agitation for 2 minutes. Thereupon the poten 
tial difference and current density varied be 
tween points í and 2 and polish of approxi 
mately A, mirror was obtained in each case over 
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8 
two-thirds to three-quarters of the anode SUIl’- 
face. . . ' ' . . . 

By subjecting the electrolyte to fluctuations 
of 5 seconds of agitation and 25 seconds with 
out agitation for 2 minutes, polishing Was Ob 
tained, which was better on the corners of the 
anode and the potential difference and current 
density varied between the points 3 and 4. 

Fig. 5 shows typical curves of voltage vs. cur 
rent density for a copper anode. A polishing ef 
fect was observed after 2 minutes of alternate 
agitation (15 Second rotation and 15 Second 
stationary) between points and 2 on the right 
hand and left-hand graph 1, respectively of Fig. 
5. 14 second rotation alternated With 1 second 
stationary in the Same region for 2 minutes pro 
duced a better polish. 
A polishing effect was also obtained when the 

anode was alternately agitated for 5 seconds 
and held stationary for 25 seconds at points 3 
and 4 of Fig. 5 for copper. 
Typical curves for a cadmium anode are shown 

On Fig. 6. Cycles of 15 seconds rotating 15 sec 
onds stationary for 2 minutes total, and also 14 
seconds rotation, 1 second stationary for 2 min 
utes gave potential differences and current den 
sities alternating between points f and 2. 
Periods of 5 seconds rotation and 25 seconds sta 
tionary at 3 and 4 produced a third to quarter 
mirror polish on the cadmium anode. 

Fig. 7 shows curves typical of cold rolled zinc. 
Alternate rotation and then stationary cycles 
of 15-15 and 14-1 seconds between points and 
2 and 5-25 seconds between 3 and 4 produced a 
luster on the zinc anode. 

Fig. 8 shows curves for nickel-silver alloy. 
The slanting lines On the stationary curves are 
representative of spOntaneous flashing observed. 
Polishes of 4 to /2 mirror were obtained when 
a piece of nickel silver alloy was alternately 
rotated and stopped for 2 minutes in cycles of 
15 seconds rotation, 15 seconds stopped, and 14 
Seconds rotation, 1 second stopped, at points in 
dicated by and 2 on the chart. A polishing 
effect which was better on the corners of the 
anode Was noted when rotated at a voltage rep 
resented by point 3 of Figure 8, 5 seconds and 
Stopped (point 4) for 25 seconds alternately for 
2 minutes total time. 
The Specific cycle is not a critical factor. It 

is to be understood that other variations in agi 
tation, for example cycling between 28 feet per 
minute and 14 per minute, agitation would pro 
duce Variations in voltage in a similar manner 
and anode polishing Would be obtained. 

In the adaptation of the invention for vari 
OuS purp0Ses and under Specific conditions of 
equipment and Operation, numerous combina 
tions will present themselves from the above 
disclosure which the invention is especially ef 
fective in accommodating. 

For example, if it is desired to conduct the 
proceSS SO that it will draw a substantially con 
Stant load from the source of electric current, 
this may be very readily done, and at the same 
time Serve the purposes of the present pro 
cedure very advantageously. Thus, the poten 
tial difference may be divided or the current 
may be divided between two or more cells of 
Substantially, equal resistance under analogous 
Conditions of Operation by connecting them in 
Series or parallel and interposing an alternating 
or OScillating Switch between them by which the 
potential difference and/or current through one 
cell is reduced (and by the same degree) as the 
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potential difference and/or current through the 
other cell is increased-and vice versa, substan 
tially complementary to each other at all times. 
A similar adjustment of the power require 

ments may be effected by fluctuating the po 
tential difference and/or current through the 
cell and the potential difference and/or currenti, 
through the motor driving the agitating mech 

COmple-. 
- . . . . . . . 10 Equilibrium in the etching, polishing or per 

anism and thus operating all three in 
mentary Synchronism. . . . . . 

manent coloration region; as discussed above, is 
that condition which, if it were maintained with 
out change, would develop a gradual permanent 
etching, polishing or permanent coloration re 
spectively of the metal anode surface. - - 
As indicated above and exemplified in a num 

ber of instances described, fluctuations in the 
agitation of the electrolyte (or of the anode 
with respect to the electrolyte) include periods 
of quiescence, as well as variations in the de gree of agitation imposed upon the electrolyte 
or the anode with respect to the electrolyte. 

Likewise, it may be emphasized from the fore 
going disclosure and data, that while changing 
the rate of agitation, thereby to shift the po 
tential difference-current density values, with 
in the polishing region, is effective to promote 
polishing and enhance the degree of luster ob 
tained on the anode surface, a wider degree of : 
fluctuation in the rate of agitation causing a 
correspondingly greater shift in the potential 
difference-current density values and hence 
carry them outside of the polishing region into 
the other region designated, will still further 
enhance the polishing effect 
process on the anode surface. 

claim: 
1. Method for the anodic polishing of silver, 

copper, cadmium, alloys consisting of these 
metals, brass, zinc and nickel silver in an elec 
trolytic cell containing a cyanide bath in which 

and results of the 

the rate of agitation of the anode with respect 
to the electrolyte affects the potential differ 
ence-current density curve and the location of the equilibrium etching, polishing and perma 
nent coloration regions with respect to Said 
curve, said method comprising the steps of Set 
ting up an initial agitation of such metal With 
respect to the electrolyte, applying a potential 
difference between the anode and the cathode, said potential difference being in the equilibrium 
polishing region, cyclically changing said rate 
of agitation to shift the resulting potential dif 
ference-current density values to a point out 

5. 

10 
of time short enough to avoid the formation of 
an etch or a permanent coloration, cyclically 
changing said rate of agitation to shift the re 
Sulting potential difference-current density values 
to a point Within said equilibrium polishing re 
.gion and repeating said cycle until at least a por 
tion of the anode acquires a polish. - 

3. Method for the anodic polishing of silver in 
an electrolytic cell containing a cyanide bath in 
which the rate of agitation of the anode with 
respect to "the electrolyte affects the potential 
difference-current density curve and the loca 
tion of the equilibrium etching, polishing and 
permanent coloration regions with respect to said 

ls curve, said method comprising the steps of set 
ting up an initial agitation of such metal with 
respect to the electrolyte, applying a potential 

20. 

difference between the anode and the cathode, 
said potential difference being in the equilibrium 
polishing region, cyclically changing said rate of 
agitation to shift the resulting potential differ 
ence-current density values to a point outside 
said polishing region for a period of time short 

40 

enough to avoid the formation of a permanent 
etch or a permanent coloration, and repeating 
said cycle until at least a portion of the anode 
acquires a polish. . . . 

4. Method for the anodic polishing of silver in 
an electrolytic celi containing a cyanide bath in 
which the rate of agitation of the anode with 
respect to the electrolyte affects the potential 
difference current density curve and the location 
of the equilibrium etching, polishing and per 
manent coloration regions with respect to il said 
curve, Said method comprising the steps of set 
ting up an initial agitation of such metal with 
respect to the electrolyte, applying a potential, 
difference between the anode and the cathode, 
said potential difference being in one of said 
regions outside said equilibrium polishing region 
for a period of time short enough to avoid the 
formation of an etch or a permanent coloration, 
cyclically changing said rate of agitation to shift 
the resulting potential difference-current density 
values to a point within said equilibrium polish 
ing region and repeating said cycle until at least 
a portion of the anode acquires a polish. 

5. Method for the anodic polishing of copper, 
in an electrolytic cell containing a cyanide bath 
in which the rate of agitation of the anode with 
respect to the electrolyte affects the potential 
difference-current density curve and the loca 
tion of the equilibriuin etching, polishing and 

side said polishing region for a period of time, 
short enough to avoid the formation of a per 
manent etch or a permanent coloration, and 
repeating said cycle until at least a portion of 
the anode acquires a polish. 

2. Method for the anodic polishing of Silver, 
copper, cadmium, alloys consisting of these 
metals, brass, zinc and nickel Silver in an elec 
trolytic cell containing a cyanide bath in which 
the rate of agitation of the anode with respect 
to the electrolyte affects the potential difference 
current density curve and the location of the 
equilibrium etching, polishing, and permanent 
coloration regions with respect to said curve, Said 
method comprising the steps of Setting up an 
initial agitation of such metal with respect to 
the electrolyte, applying a potential difference 
between the anode and the cathode, Said poten 
tial difference being in one of Said regions out 
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repeating said cycle until at 

permanent coloration regions with respect to 
Said. Curve, Said ninethod comprising the steps of 
setting up an initial agitation of such metal 
with respect to the electrolyte, applying a poten 
tial difference between the anode and the cath-. 
odie, said potential difference being in the equi 
librium polishing region, cyclically changing said 
rate of agitation to shift the resulting potential 
difference-current density values to a point out 
side said polishing region for a period of time . . . . . . . 
short enough to avoid the formation of a per 
manent etch or a permanent coloration, and 

least a portion of 
the anode acquires a polish. 

6. Method for the anodic polishing of copper 
in an electrolytic cell containing a cyanide bath 
in which the rate of agitation of the anode with 
respect to the electrolyte affects the potential 
difference-current density curve and the location 
of the equilibrium, etching, polishing and per 
manent coloration regions with respect to said 

side said equilibrium polishing region for a period 75 curve, said method comprising the steps of set 
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ting up an initial agitation of such metal with 
respect to the electrolyte, applying a potential 
difference between the anode and the cathode, 
said potential difference being in one of said re 
gions outside said equilibrium polishing region 
for a period of time short enough to avoid the 
formation of an etch or a perimanent coloration, 
cyclically changing said rate of agitation to Shift 
the resulting potential difference-current density 
values to a point within said equilibrium polish 
ing region and repeating said cycle until at least 
a portion of the anode acquires a polish. 

7. Method for the anodic polishing of an alloy 
consisting of silver and copper in an electrolytic 
cell containing a cyanide bath in which the rate 
of agitation of the anode with respect to the 
electrolyte affects the potential difference-cur 
rent density curve and the location of the equi 
librium etching, polishing and permanent colora 
tion regions with respect to said curve, Said 
method comprising the Steps of Setting up an 
initial agitation of such metal with respect to 
the electrolyte, applying a potential difference 
between the anode and the cathode, said poten 
tial difference being in the equilibrium polish 
ing region, cyclically changing Said rate of agi 
tation to shift the resulting potential difference 
current density values to a point outside Said 
polishing region for a period of time short enough 
to avoid the formation of a permanent etch Or 
a permanent coloration, and repeating said cycle 
until at least a portion of the anode acculires a 
polish. 

8. Method for the anodic polishing of an al 
loy consisting of Silver and copper in an electro 
lytic cell containing a cyanide bath in which 
the rate of agitation of the anode with respect 
to the electrolyte affects the potential difference 
current density curve and the location of the 
equilibrium etching, polishing and permanent 
coloration regions with respect to said curve, 
said method comprising the steps of setting up 
an initial agitation of such metal with respect 
to the electrolyte, applying a potential difference 
between the anode and the cathode, said po 
tential difference being in one of said regions 
Outside Said equilibrium polishing region for a 
period of time Short enough to avoid the forma 
tion of an etch or a permanent coloration, cy 
clically changing said rate of agitation to shift 
the resulting potential difference-current density 
values to a point Within said equilibrium polish 
ing region and repeating said cycle until at least 
a portion of the anode acquires a polish. 

9. Method for the anodic polishing of brass 
in an electrolytic cell containing a cyanide bath 
in which the rate of agitation of the anode With 
respect to the electrolyte affects the potential 
difference-current density curve and the loca 
tion of the equilibrium etching, polishing and 
permanent coloration regions with respect to 
Said curve, said method comprising the steps of 
Setting up an initial agitation of such metal 
With respect to the electrolyte, applying a po 
tential difference between the anode and the 
cathode, said potential difference being in the 
equilibrium polishing region, cyclically changing 
Said rate of agitation to shift the resulting po 
tential difference-current density values to a 
point outside Said polishing region for a period 
of time short enough to avoid the formation of 
a permanent etch or a permanent coloration, 
and repeating Said cycle until at least a portion 
of the anode acquires a polish. 

10. Method for the anodic polishing of brass 
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in an electrolytic cell containing a cyanide bath 
in which the rate of agitation of the anode with 
respect to the electrolyte affects the potential 
difference-current density curve and the loca 
tion of the equilibrium etching, polishing and 
permanent coloration regions with respect to 
Said curve, said method comprising the Steps of 
setting up an initial agitation of such metal 
with respect to the electrolyte, applying. a. po 
tential difference between the anode and the 
cathode, Said potential difference being in one 
of Said regions outside said equilibrium polishing 
region for a period of time short enough to 
avoid the fol'rnation of an etch or a permanent 
cCloration, cyclically changing said rate of agi 
tation to shift the resulting potential difference 
Current density Values to a point within said 
equilibrium polishing region and repeating said 
Cycle until at least a portion of the anode ac 
quires a polish. - 

11. Method for the anodic polishing of nickel 
silver in an electrolytic cell containing a cyanide 
bath in which the rate of agitation of the anode 
With respect to the electrolyte affects the po 
tential difference-current density curve and the 
location of the equilibrium etching, polishing 
and permanent coloration regions with respect 
to Said curve, said method comprising the steps 
of Setting up an initial agitation of such metal 
with respect to the electrolyte, applying a poten 
tial difference between the anode and the cath 
ode, Said potential difference being in the equi 
librium polishing region, cyclically changing 
Said rate of agitation to shift the resulting po 
tential difference-current density values to a 
point outside said polishing region for a period 
of time short enough to avoid the formation 
of a permanent etch or a permanent coloration, 
and repeating said cycle until at least a portion 
of the anode acquires a polish. 

12. Method for the anodic polishing of nickel 
silver in an electrolytic cell containing a cyanide 
bath in which the rate of agitation of the anode 
With respect to the electrolyte affects the poten 
tial difference-current density curve and the 
location of the equilibrium etching, polishing 
and permanent coloration regions with respect 
to Said Curve, Said method comprising the steps 
of Setting up an initial agitation of such metal 
With respect to the electrolyte, applying a po 
tential difference between the anode and the 
Cathode, Said potential difference being in one 
of Said regions outside said equilibrium polish 
ing region for a period of time short enough to 
avoid the formation of an etch or a permanent 
coloration, cyclically changing said rate of agi 
tation to shift the resulting potential difference 
Current density values to a point within said 
equilibrium polishing region and repeating said 
Cycle until at least a portion of the anode ac 
quires a polish. 

SAMUEL E. EATON. 
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