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UNITED STATES PATENT oFFICE 
2,645,61 

METHOD of AND BATHFOR ELECTROLYTIC 
POLISHING 

Willard G. Axtell, Denver, Colo., assignor to 
Shwayder Bros., Inc., Denver, Colo., a corpo 
ration of Colorado 

Application September 20, 1948, Serial No. 50,068 
(C. 204-140.5) 18 Claims. 

1. 
This invention relates to a method of and ap 

paratus for, and also an electrolyte or bath used 
in, the electrolytic polishing of metals and al 
loys, including brass and also copper and other 
copper alloys, such as German silver, nickel silver 
and bronze, and certain other metals and alloys, 
Such as stainless steel, nickel-copper alloys, Such 
as Monel metal, cobalt-chromium-tungsten al 
loys, as of the "Stellite' type, nickel-molybde 
num-iron alloys, as of the "Hastelloy A' and 
'Hastelloy B' types, nickel-molybdenum-chro 
mium-iron alloys, as of the “Hastelloy C' or “Wi 
tallium' types, and others. 

Mechanical polishing of the Surface of an ar 
ticle often requires difficult and costly grinding 
and buffing operations, particularly for articles 
having intricate or irregularly curved surface 
portions. Also, as a result of mechanical polish 
ing, particles of abrasive may be embedded in the 
surface, and the heat developed during polishing 
sometimes adversely affects portions of the Sur 
face. However, with a proper electrolyte and 
suitably controlled conditions, the object to be 
polished being the anode, intricate or irregular 
ly curved surfaces are readily polished electro 
lytically, in accordance with this invention. 
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The electrolytic polishing of metal, particu 
larly stainless steel, has only recently received 
considerable attention from metallurgists and 
others interested in producing, by electro 
chemical reaction, a lustrous finish. On Various ar 
ticles. A brightly polished but uniformly etched 
Surface was stated to be produced on ferious Ina 
terials, in U. S. Patent No. 1,658,222, but the 
treatment was used in preparation for nickel 
plating, and the etched surface produced ap 
parently did not have a sufficiently uniformly 
smooth surface to attract general interest in elec 
trolytic polishing, per se. Thus, it was apparent 
ly not until after an article by Jacquet appeared 
in “Transactions of the Electrochemical Soci 
ety,' vol. 69, page 629 (1936), that wide general 
interest in the process was established. While 
this Jacquet article related to the electrolytic 
treatment of copper in aqueous solutions of phos 
phoric acid, in Jacquet French Patent No. 707,526, 
the electrolyte consisted of orthophosphoric acid 
and ether, for copper; and perchloric acid and 
glacial acetic acid, for nickel, aluminum, zinc, 
iron, lead and tin. 
Because of the interest in the polishing of stain 

less steel, and the above disclosure of perchloric 
acid as a principal constituent of the electrolyte, 
'a large amount of work and a considerable num 
ber of electrolytes involving perchloric acid were 

30 

2 
developed. However, perchloric acid is an ex 
tremely critical material to handle, and there 
have been several instances in which loss of life 
has been occasioned by explosions in plants us 
ing perchloric acid for electrolytic polishing pur 
poses. An electrolyte consisting of phosphoric 
acid and ether is generally unsatisfactory for 
commercial purposes, due not only to the tend 
ency for the ether to evaporate and reduce the 
useful life of the solution, but also to the haz 
ard to workers due to the presence of ether va 
pors in the air. 
While it is possible to electrolytically polish a 

flat surface of an article, in an aqueous Solution 
of phosphoric acid, it is difficult and often in 
possible to secure satisfactory results, in the case 
of irregularly curved and shaped articles, or even 
on both sides of a flat article simultaneously. 
Also, the majority of previous electrolytes con 
taining phosphoric acid also contained a stronger 
acid, such as Sulfuric acid, but these were ap 
parently developed for polishing stainless steel 
and experiments indicated that such electrolytes 
produced etching rather than polishing of braSS 
and other copper alloys. Such experiments also 
indicated that none of the previous electrolytes 
are completely satisfactory for commercial op 
erations, particularly in which relatively unskilled 
labor is used, rather than laboratory trained 
technicians or scientists, due to a short Solution 
life or relatively narrow critical ranges of tem 
perature or other operating conditions, in addi 
tion to those which are unsatisfactory due either 
to hazards involved in handling the electrolyte 
or its components, such as those containing per 
chloric acid, or the hazards involved in fumes due 
to the volatility of a component of the electro 
lyte, such as those including ether. 
Among the objects of the present invention are 

to provide a novel electrolyte or bath and method 
of electrolytically polishing articles of brass and 
also certain other metals and alloys; to provide 
Such a bath and method which can be used in 
polishing curved and irregular. Surfaces, as well 
as both sides of an article simultaneously; to 
provide such a method which can be carried out 
by non-technical workmen; to provide such an 
electrolyte which has a relatively long life; to pro 
vide such an electrolyte which does not produce 
noxious or dangerous fumes or vapors and which 
contains no components which are dangerous to 
handle or tend to produce explosions; to provide 
such a method and electrolyte which will operate 
Successfully over a relatively Wide range of tem 
perature, and which does not require extremely 
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accurate control of voltage or current density; to 
provide a novel method of polishing and then 
producing a desired color of the polished Surface 
of an article formed of brass, bronze or the like; 
and to provide such a method by which the pol 
ishing results can be duplicated with regularity 
and is therefore applicable to mass production. 

Additional objects and the novel features of 
this invention Will becoine apparent from the 
description which follows. 
The novel electrolyte, or bath for electrolytic 

polishing, of this invention may consist, in One 
preferred form, of the following constituents, in 
the approximate proportions indicated, by Wol 
le: 

Proportion 
Constituent percent y 

Orthophosphoric acid 85% (H3PO-H2O)------------ 41, 5 
Glycerin or glycerol (1,2,3-propanetriol)--- - 24.9 
Ethylene glycol (1,2-ethanediol) ---------- 6.6 
Lactic (2-hydroxypropanoic) acid - 8.3 
Water------------------------------------------------ 8.7 

100.0 

The amount of Water added is preferably that 
sufficient to adjust the specific gravity of the 
solution to approximately 

20 
138820 

although the specific gravity may be varied be 
tWeen 1386 and 1.47. The Water added to the 
solution is in addition to that contained in the 
phosphoric acid, so that if more concentrated 
acid, or pyrophosphoric acid (HAP2O7), is utilized, 
then the Water should be, increased accordingly. 
Another preferred form of the bath or elec 

trolyte of this invention may consist of the fol 
lowing constituents, in the approximate propor 
tions indicated, by volume: 

Proportion, 
Constituent percent 

Orthophosphoric acid 85%--- 
Ethylene glycol.-- 
Lactic acid---------------- 
Monosodium glutamate--- - - 

As will be evident, the difference between the 
above preferred forms is the presence in the Sec 
ond of monosodium glutamate, which thus may 
be termed an addition agent. Of course, the pro 
portions of the various constituents may be varied 
within the ranges indicated below, while various 
constituents may be substituted for the preferred 
Constituents. For instance, glycerol may be 
substituted for ethylene glycol and vice versa. 
Also, other Water soluble polyhydric alcohols, such 
as propylene glycol and hexanehexol, may be 
substituted for ethylene glycol and/or glycerol, 
but the presence of at east two polyhydric al 
Cohols is much preferred. 
The substitutes for lactic acid are preferably 

mono-hydroxy mono-carboxylic acids, such as 
glycolic (hydroxyethanoic) acid, hydroxybutyric 
acid, and the like. It is to be noted that tests 
inade. With certain other acids, substituted for 
lactic acid, indicated that many carboxylic acids 
Which might be thought to be probably satisfac 
tory Substitutes for lactic acid, did not produce 
equivalent or reasonably satisfactory results. 
Thus, tests with oxalic acid, which, of course, 
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4. 
contains no hydroxy group, produced very poor 
results, as did also tests with tartaric acid, a di 
hydroxy di-carboxylic acid, and citric acid, a 
mono-hydroxy tri-carboxylic acid. It is further 
to be noted that when lactic acid, or a Satisfactory 
substitute therefor, was onitted from the Solu 
tion, some polishing took place, although the 
surface was noticeably less clean and less oright, 
but that much more satisfactory results Were 
secured when at least two polyhydric alcohols 
were present. 
Other agents which may be added in minor 

proportions, to increase the brightness of the 
surface produced, as determined by image reflec 
tion tests, and in some cases also the throwing 
power or ability to polish around curved Surface 
portions or on the rear surface of an article, in 
clude mannitol (hexanehexol), arnino acids such 
as glycine and glutamic acid, and amines Such 
as ethylene diamine and monoethanol and tri 
ethanol amines. Glutamic acid and monosodium 
glutamate are perhaps preferred addition agentS, 
in view of the increased brightness produced 
when a minor amount, such as up to about 4%, 
is added to the bath of the first preferred form. 
In the case of monosodium glutamate, tests in 
dicated that addition of from 1% to 4% produced 
an increase in the brightness or refecting powe' 
of the polished surface, but that over 4% caused 
a decrease in the brightness, with 10% addition 
causing a decrease in brightness compared to 
the bath without an addition agent and also 
causing considerable etching. 
In general, the bath of this invention prefer 

ably includes the constituents indicated in the 
following ranges of proportions: 

Proportion, 
Constituent percent 

Orthophosphoric acid 85%--------------------------- 35-70 
Polyhydric alcohol--------- - 8-64 
Lactic acid or substitute. -- 1-12 
Water (including Water in a 5-30 
Addition agent--------------- - - - 0-0 
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The bath of this invention thus inay be an 
aqueous solution of phosphoric acid and at least 
two polyhydric alcohols; an aqueous solution of 
phosphoric acid, at least one polyhydric alcohol, 
and lactic acid or substitute; a bath having the 
general range of proportions above indicated; or 
a bath having the approximate proportions of 
the preferred forms, as well as including the 
various addition agents disclosed. Such baths 
also preferably have no significant amount of an 
acid stronger than phosphoric. 
In electrolytic polishing with the bath of this 

invention, a relative movement of the articles 
immersed in the bath is preferably utilized, al 
though Small articles can often be polished in 
Stationary position. 
The electrolytic bath of this invention may 

be used in polishing metals and alloys other than 
brass, which, of course, is an alloy of copper and 
zinc. Thus, a copper article is readily polished, 
as are also articles of copper alloys, such as 
beryllium copper; nickel silver and German sil 
ver, alloys of copper, nickel and zinc.; Monel 
metal, an alloy of nickel and copper; and bronze, 
an alloy of copper, tin and zinc. Strangely, 
articles of Substantially pure zinc Were attacked 
but not really polished, tending to be blackened 
or stained, as WaS also the case with articles of 
nickel and of silver. Articles of Stainless Steel 
Were readily polished, While those of carbon steel 
and soft iron Were cleaned, but were difficult to 
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polish, since the anodic film could not be removed 
quickly enough. Also, articles of 24SO alumi 
num, which contains a small percentage (about 
4.4%) of copper, were polished readily, While an 
article of 2SO aluminum (substantially pure alu 
minum) was anodically attacked but not pol 
ished. 
There are several alloys which are used for 

hardness or strength at high temperatures, but 
which are difficult to machine and have required 
costly grinding operations for polishing. Such 
alloys, each of which is polished by the method 
and bath of this invention, include the cobalt 
chromium-tungsten alloy known as "Stellite,' 
used for hard facing cutting tools, drill bits, and 
the like; the nickel-molybdenum-iron alloys of 
“Hastelloy A' and “Hastelloy B' types, used 
for hard facing and wear resistance; and the 
nickel-molybdenum-chromium-iron alloys of the 
“Hastelloy C' or “Vitallium' type, the former 
also including tungsten and the latter also in 
cluding a relatively large percentage of cobalt, 
used for strength at high temperatures, as in gas 
turbine blades, and in dental and medical Work, 
because of neutrality in the human body. The 
principles of this invention may be utilized not 
only in polishing articles made of such alloys, 
but also in reducing the cross-sectional area. 
thereof, or removing specific portions by mask 
ing, as for balancing in the case of gas turbine 
blades. As far as is known, none of these alloys 
have been hitherto successfully polished or other 
wise treated electrolytically. 
The method of electrolytic polishing of this 

invention may be carried out in apparatus, such 
as illustrated in the accompanying drawings, in 
which: 

Fig. 1 is a three-dimensional view of Such ap 
paratus, certain parts being shown in section 
for clarity of illustration; 

Figs. 2 and 3 are an enlarged fragmentary side 
and front elevation, respectively, of a rotating 
framework connection of the apparatus of Fig. 1; 

Fig. 4 is an enlarged cross section of a pulley 
and clutch arrangement of the apparatus of 
Fig. 1; 

Fig. 5 is a horizontal section taken along line 
5-5 of Fig. 4; 

Fig. 6 is a top view of an electrical connection; 
FigS. 7 and 8 are bottom plan and longitudinal 

Sectional views, respectively, of a typical article 
adapted to be electrolytically polished in the ap 
paratus and in accordance with the method of 
this invention; 

Fig. 9 is a chart illustrating voltage and cur 
rent values for electrolytic polishing by use of the 
bath or Solution of this invention; and 

Fig. 10 is a chart illustrating voltage and cur 
rent values during coloring, in further accord 
ance With this invention. 
As illustrated in Fig. 1, an electrolytic solu 

tion or bath B, having the constituents described 
above, is placed in a tank T, which is set on elec 
trically conductive strips fo, as of copper or the 
like, the tank T. being the cathode. The articles 
A to be polished are mounted on a, basket or 
framework F, adapted to be rotated within the 
bath B, each of the articles. A preferably being 
disposed at the same radial distance from the 
center of rotation, so that the relative speed of 
movement of each article through the bath is 
Substantially the same. The framework F is 
preferably rotated at a speed so that the rate 
of movement of the articles through the bath is 
between 20 and 60 feet per minute, the preferred 
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6 
velocity being approximately 40 feet per minute. 
It is to be noted that when the speed was above 
60 feet per minute, the articles tended to be 
etched, rather than polished. A relative move 
ment of the articles being polished with respect 
to the bath may be obtained by movement of the 
bath, or by movement of the articles other than 
rotative, Such as vibratory. Calculations based 
on vibration of the articles in the bath showed 
an average speed of movement of the articles ap 
proximately the same as for rotation, i. e. a per 
missible range of 20 to 60 feet per minute, with 
a preferred rate between 35 and 40 feet per min 
ute. 
The frameWork F and the articles A form the 

anode within the bath B, current being supplied 
to the framework through a conductor f, the 
connection between the conductor and a ver 
tical shaft 2 for rotating the framework F, and 
also the connection between the shaft 2 and 
frameWork F, being described in detail later. As 
the framework F and the articles. A revolve With 
in the bath B, a voltage of preferably between 8 
and 28 volts is applied through the bath, be 
tween the articles A and the tank T. The pre 
ferred current density is between 0.5 and 2.0 
amperes per square inch, and the temperature 
of the bath B is preferably maintained between 
70 F. and 150 F., excellent commercial produc 
tion results having been obtained with the bath 
solution at a temperature of about 95° F. to 104° 
F. (35° C. to 40° C.). As will be evident, with 
a constant speed drive, the speed of movement 
of the articles through the bath may be main 
tained relatively constant at the desired speed; 
With Suitable electrical controls, the voltage and 
current density may be maintained relatively 
Constant; and while the temperature of the so 
lution is preferably maintained between 95° F. 
and 104 F., the bath temperature may be con 
siderably higher without materially affecting the 
quality of the work, excellent results having been 
obtained with a bath temperature of about 130° 
F., so that the temperature of the bath may vary 
relatively widely, and the operations are there 
fore capable of being carried out by non-techni 
cal personnel. 
As the articles A. move through the bath B, and 

a current of the desired voltage and intensity 
passes therethrough, a complex, viscous layer 
which is difficult to analyze, forms thereon. One 
theory of the action, during electrolytic polish 
ing, is that this layer causes a selective dissipa 
tion of the metal of the articles through elec 
trolytic action, the high spots being removed 
faster, due to the layer being thinner thereover. 
The accuracy of this theory has not been definite 
ly proven, but the result is that the surfaces of 
the articles A, after removal from the apparatus 
and Washing to remove the viscous layer, have 
a high polish and luster, rivaling and often ex 
ceeding that produced by mechanical polishing. 
This is particularly true of curved or irregular 
Surfaces, which may be uniformly polished elec 
trolytically, but are difficult to polish uniformly 
mechanically. That is, a flat surface polished 
electrolytically in accordance with this invention, 
normally has a polish and luster equal to or great 
er than that of a mechanically polished surface, 
While a curved or irregualr surface, almost With 
out exception, has as high a polish and luster as 
the flat Surface, which may not be true when the 
irregular surface is polished mechanically. 
The articles are preferably removed as quickly 

as possible from the bath, as soon as polishing 
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is complete, and then washed, as discussed later. 
The bath may not be used indefinitely, without 
regeneration, at least in polishing brass articles, 
test results indicating a useful life of about 300 
ampere hours per liter, which apparently corre 
sponds to a concentration of between 60 and 70 
grams per liter of copper and between 25 and 30 
grains per liter of zinc. When braSS articles are 
being polished, both the copper and Zinc from 
the brass pass into the solution. Tests have in 
dicated that the concentration of the copper 
reaches a maximum, and the copper then begins 
to deposit out at the cathode, i. e. at the tank 
T. Apparently, the zinc remains in Solution, and 
the life of the Solution is apparently determined 
by the concentration of the zinc. 

Additional advantages are obtained when a 
porous wall or the like, such as provided by a 
porous, unglazed ceramic cylinder 3, is inter 
posed between the anode and the cathode, the 
anode in this case being the articles A and the 
cathode the tank T. If desired, cooling coils Inay 
be disposed between cylinder 3 and taink T. 
When the copper separates out at the cathode 
or tank T, it is apparently substantially netallic 
copper, and the porous cylinder 3 prevents this 
metallic copper from being stirred about and per 
haps contacting or interfering With the polishing 
of the articles A. In this way, more uniforn 
polishing results are obtained, as the possibility 
of unpolished or less polished spots on the articles, 
due to the articles picking up metallic copper as 
they move through the bath, is avoided. The 
porous cylinder 3 further adapts the apparatus 
of this invention to use by unskilled or non-tech 
nical workmen, since it is unnecessary for Such 
workimen to atternpt to ascertain when the 
amount of copper, for instance, being stirred 
about in the solution, is interfering with the 
polishing operation. 
As indicated previously, the fraineWork F is 

rotated by the shaft 2, the framework being 
disconnected from the shaft when articles A are 
to be removed from the bath and Washed, and 
another framework carrying a series of articles 
to be polished may be substituted, therefor, the 
apparatus thus being capable of Substantially 
continuous operation. The framework F. Inay 
comprise a series of vertical bars or rods if, ex 
tending between end rings 5 and provided With 
pins or pegs 6, preferably extending slightly up 
wardly in the direction of rotation and on each 
of which an article A may be hung. The Spacing 
of the bars & and pins 6 is preferably such that 
no article will tend to touch or contact an ad 
joining or adjacent article during polishing, as 
such contact would tend to produce a Surface 
portion or spot of less polish or luster. All of 
the framework which is subjected to the electro 
lyte is preferably painted with an electrical in 
sulating material, such as a Synthetic rubber 
cement of the "Piobond' type, except the pins 
6 On which the articles are mounted. The upper 

ring 5 is provided with a V-shaped handle , 
which is conveniently placed in a groove or Socket 
8, as in Fig. 3, open at the top and formed in a 
block 9, which is attached to the lower end of 
shaft 2. The upper midsection of handle is 
preferably curved or arcuate, and the socket 8, 
as in Figs. 2 and 3, is correspondingly formed so 
as to receive the handle , and anchor the handle 
against tipping or pivoting about the Socket, par 
ticularly during rotation in the bath. Since the 
framework F is suspended from the block 9, 
there is no tendency for the handle 7 to slip out 
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8 
of the groove 8 during polishing. However, when 
the shaft 2 is lifted to its upper position, in a 
manner eXplained later and as shown at the left 
in Fig. 1, the framework F may be readily re 
moved, and another frameWork having a new 
Series of articles to be polished substituted there 
for. After the framework is removed, the articles 
are Washed, as by dipping, and then replaced by 
a new series of articles to be polished. As will be 
evident, when the shaft 2 and framework Fare 
lifted to the upper position, the circuit through 
that particular tank is broken, so that no current 
is flowing through the tank, and it is unnecessary 
to turn off the current in order to remove a frame 
work having polished articles thereon, or in order 
to place a framework having articles to be 
polished on the block 9. 
Shaft 2 is rotated by a clutch mechanism 

Which is automatically disconnected When the 
framework is lifted out of the tank, and since 
the framework revolves at a relatively slow speed, 
Such as leSS than 10 R. P. M. for a framework 
diameter of 18 inches, the framework is rela 
tively easily lifted out of the tank, to the upper 
position shown at the left in Fig. 1, without the 
necessity of stopping the drive shaft 20, or in 
terfering with the operation of other polishing 
tanks. 
AS in Fig. 1, each automatic clutch mecha 

nism may be driven by a V-belt 2 or the like, 
Which passes around a drive pulley 22 on shaft 
28, and also around a pulley 23, mounted for 
rotation about a vertical axis, as by a bearing 
24, shown in Fig. 4. Bearing 24 is mounted on 
a bushing 25, shaft 2 being rotatable and also 
slidable in bushing 25, which is mounted in a 
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Spacing block 26, in turn mounted on a support 
ing plate 27. A circular drive plate 23 is at 
tached to each shaft 2 adjacent the upper end 
thereof, as by a pin or the like, such aS cotter 
pin. 29. The position of drive plate 28 nay be 
adjusted on the shaft f2, by insertion of the pin 
29 in One of a series of holes 30 in shaft 2. The 
top Surface of pulley 23 is preferably provided 
with a layer of friction material 31, such as sim 
ilar to brake lining and the like, so that when 
the frame work is dropped to its lower position, 
as shown at the right in Fig. 1, the pulley 23 
Will drive plate 28, thereby rotating shaft 2 
and the framework F. 

- The Shaft 2, as in Figs. 1 to 3, is also provided 
With a collar 35 adjacent to but Spaced above 
the block 9, which is adapted to rest on a 
sliding plate 36, as shown at the left in Fig. 1, 
SO as to hold the shaft 2 in its Upper position 
as When a framework F is being removed o 
placed thereon. As will be evident, as soon as 
the framework F is lifted, preferably by the Op 
80 grasping the underside of block 9, so as 

to lift the shaft 2 along with the framework F. 
the drive plate 28 will no longer be in engage 
nent with pulley 23, so that the shaft 2 no 
longer rotates. The framework and shaft are 
then lifted to the upper position, and plate 3S 
slid inWardly to support the collar 35, and there 
Gy hold the shaft 2 in its upper position. 
As in FigS. 4 and 5, the Sliding plate 35 is 

provided with a central, longitudinally extend 
ing slot 37 having at its rear end a circular en 
largement 38, through which collar 35 On Shaft 
2 is adapted to pass. Normally, the Sliding plate 

36, which may have an upturned end 39 which 
Serves as a handle, is left in the full pOSition of 
Fig. 5. However, aS SOOn as shaft 2 has been 
lifted to its upper position, the plate 36 is slid to 
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the dotted position of Fig. 5, in which position 
the circular enlargement 38 will pass beyond 
collar 35, the latter then being Supported by the 
plate, on the edges of slot 37, with the shaft 2 
extending through slot 37. The sliding plate 36 
may be supported in any suitable manner, as by 
three, or any other desired number of pins or 
the like, such as provided by Spacing blocks 40 
through which cap screws 4f extend, the heads 
of the cap screws 4 supporting the sliding plate 
36. One of the cap screws 4 may pass through 
the central slot 3, while a side slot 42 for each 
of the other cap screws may be provided in plate 
36. 
The conductor may be connected to shaft 

2 just above block 9 but below collar 35, a 
connection between the conductor and Shaft 
preferably being made So that the shaft may ro 
tate Without undue pull on the conductor. While 
any suitable means for connecting the conductor 

to the shaft 2 may be used, a Satisfactory 
connection is shown in Fig. 6, wherein the con 
ductor is provided at its end With a double 
arm spring clamp 45, adapted to hold a pair of 
arcuate blocks 46 against the shaft 2. 
blocks 46 are preferably made of copper, copper 
bearing graphite, or other suitable electrically 
conductive material, and the clamp 45 main 
tains the blocks 46 in engagement with the Shaft 
2 during rotation of the latter. An electrical 
Connection to shaft 2 may also be made, if de 
Sired, at Supporting plate 2, as by a Spring 
preSSed brush of carbon, copper-bearing graph 
ite, or other suitable material. 
A typical type of article, formed of brass, which 

has been successfully polished commercially by 
the method of this invention, is illustrated in 
FigS. 7 and 8. Such an article is a drawbolt 
cap for luggage, which has an elongated, rounded 
back 50, a neck 5 f at one end, provided with an 
attachment hole 52, and a partly closed oppo 
Site end 53. As will be evident, the shape of 
this article is quite irregular, which caused me 
chanical polishing operations to be relatively dif 
ficult and costly. Also, before mechanical polish 
ing, it is necessary to degrease and clean thor 
Oughly, Since grease from stamping and machin 
ing operations tend to interfere with mechan 
lical polishing. However, when such a drawbolt 
cap was polished electrolytically in accordance 
With this invention, no degreasing Was necessary. 
As a matter of fact, during tests, Several draw 
bolt caps which were covered with grease and 
had been damaged by accidental partial crush 
ing, to the extent that they contained an inden 
tation or depression sufficient to prevent a uni 
form polish being obtained mechanically, were 
removed from scrap and, without degreasing, 
polishing electrolytically in accordance with this 
invention, a uniformly lustrous finish being ob 
tained, even in the indentation. When the draw 
bolt cap of FigS. 7 and 8 is polished, it is merely 
hung by hole 52 on a pin 6 of framework F. 
Such drawbolt caps are made of brass, and other 
articles, also made of brass, which have been 
Successfully polished commercially in accordance 
with this invention are handle loops for trunks, 
ferrule tie-backs for traveling cases, hooks for 
traveling case compartments, and rod ends for 
SWinging partitions in traveling cases. 
The articles on the framework F are subjected 

to a Suitable current for a suitable period of time, 
to effect the desired polish, such as from 15 sec 
Onds to 30 minutes, dependent upon the surface 
condition, i. e. the amount of metal necessary to 

The 

O 

5 

20 

() 

10 
be removed until a satisfactory polish or luster is 
obtained. The framework F is then removed 
from the tank T, and the framework, with the 
articles hanging on it, dipped into Wash water, at 
about room temperature, which removes most of 
the bath solution adhering to the framework and 
the articles. This wash water is preferably used 
as makeup water for replenishing the bath Solu 
tion, since electrolysis of water in the Solution 
tends to cause a loss thereof. The framework 
and the articles are then dipped into hot rinse 
Water, preferably maintained at a temperature 
of 150° F to 160° F. or higher, which washes off 
the viscous, tenacious layer adhering to the 
articles. After removal from the frameWork F 
and drying, the articles may be lacquered, bake 
enameled or otherwise treated in accordance with 
the procedure in the particular factory. The 
rinse water is preferably maintained at or above 
150° F., since a much lower temperature may not 
be sufficient to lower the viscosity of the tenacious 
layer to permit, its ready removal. Thus, Water as 
low as 100 F. to 120° F. has been found, in tests, 
to be too low to remove the layer completely from 
all of the articles. 
The articles are removed from the polishing 

bath as quickly as convenient after polishing has 
been completed, or if it is necessary to let then 
stand in the bath after polishing is completed, a 
slight current flow is preferably maintained, to 
prevent discoloration. Also, the articles are pref 
erably washed as soon as possible after removal 
from the bath, again to prevent discoloration due 
to galvanic action. The tendency for this dis 
coloration may be taken advantage of, if a slightly 
different color is desired on the polished article, 
as when the article is made of an alloy Such as 
brass, containing materials of different electrical 
potential, as described later. While the voltage 
may be varied over a relatively wide range, for 
economy purposes the voltage is preferably main 
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tained as low as Will produce the desired resultS. 
In general, the more viscous the bath, the higher 
the Voltage necessary to produce maximum pol 
ishing resultS. 
The curve shown in Fig. 9, in which voltage is 

plotted as abscissae, and current density, or alm 
peres per square inch, is plotted as ordinates, is a 
typical curve illustrative of variations in Voltage 
and current density during electropolishing in 
the bath of this invention. When a brass article 
was placed in the bath, and the current first 
Started flowing therethrough, at a relatively low 
voltage, the cathode started gassing at about 
point 55, while With an increase in voltage and 
Current density, polishing began at about point 
56, but the results were not sufficiently satis 
factory for commercial operations. Between 
points 56 and 57, the current density did not in 
crease, as the Voltage increased, but at point 57 
the anode began gassing, and the current density 
then increased proportionally to an increase in 
Voltage. The best results were obtained between 
points 58 and 59, i.e. between 8 and 28 volts and 
a current density of between about 0.5 and 
Slightly over 2 amperes per square inch. Above 
point 59, excessive gassing at the anode appar 
ently prevented sufficiently satisfactory results 
from being obtained. In some instances, as in the 
case of Single articles, not too large, polishing may 
be Satisfactory at less than 8 volts, sometimes 
even as low as point 56, but when a plurality of 
articles were being polished, operation in the 
preferred range, 8 volts and above, was necessary. 
After the article has been polished, it may be 

75 colored, if desired, by a very slight or reverse 
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voltage, and a very small current, the coloration 
depending upon the amount of time the coloring 
current is passed through the article. In the 
case of a brass article, when the Voltage is re 
duced below the single electrode potential of Cop 
per, i.e. --0.7618 volts, but above the single elec 
trode potential of zinc, i. e. -0.344 VoltS, a color 
range from the light, gold of brass to the Coppel 
hue of copper can be produced. The reaSOI), for 
such coloring is not definitely known, one prob 
able explanation being that the Zinc is removed 
While the copper stays on the Surface. 
The curve in Fig. 10, in which Voltage is plotted 

as abscissae and current density as OrdinateS, rep 
resents conditions when the current and Voltage 
were varied, for low values thereof. Thus, When 
the voltage was reduced to almost Zero, Such as 
--,04 volts, the current was correspondingly low, 
While When the voltage was reversed to a low 
value, such as from -.01 to -.4 volts, the current 
remained substantially constant, at approxi 
mately -0095 amperes per square inch, Such as 
along the portion SG of the curve. The brass 
articles being colored were first polished, then re 
moved from the polishing Solution, rinsed and 
wiped dry, and then returned to the polishing so 
lution. A voltage of -.044 volts produced, with 
the corresponding current density of -.0005 an 
peres per square inch, certain colors, dependent, 
upon the time that the article was so treated. 
Thus, with the amount of time indicated, the foll 
lowing coloring WaS produced: 

Time Color 

2. Seconds-------------------------------------------- Light God. 
3 Seconds-------------------------------------------- Gold. 
5 Seconds----- -- Cora Gold. 
8 Seconds.---- --- Red Gold. 
12 Seconds------------------------------------------- Copper. 

The temperature of the Solution for Coloring 
may be maintained between 70 F. and 150 F., 
preferably around 140°F. The solution is prefer 
ably one which has been used for a Suficient pe 
riod of time that the concentration of copper 
therein has reached or exceeded about 5 milli 
grams per milliliter, representing a use of about 
100 ampere hours per liter or more. 

Articles formed of alloys other than brass may 
be polished and then colored, the preferred volt 
age and current ranges, and times for coloring, 
varying in accordance with the alloy being col 
oired. As will be evident, the colors which can 
be obtained are limited to the production on the 
Surface of the article of a greater proportion of 
a metal Which has a higher Single electrode po 
tential. In the case of binary alloys, the neta 
having the higher single electrode potential, such 
as copper in the case of brass, is the “coloring 
agent,' as it were. In the case of trinary or 
quaternary alloys, the metal having the highest 
single electrode potential may be the coloring 
agent, or the two or more metals having higher 
single electrode potentials may be the coloring 
agent. As will be evident, coloring subsequent 
to polishing will be desired only when a different 
color than that naturally possessed by the alloy 
is desired, and the metal or metals providing the 
“coloring agent' Wii also produce the desired 
color. 
Fron the foregoing, it Will be evident that the 

method and the electrolytic bath of this inven 
tion, fuliil to a marked degree the requirements 
and objects hereinbefore Set forth. None of the 
preferred ingredients of the bath, namely, phos 
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12 
phoric acid, glycerol, ethylene glycol, lactic acid 
and water, have explosive potentialities, are diffi 
cult or dangerous to handle, are toxic, or produce 
dangerous or noxious fumes, either alone or in 
association. With the other ingredients. A Solu 
tion containing the above ingredientS is acidic. 
but not harmful to the skin, so that there is no 
danger of acid or alkali burns to Workmen. 
Furthermore, heating the bath to a temperature, 
Such as 50° F., or even higher, does not cause 
noxious Or toxic funes or Vapors to be driver) 
off. The substitutes for glycerol and/or ethylene 
glycol, namely, polyhydric alcohols. Such as propy 
lene glycol and hexanehexol, and the Substitutes 
for actic acid, namely, mono-hydroxy mono 
carboxylic acids such as glycolic, hydroxybutyric 
and Vinylglycolic acids, are also neither danger 
ous nor toxic, not do they produce noxious funes. 
It is to be noted that the monohydric alcohols, 
such as ethanol, methanol and isobutyl alcohol, 
tend to boil off and to be lost from the Solution, 
thus producing not only a loSS of constituent 
which must be replaced, but also noxious fumes, 
whereas the polyhydric alcohols, in general, have 
higher boiling points and therefore are not lost 
as readily nor produce objectionable funes. 
The preferred addition agents, namely, mono 
Sodiurn glutamate and glutamic acid, as well as 
heXaneheXol and glycine and other amino acids, 
are further neither toxic nor dangerous nor pro 
ductive of noxious fumes, while the amines useful 
aS addition agentS, Such as ethylene diamine, are 
neither dangerous to handle nor productive of 
noxious funes or vapors, AS indicated previous 
ly, the terriperature of the bath may be main 
tained within a relatively wide range, and excel 
lent results secured. While the voltage and cur 
rent density may also be varied over a relatively 
Wide ange, these may be controlled more read 
ily, and therefore no difficulty is encountered in 
maintaining optimum conditions. 
A relatively large number of metals and par 

ticularly alloys, though not all metals or alloys, 
can be polished successfully, in addition to brass. 
In addition, the proportions of the solution con 
StituentS may be those of commercial compounds, 
Such as 85% Orthophosphoric acid, which, of 
CO'Se, contains. Water. 
The electrolytic polishing of the cobalt-chro 

?nium-tungsten, nickel-molybdenum-iron, and 
nickel-inolybdenum-chromium-iron alloys, of the 
types described previously, is an achievement of 
no Small importance. Both from the standpoint, 
Of inparting a Smooth, lustrous finish to the Sur-, 
face of articles made of such alloys, particularly 
USeful in the case of articles such as gas turbine 
blades and dental and medical specialties, and re 
ducing the Cross Sectional area, or removing selec 
tive Surface areas...of an article made of such an 
alloy by electrolytic agtion, a valuable contribut 
tion has been made. 
The apparatus. Constructed in accordance with 

this invention has many advantageous features. 
The provision of a porous wall between the cath 
Ode and the anode or article being treated pre 
Vents a metal or compound, separating out at 
the Cathode, from being carried around in the 
Solution and interfering with the polishing op 
eration. The provision of a rotating framework 
On Which a plurality of articles may be mounted 
for polishing, such framework preferably being 
circular So that each article will move through 
the bath at the same rate of speed, coupled with 
a readily detachable connection between the 
framework and a drive shaft or the like there 
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for, is quite advantageous, and particularly so 
when coupled with an automatic clutch mecha 
nism which causes the drive to be disconnected 
when the framework is lifted for removal of the 
articles from the bath. It will be evident, of 
course, that various changes may be made in the 
apparatus. Neither the tank nor the porous Wall 
between the cathode tank and the articles being 
treated need be circular, but may have any other 
desired shape. 
made of glass, with a copper or other Suitable 
metal plate disposed in the bottom as the cath 
ode, while the porous wall may be a layer of 
fiber glass disposed above the cathode plate, a 
shielded conductor preferably being connected 
to the cathode. Also, only a portion of the tank 
may form the cathode, such as one wall of a 
square or rectangular tank, and in Such case 
the porous wall finay extend in parallel, Spaced 
relation to the cathode Wall. The framework 
on which the articles are mounted may have 
shapes other than circular, Such as planar when 
a single wall of the tank is the cathode, and the 
articles then may be vibrated or reciprocated, to 
effect movement thereof relative to the bath, 
rather than being rotated. While it is desir 
able that each article be disposed as nearly as 
possible the same distance from the cathode as 
the remaining articles, this may not be necessary 
in many cases. Also, the articles may be polished 
by a continuous conveyor System, Whereby they 
are passed through the electrolytic bath, lifted 
out, Washed, lifted, and then rinsed. After rins 
ing, the articles may be automatically discharged, 
as by being hung on hooks which are shaped so : 
as to discharge the articles when a predetermined 
angular position is reached. Such hooks may ex 
tend from a plate or chain at about 45° to the 
horizontai, and be provided with an end extend 
ing vertically when in a depending position, with 
a Stop opposite the end and extending at 90 
to the main portion of the hook. When such a 
hook is moving down, and becomes nearly level, 
the article will drop off. The bath may be circu 
lated, as for cooling, and also may be filtered or 
treated for regeneration, to remove metal Sepa 
rated out at the cathode or in Solution in the 
bath. In addition, various other types of clutch 
mechanism and detachable connections between 
the framework and the drive, as Well as electrical 
Connections thereto, may be utilized. 

It will further be understood that various other 
changes may be made in the method and bath 
of this invention, and that materials other than 
those specifically described herein may be added 
to the solution, without departing from the Spirit 
and scope of this invention. 
What is claimed is: 
1. An electrolytic polishing bath comprising by 

volume, from approximately 35% to approxi 
mately 70% of Orthophosphoric acid; from ap 
proximately 8% to approximately 64% of at least 
one Water soluble polyhydric alcohol; from ap 
proximately 1% to approximately 12% of a 
mono-hydroxy mono-carboxylic acid; from ap 
proximately 5% to approximately 30% of water; 
and from 0 to approximately 10% of an addition 
agent adapted to increase the brightness of an 
article polished in said bath, the total of Said 
constituents being approximately 100%. 

2. An electrolytic polishing bath as defined in 
claim 1, wherein each said polyhydric alcohol 
is selected from the group consisting of glycerol, 
ethylene glycol, propylene glycol and hexane 
hexol. 

For instance, the tank may be O 
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3. An electrolytic polishing bath as defined in 

claim 1, wherein said mono-hydroxy mono 
carboxylic acid is selected from the group con 
Sisting of lactic acid, glycolic acid and hydroxy 
butyric acid. 

4. An electrolytic polishing bath as defined in 
claim.1, wherein Said addition agent is selected 
from the group consisting of monosodium glu 
tamate, an amino acid, and an amine. 

5. An electrolytic polishing bath as defined in 
claim 1, wherein said addition agent is hexane 
heXOl. 

6. An electrolytic polishing bath consisting 
by volume of about 41.5% of 85% orthophos 
phoric acid; about 24.9% of glycerol; about 16.6% 
of ethylene glycol; about 8.3% of lactic acid; and 
about 8.7% of Water. 

7. An electrolytic polishing bath comprising by 
Volume, about 39.8% of 85% orthophosphoric 
acid; about 23.9% of glycerol; about 15.9% of 
ethylene glycol; about 8.0% of lactic acid; about 
4.0% of monosodium glutamate; and about 8.4% 
Of water. 

8. A method of electrolytically polising an 
article of brass, comprising placing said article 
in an electrolytic bath as defined in claim 1: 
and passing an electric current through said 
article as the anode in said bath. 

9. A method of electrolytically polishing an 
article of brass, as defined in claim 8, which in 
cludes maintaining said bath at a temperature 
between 70° E. and 150° E. 

10. A method of electrolytically polishing an 
article of brass, as defined in claim 8, which in 
cludes moving said article relative to said bath 
at a Speed of between 20 and 60 feet per minute. 

11. A method of electrolytically polishing an 
article of brass, as defined in claim 8, which 
includes passing an electric current through said 
article as the anode in said bath, at a voltage. 
between 8 and 28 volts and a current density: 
between 0.5 and 2.0 amperes per square inch. 

12. A method of polishing and coloring an 
article of brass, which comprises placing said. 
article in an electro-polishing bath as defined in: 
claim 1; passing an electric current through said: 
bath and article as the anode, to polish said: 
article; removing said article from said bath and. 
Washing the same to remove any viscous layer. 
therefrom; replacing said article in said bath; 
and passing a current through said article for a, 
relatively short period of time at a voltage be 
tween --.04 and -0.4 volts, to color the same. 

13. A method of polishing and coloring an ar 
ticle of brass, as defined in claim 12, wherein said 
coloring Voltage is approximately -0.044 volts 
and the current density is approximately 0.0005 
ampereS per Square inch. 

14. A method of electrolytically polishing an 
article formed of an alloy whose principal com 
ponents are cobalt, chromium and tungsten, 
which comprises placing said article in a bath 
as defined in claim 1; and passing an electric 
Eent through Said article as the anode in said 
ath. 
15. A method of electrolytically polishing an 

article formed of an alloy whose principal com 
ponents are nickel, molybdenum and iron, which 
comprises placing Said article in a bath as de 
fined in claim l; and passing an electric current 
through Said article as the anode in said bath. 

16. A method of electrolytically polishing an 
article formed of an alloy whose principal com 
ponents are nickel, molybdenum, chromium, iron 
and tungsten, which comprises placing said ar 
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ticle in a bath as defined in claim l; and passing 
an electric current through said article as the 
anode in said bath. 

17. A method of electrolytically polishing an 
article formed of a material selected from the 
group consisting of brass, copper, a copper base 
alloy, an alloy whose principal components are 
cobalt, chronium and tungsten; an alloy whose 
and iron; an alloy whose principal components 
are nickel, molybdenum, chromium, iron and 
tungsten; and an alloy whose principal com 
ponents are cobalt, chromium, nickel, molybde 
num and iron, which comprises placing said ar 
ticle in an electrolytic bath as defined in claim 
1; and passing an electric current through Said 
article as the anode in said bath. 

18. A method of electrolytically polishing an 
article formed of an alloy whose principal com 
ponents are cobalt, chromium, molybdenum and 
iron, Which comprises placing said article in a 
bath as defined in claim 1; and passing an elec 
tric current through said article as the anode in 
Said bath. 

WTTLARD G. AXTELL. 
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