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My invention is directed ‘to electro-polishing,
particularly with respect to-an apparatus-for-elec-
trically polishing selected surfaces of cobjects
formed of stainless steel and the like.

‘Electro-polishing, or the anodic polishing of
metal has been known for.some time, and con-
siderable development work has been directed to-
wards the attainment of -a single satisfactory
method for all metals over the past few years.
This work ‘has, however, been in general unsue-
cessful, particularly with respect to the develop-
ment of an -electro-polishing solution -or ‘bath
which can be used for polishing the various
metals and metal -alloys most frequently encoun-
tered in commerce. ‘“The -art, as it ‘is known
today, discloses various :special baths of widely

varying character, which may be used in-the.

electro-polishing of specific commercial metals
or metal alloys, but which are ineffective if an
attempt is made to polish metals belonging to a
class other than that for which the bath is par-
ticularly adapted. As.a resulf, the composition
of an -electro-polishing bath must be changed
whenever the metal composition isvaried.

One of the metals which presents-considerable
difficulty in electro-polishing is :commercially
known as stainless steel, the term "being broadly
applied to include metals containing sufficient
chromium to render them highly resistant to cor-
rosion. The baths which have:been proposed for
polishing stainless ste€l are each -subject t0-oh~
jection as being in various instances highly toxie,
explosive, or of -short ‘life. In some instances
these prior art baths also require the mainte-
nance of operating -conditions such as tempera~
tures, current density, or voltage, which-are-diffi-
culs or expensiveto maintain.

The mechanical apparatus conventionally em-
ployed in electro-polishing is also subject to-eriti-
cism in that it fails to .realize to the maximum
extent the great economy -which ‘is -potentially
otbainable by utilization:of the :electro-polishing
process. For example, considerable time is -re-
quired-to rack and unrack the various objects to
be electro-polished, and freguently -during this
process the bath is not in operation. Ifonly one
of ‘several surfaces of an-object is to be polished,
conventional practice requires the -application of
a resist or similar coating to preserve-a -portion
of the surface from reaction during the process.
Application of a -resist-is-ordinarily a-time-con-
suming process, and in addition it-has been found
that the conventional resist compositions are not
in all instances satisfactory for -use iin -electro-
polishing bath-compositions.
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(A primary-object of my invention is to.at-least
in part.overcome these and other defects in prior
art ‘proposals through the provision of a .non-
toxic, non-explosive €lectro-polishing bath char-
acterized by .its adaptability :to electro-polishing
of .severa} different classes of .commercial metals
with only minor modification, my ‘bath bheing
particularly adaptable to the electro-polishing of
ferrous .glloys .containing substantial quantities
of chromium.

Another object of my invention is to provide
apparatus particularly suited for use in conjunc-
tion ‘with my bath, which not only reduces the
amount of labor required, but which-also extends
thelife of the'bath.

Other important objects include ‘the provision
of -apparatus for selectively polishing the internal
surfaces-of metal containers without altering the
condition -of the finish of the external surface,
and which provides rapid, safe, and automatic
means for interrupting the circuit as completed
work is removed -and new-work is presented to my
apparatusfor:polishing,

Other important objects of -my invention, -as
well as its :several -advantages will be disclosed
in the following detailed description, and -in the
appended drawings, in-which:

Fig. 1 is.a:schematic view of-apparatus utilized
in myinvention;

Pig. 2 is a partially broken away perspective-of
a-form of cathode;

Fig. 3 .is.a partially :broken -away elevation -of
the cathode support of Fig. 1;

Pig. 4 is a schematic perspective view of a tank
and electrode arrangement; and

Fig, :5 ds a partially broken away -perspective
view of a cathode device.

The two general classes of metals-to which my
bath is particularly adapted are aluminum -and
stainless steel. As previously indicated, by stain-
less steel I mean that group of ferrous ailloys
which .contain sufficient chromium to be highly
resistant:to corrcsion. These alloys divide them-
selves-logically into-sub-classes, the first of which
includes stainless steels having a martensitic or
ferritic structure, and which contain only minor
quantities of nickel, the alloy balance being se-
lected -to -produce g non-austenitic structure.
The:second. group-consists principally of the con-
ventional forms of stainless steel commonly
known .as 18-8, and -which ordinarily contain
sufficient -nickel to produce -an austenitic struc-
ture. Both aluminum -and its common alloys
and the first -of the -stainless steel sub-groups,
namely the non-austenitic, may be satisfactorily
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electro-polished by subjecting them to the action
of a direct electric current flowing through a bath
having the following basic composition:

Bath composition (per cent by volume)

Minimum | Optimum | Maximum
Polyethylene Glyeol (200-400 Pereent Pereent Percent
molecular weight)_ _________ 1.0 5.0 20.
Phosphoric Acia (75%) . 75.0 93.0 8. Y
Gluconic Aeid._.__.__________ 0.1 2.0 5.0

With reference to the various components of
my bath as indicated above, the polyethylene
glycol should have a molecular weight of from
200 to 400, since I have found that ethylene gly-
cols having molecular weights departing substan-
tially from the indicated range produce less sat-
isfactory results, and will in some instances form
objectionable compounds while the bath is in
operation. The phosphoric acid employed in
compounding my bath may be of the commercial
type containing about 75% phosphoric acid, the
balance being water and small quantities of im-
purities which are not in general of a harmful
nature. If phosphoric acid of a higher degree of
purity is employed, sufficient water should be
added to approximate the strength indicated,
since water in small quantities is necessary to the
broper operation of my bath. Gluconic acid

—C5Hs(OH) sCOOH—

is preferably formed by adding to the bath quan-
tities of delta glucono-lactone, which hydrolyzes
with the water to form the desireq gluconic acid.
This bath when utilized for the electro-polishing
of aluminum or aluminum alloys should be main-
tained at a temperature of between 100°-180° ,
the optimum temperature being in the neighbor-
hood of 120°.

The work is brought into contact with the bath
and connected as the anode with a suitable source
of direct current, the other terminal of the cir-
cuit being connected to a cathode of suitable
composition such as lead, which is immersed in
the bath. The current density should be regu-
lated to yield from 75 to 750 amperes per square
foot at from 5 to 12 volts, the optimum voltage
being in the neighborhood of 8 volts. Increasing
the temperature of my bath under the above-
defined conditions above the 125° optimum range
tends to increase the speed with which the alu-
minum or stainless steel article will be polished,
but T have found such a temperature increase to
ordinarily be undesirable, since the tendency to-
wards etching the surface increases with the in-
crease in temperature, and as a result will often
produce unsatisfactory work.

The same bath composition may be utilizeq for
polishing stainless steels falling in the first sub-
group, but the conditions under which the polish-
ing proceeds should be altered to correct for the
characteristics of the metal. For example, the
temperature of the bath should be maintained
between 175° F. and 235° F., approximately 200° F.
being the optimum temperature. Voltage should
also be increased to between 9 and 11 volts, and
the current density established at a high level, on
the order of 700 amperes per square foot where
possible,

After my bath, having the above defined com-
position, has been operated for g short period, it
will be found that even when operated at a rela-
tively high temperature objectionable or toxie
fumes will not be generated, and in general fume-
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disposal equipment is unnecessary, although
there will, of course, be a certain amount of gas
generated at both the anode and cathode. A
sludge consisting principally of insoluble phos-
phates will also gradually deposit in the bottom
of the bath container, and should be periodically
removed. The concentration of phosphoric acid
should be maintained by the addition of either
Phosphoric acid or phosphoric anhydride, the
latter being selected when the quantity of water
in the bath increases beyonq the desired limits,
or when it is desired to increase the phosphoric
acid content without increasing the volume.
Further mainienance is unnecessary unless by
careless operation deleterious elements are intro-
duced. The evolution of gases from the anode
and cathode provides all of the agitation neces~
sary in the bath, thus eliminating the need for
mechanical devices, which are ordinarily em-
ployed to insure uniform composition.

The bath hereinbefore deseribeq may be simply
converted into a bath which is highly efficient in
electro-polishing austenitic stainless steel, con-
ventionally known as 18-8, and usually contain-
ing approximately 18% chromium and 8% nickel,
by adding to the bath from 5% to 50%, and pref-
erably 20% by volume, concentrated sulfuric
acid. My basic bath will polish austenitic stain-
less steel even in the absence of sulfuric acid, but
the addition of the acid greatly increases the effi-
ciency of the bath, and improves the character
of the surface produced. After the acid has been
added, the austenitic stainless steel can be elec-
tro-polished at the temperatures, current densi-

* ties, and voltages hereinbefore defined for use in

electro-polishing aluminum. In general, this
modified form of my bath exhibits the same char-
acteristics as the basic bath composition except
that the sludge forming in the bottom of the bath
container will consist principally of insoluble
phosphates and sulphates, and will require the
addition of quantities of sulfuric acid and phos-
phoric acid from time to time in order to main-
tain the composition of the bath at the desired
concentration. Glycollic may also be added to
either of the above-indicated bath compositions
in quantities up to 10% by volume, but this addi-
tion is as a rule unnecessary and is employed
only when unusual difficulty is encountered in
obtaining a satisfactory finish.

When in use, I prefer to place my bath solu-
tion in an open topped container 10 of a suitable
acid-proof construction, preferably provided with
& coil Il disposed at or near the bottom of the
container 10 through which a hot or cold liquid
can be circulated to control the temperature of
my bath. Ordinarily, temperature control is ob-
tained by controlling the quantity of cold water
circulated through the coil [, since the tem-
peratures required for the operation of my bath
are not high, and the heating of the bath pro-
duced by the passage of electric current between
the anode and the cathode is ordinarily sufficient
to maintain the bath at the desireg temperature.
Although particularly useful in electropolishing
stainless steel, my invention is also applicable to
certain of the brasses without modification. The
brasses which may be successfully processed are
alloys consisting principally of copper and zine,
but in which silicon is substantially absent and
in which the total lead or tin content is less than
about 7%. Other alloying elements may be pres-
ent in small amounts without adversely affecting
the resulting polish.

I have illustrated in Fig. 1 apparatus particu-
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larly adapted.for polishing the interior of hollow
metal objects 13 -without -altering .the :finish :of
the outside of these:objects. .Suitable metal-sup-
ports :12, ordinarily two -in :number, -are ‘placed
lengthwise-over -the-container (0 near the-oppo-
site edges and are.shaped to receive -and:support
the -hollow work -pieces 3 in such position that
solution flowing :over -the lips of fthe -containers
will drain-.into the container 0. A support {5
is mounted centrally over the ‘tank, as .from ‘a
building roof, and rotatably :supports an -elon-
gated metal rod 14, which is:in turn.rigidly -con-
nected to -spaced yokes 46 extending outwardly
and downwaxrdly from the-ends:of therod 4. ‘The
ends of the yokes:are:connected by spaced parallel
metal pipes 17T of copper or the like, -each -pro-
vided ‘with a plurality ‘of spaced hooks 24 or the
supports from which cathodes 22 -of lead, copper,
or the like may be -suspended. - The ‘apparatus
may be lowered to suspend the cathodes 22 with-
in the work, the :other side, with its depending
cathodes, being elevated and inoperative. Dur-
ing at least one portion of the arc of movement,
normally when the parallel:pipes.17 are level, the
cathodes 22 on both of the pipes I7 will be sus-
pended above containers :13, thus preventing the
flow of current between ‘the cathodes :and .the
work. To conveniently .actuate my cathode sus-
pension device, I may secure & gear 23 to.an:end
of the rotatably ‘supported member 1% for en-
gagement with ‘a rack 24 suitably :mounted in
guides, and arranged for :access by an operator
from floor level.

Each of the pipes 17 is provided with a gradu~
ated series-of openings {8 formed in the pipe 17
nesar the hooks 21 for discharging solution drawn
from the container 18 downwardly through the
openings {8 into the work 13. -Circulation is ob~
tained by operation of a pump 20 ‘having an inlet
communicating with the container {0 somewhat
above the container bottom -and discharging into
flexible conduits 19, which convey the solution to
the pipes IT. The diameters of the openings 1§
are adjusted, increasing with the distance of the
opening from the inlet end of the pipe 11 in:such
manner that each of the work pieces {3 receives
approximately the same quantity of solution from
its corresponding opening, the excess overflowing
the work 13 and returning to the container 18. A
suitable source of direct current, such as a recti-
fier 25, is connected to the yokes (6§ and to the
conductive support members {2 in such manner
that the work 13 becomes the anode of the circuit.
The circuit is completed by the passage of a cur-
rent through the solution between the cathodes
22 and the corresponding work pieces 13.

In operation, the work i3 is placed upon one of
the supports 2 and the rack 24 moved to bring
the corresponding cathodes 22, suspended from
the bar (1, downwardly into the hollow work 13.
The pump 20 is started, and the discharge con-
trolled by suitable valves (not shown) to pass the
output of the pump through only the lower of the
pipes 1. When the containers {3 are filled, cur-
rent flows between the work and the cathodes 22,
the solution discharged into the work 13 from
the openings 18 in the pipe 17 overflowing the
work and returning by gravity to the container
10. Under these conditions only the interior of
the work i3 will be electropolished, the condition
of the external surface remaining substantially
unchanged throughout this treatment. While the
work on one of the supports is being electro-
polished, the operator places work in the other
support; and as the operation on the first set of
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work :pieces 13 :is-completed:operates the rack 44
to.rock.the:cathode:suspension:deviee. ‘Thisraises
one of the pipes 17T and lowers the pipe on :the
opposite side, the-current through the rectifier 25
being interrupted asithe pipes {1 approach.a:com-~
mon level; and;being recompl&gted:as:the cathodes
22 enter the ‘unpolished work :£3. The operator
then removes the polished work and replaces :it
with unpolished ‘work, .the ‘operation being con-
tinued until all of ‘the ‘work ‘has been completed.

In the course of operation, various insoluble
phosphates and/or sulphates will be -formed,
which precipitate from the bath, and which may
be periodically :removed. . These compounds are
not ‘particularly harmful; however, under -ordi-
nary -operating . conditions ‘the chromium re-
moved from the 'work, apparently in ‘trivalent
form, constitutes a -detrimental material, which
adversely affects the brightness of the wash. The
presence of chromium ions in:the bath is harm-
ful only when -these ions are present in -other
than their hexavalent condition. It is therefore
highly desirable-to convert all -chromium ions in
the bath to the hexavalent condition and to
maintain them in such state. This may be at-
tained by the use of an apparatus such-as that
illustrated in Fig. 4, wherein -a porous partition
28 of dielectric material is interposed between
the anode 28 and the cathode 21. 'The purpose
of this partition is to confine the ‘hydrogen gas
formed at the negative pole or cathode tothearea
immediately around the cathode and to discharge
the gas as ‘quickly -as possible from the bath.
Thus, the oxygen generated atthe anode or posi-
tive pole is allowed to bubble slowly through the
bath, saturating it to the greatest extent possible
and driving the oxygen into contact with the
maximum number of ‘chromium ‘ions.

The oxygen being-an oxidizing gas tends to con-
vert all of the chromium . icns to the hexavidlent
condition. OCbhviously, since.the gases will tend to
rise around the cathode, it is not necessary that
the partition 28 extend downwardily below the
cathode, but simply that it ‘serve to Gefine, at

5 least in part, an upright congduit through which

the 'gas can escape with a ‘minimum  of contact
with the solution. The interposition of the po-
rous partition between the anode and cathode
does not adversely affect the flow of current be-
tween the electrodes, and should in its preferred
form extend upwardly above the surface of the
bath in the container. Porous earthenware or
ceramic material has been found to be highly sat-
isfactory as a partition material, but other mate-
rial of a porous dielectric nature may be substi-
tuted for the ceramic if desired. For example,
mats of glass wool may be employed or a coarse
cloth having the general texture of heavy canvas
may be employed, provided it is formed of thread
made from an acid resistant material, such as
for example the various vinyl polymers. The
composition of the cathode 27 is not of major
importance, but may be formed of lead, copper, or
similar materials.

Tt is not to be understood that it is necessary
to utilize a partition 28, since individual cathodes
31 (Fig. 5) may be immersed in containers 29 of
porous material, which are in turn supported in
the bath container 10 with the lips of the con-
tainers 29 above the level of the bath., Further-
more, the shape of the porous containers 29 is
not of particular importance, and may be of ¢y-
lindrical shape, as indicated in Fig. 2, for use in
conjunction with a cylindrical cathode 22, as il-
lustrated in Fig. 1. The containers 29 or the
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partition 28 should, however, be spaced from the
cathode and open at the top to permit the ready
escape of gas.

From the foregoing it may be seen that I have
provided a bath solution which in its simplest
form may be employed in electropolishing alu-
minum, aluminum alloys, non-austenitic stain-
less steel, and to a limited degree, austenitic
stainless steel surfaces, and by the addition of
sulfuric acid the same bath solution is made par-
ticularly adaptable for electropolishing austenitic
stainless steels. When used in conjunction with
the apparatus herein illustrated, this bath ex-
hibits a long and highly satisfactory life, since
the chromium ions formed in the bath during the
electropolishing operation are maintained in a
hexavalent condition. The apparatus described
permits the polishing of internal surfaces at a
rapid rate without affecting the external surface
of the work; and at the same time provides safe,
effective, and automatic means for interrupting
the current between the anode and cathode while
the operation is being shifted from one set of
work pieces to another. When the prescribed op-
erating conditions are maintained, it will be
found that my bath is effective in breaking
through the surface film which forms on metal ob-
jects, particularly those of aluminum or stain-
less steel, and forming a high specular luster on
the work. Particular importance is attached to
the use of a porous, acid resistant member around
the cathode, since it has been found that utiliza-
tion of such a device not only substantially in-
creases the life of the bath, but also improves
the character of the finish produced.

The foregoing detailed description has been
made in compliance with Title 35, United States
Code, Section 112, but is to be understood as being
descriptive in nature, rather than by way of lim-
itation. I do not, therefore, wish to confine my-

self to the precise details hereinbefore disclosed,

except as defined in the appended claims.

I claim:

1. Apparatus for electro-polishing the interiors
of metal containers comprising a reservoir, a pair
of spaced parallel conductive means extending
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over the reservoir between the edges thereof, each
adapted to support a row of containers to be pol-
ished, a support above the reservoir, spaced yokes
journaled on the support on an axis parallel to
said conductive means, spaced metal pipes paral~
Iel to said conductive means extending between
said yokes and each provided with a plurality of
openings, each opening being above one of the
containers, metal electrodes depending from the
pipes for immersion in the containers, said yokes
and pipes being disposed and arranged for rock-
ing movement on said support for first raising the
electrodes on one of the pipes above one of said
rows of containers and then lowering the elec-
trodes on the other pipe into the other row of
containers, means for forcing electrolyte from
the openings in one of the pipes into the cor-
responding row of containers, and means for pass-
ing a direct current between the electrodes and
said containers.

2. The combination claimed in claim 1, includ-
ing a pump having its intake side communicat-
ing with the reservoir and valved connections be-
tween the discharge side of the pump and said
pipes, whereby electrolyte may be supplied selec-
tively to said rows of containers.

3. The combination claimed in claim 1, in which
the openings in the pipes are graduated in size
with the largest openings most remote from the
means for forcing electrolyte, whereby electrolyte
is supplied to all the containers in a row at sub-
stantially the same rate.

JOHN F. JUMER.
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