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The present invention relates to the art of electrolyti-
cally treating metal to clean, level, smooth, polish and/or
protect the surface thereof.

It is believed that in the anodic treatment of metals,
a viscous layer or film of high electrical resistivity is
formed on the surface of the anode being treated during
the passage of current through the electrolyte.  Since the
electrolyte is of comparatively low electrical resistance,
the formation of a layer of comparatively high resistance
on the ancde surface, causes the anodic potential in the
different regions of the surface being treated to vary ac-
cording to the extent to which these regions project into
said layer. This causes the salient points on the surface
to fuse at a rate according to their depth, thereby levelling
off said points until an equipotential condition is atttained
over the surface. At this stage, the surface will be
levelled and smoothed off.

One object of the present invention is to provide new
and improved electrolyte for anodically treating a metal
surface, which is fast acting and lends itself to continuous
and mass production, which renders the surface even and
extremely smooth, which imparts a permanent high lustre
or polish having high reflectivity to the surface, which so
acts on the surface as to impart thereto high resistance
to oxidation and corrosion and high weldability, and
which can be used for long periods under stable electrolyt-
ic conditions and without regeneration of the electrolyte.

Various other objects of the invention are apparent
from the following description and from the accompany-
ing drawmgs in which

Fig. 1 is a diagrammatic view of an electrolytic tank,
and associated parts for carrying out a process in its prim-
itive form according to the present invention;

Fig. 2 is ‘a graph showing the current density-voltage
relationship of the different stages or phases of the process
illustrated in Fig. 1; _

Fig. 3 is a diagrammatic view of a cathode and
anods assembly and design showing one way in which
the elecirolyte of the present invention can be used in
cleaning and polishing flat continuously moving strip
metal of substantial width;
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Fig. 4 is a diagrammatic view of a cathode and anode .

assembly and design showing another way in which
the electrolyte of the present invenfion can be used in
cleaning and polishing flat metal plate of comparatively
narrow width;

Fig. 5 shows diagrammatically the outlines of an air-
plane and especially the fuselage and part of the wing
which may be cleaned and polished by the electrolyte of
the present invention;

Fig. 6 is a side elevation of one of the airplane wings
shown in Fig. 5 and shows diagrammatically the surface
of said wing being cleaned and polished by an electrolytic
box assembly containing the electrolyte of the present
invention, said electrolytic box assembly béing shown in
section;

Fig. 7 is a section of a cathode and anode arrangement

and-design by which the burrs on a workpiece may be
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easily removed by the electrolyte of the present invention;

Fig. 8 is a section of a cathode and anode arrangement
and design by which the internal surface of a tubular
member, such as that of the cylinder or chamber of a
combustion engine, steam engine or pump, may be cleaned
and smoothed by the electrolyte of the present invention;
and

Fig. 9 is a section of a cathodé and anode arrangement
and design by which a surface of intricate or complicated
contour may be cleaned, smoothed and polished by a
series of cathode elements shielding the different sections

_of the contour and supplying variable voltage according

to the nature of the contour sections, using the electrolyte
of the present invention.

In using the electrolyte of the present invention in the
manger illustrated in Fig. 1, a tank 10 is provided contain-
ing an electrolyte 11, the special nature and composmon
of which will be described hereinafter. The metal piece
12 with its rough surface 13 to be treated, is suspended
in the electrolyte as the anode. The irregularities on the
surface 13 of this metal piece 12 are greater than would
be encountered in practice, and are shown herein in ex-
aggerated form only for the purpose of clarity in illustra-
tion.

The cathodes 14 which flank the metal piece 12 may be
of any well known inert material, such as stainless steel.
When direct current is applicd between the cathodes 14
and the anode 12, the irregular surface 13 will be evened
off and smoothed The mechanism for this operation rs
believed as follows:

With the application of direct current, a viscous layer
15 of comparatively high electrical resistance is formed
over the rough surface 13 of thz metal plate 12, consist-
ing of a mixture of ions from the electrolyte and ions from
the dissolved ancde. This layer 15 has its surface 16 op-
posite the rough surface 13 substantially flat, so that the
‘thickness of this layer from the salient points on this sur-
face to the layer surface 16 varies according to the depth
of these saliént points. * Since the electrical resistance of
the electrolyte is very low, the electrical resistance of the
layer opposite these points varies according to the depth
of these points. The salient points of greater depth on
the surface 13 of the metal piece 12 therefore receive cur-
rent of greater density than the points of lesser depth.
The net result is that the high points on the rough surface
13 of the metal piece 12 are dissolved at a faster rate
than the low points, thereby gradually levelling off this
surface until a condition of potential equilibrium is at-
tained. When this stage of equilibrium is reached, the
surface wiil be flat and smooth, as shown in dot and dash
lines in Fig. 1, and will have all the other desirable char-
acteristics to be described.

An important feature of the present invention is the
composition of the electrolyte 11 employed in the proc-
ess described. The basic ingredients of the electrolyte
are phosphoric acid and chromic. acid. If the phos-
phoric acid is used alone without the chromic acid in the
electrolyte, the layer 15 of high viscosity developed will
contain numerous gas bubbles which cause spotty polish-
ing. However, the viscous: layer 15 produced by the
phosphoric acid alone has some good: characteristics
which it is desirable to retain.. For example, it has a
low degree of adherence, and therefore is constantly re-
newed by successive new layer formations. If bubbling
in this layer can be kept down, a smoother surface will
be produced, but thxs requires a comparatively long trme
to attain.

If the chromic acid or its anhydride is used in the
electrolyte . without the phosphoric acid, the resulting
layer 15 will be free of gas bubbles.. However, if so

exclusively used, the acid has a tendency to produce wavy .

surfaces which nevertheless have good refiectivity, -
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It has been found in accordance with the present in-
vention, that by combining the phosphoric acid and the
chromic acid in the electrolyte, the desirable character-
istics :of -both are attained and the undesirable character-
istics of .each are substantially obviated or materially. re-
duced. At the same time, it has been found .that the
action. of effectively cleaning, polishing or otherwise treat-
ing the surface of the metal piece is faster with the com-
bination of .chromic acid and phosphoric acid, than it is
with either one of these ingredients alone.

The proportions of chremic acid and phosphoric acid
of the electrolyte depend on the type of metal to be
treated and the finish that is desired. The phosphoric
acid should preferably be at least 60% by weight (on a
pure basis) of the electrolyte and the chromic acid should
be at least 1.7% (on an anhydride-basis). It has been
found, that a good working range for these ingredients
is 76.4 to $4.3 parts of phosphoric acid on the basis of an
84 to 85% syrup to 1.9-13.2 parts of chromic acid on
the basis of the anhydride.

In addition to the specific ingredients described, it has.

been found in accordance with the present invention,
that the addition of a small amount of sulfuric acid and
a still smaller amount of hydrofiuoric acid in the electro-
lyte, increases the current carrying capacity of the electro-
yte, provides better current distribution, and prevents
certain granulation on the surface of the anode. Also,
with deterioration of the electrolyte due to age, the re-
sistance or strength of the anode layer 15 is increased,
and this has an adverse effect on the process. This sul-
furic acid and hydrofluoric acid act as stabilizers to re-
tard materially this deterioration. A good working range
for the sulfuric acid is 0.7% to 2.7% of the final electro-
lyte and for the hydrofluoric acid is 0.004% to 1.014%.

As the electrolyte ages, the voltage necessary to attain
the necessary polish increases, due to the increase in the
resistance of the electrolyte. This is believed due to the
deterioration of the chromic acid resulting from its re-
duction. It has been found in accordance with the pres-
ent invention, that the addition of a small amount of
sodium dichromate to the electrclyte, retards materially
the reduction of the chromic acid and prolongs the useful
life of the electrolyte tc a substantial extent, so that satis-

factory cleaning, smoothing and polishing is attained ,

over the life of the electrolyte, without material increase
in voltage. A good working range for the sodium di-
chromate is 0.6 to 2.6% of the electrolyte.

If under high current densities, excessive gassing re-

sults due to the resistance of the electrolyte being too low,

an ounce or two of acetic acid may be added to the
electrolyte as a stabilizer. This will tend to. imcrease
the resistance of the electrolyte and to decrzase the cur-
rent density, so that gassing will cease.

The electrolyte described should be maintained at a

temperature of between 175° F. and 185° F. Relow
this temperature range, the process will be too slow and
above this range, the electrolyte in the vicinity of the
viscous layer 15 will bubble excessively, To maintain
the electrolyte 11 at the required temperature, coocling
of the electrolyte is resorted to, as for example, by cool-
ing the tank 10 with cocling water.

it is. also desirable that the electrolytic bath be kept
under constant circulation while in use.

In. order to assure an electrolyte mixture, which is
chemically and physicaily stable, the different ingredients
of the electrolyte must be put together in a definite man-
ner. To that end, the bulk of the phosphoric acid and
of .the chromic acid preferably in anhydride form are
mixed together to produce mixture No. 1. This mixture
No. 1 is produced in a specific instance. by mixing the
phosphoric acid in the form of an extra pure syrup
84-85%, having a specific gravity of 1.70 equivalent to
59.5° Bé. with acid chromic anhydride. The propor-
tions by weight of the ingredients in mixture No. 1 on
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5 a matter of seconds, in certain cases as little as 3

the basis of the final electrolyte are preferably as fol-
lows:
MIXTURE NO. 1

Poshphoric acid (84-85%)—73.5% to 91.4% of the
final electrolyte

Acid chromic anhydride—1.7% to 11.7% of the final
electrolyte -

A Mixture . No. 2 is produced comprising phosphoric

. acld, acid chromic anhydride, sulfuric acid, hydrofluoric

acid, dichromate of sodium, and water. In this Mixture
No. 2, the proportions by weight of the ingredients are
preferably as follows, on the basis of the final electrolyte:

MIXTURE NO 2

Percent
Phosphoric acid - - 2.9-6.9
Acid chromic anhydride - 0.2-1.5
Sulfuric acid - 0.7-2.7
Hydrofluoric acid ——— 0.004-0.014
Dichromate of sodiom ________._______ 0.6-2.6
Water (sufficient to make up 100% in the
final electrolyte) . e 0.1-2.1

After Mixtures Neo. 1 and No. 2 have been separately
formed as described, they are combined.

A specific example of an- electrolyte formsd in ac-
cordance with the present invention is as follows:

MIXTURE NO 1

1 gallon of phosphoric acid Extra Pure Syrup 84-85%
(1.70'sp. gr.=59.5° Bé.) equivalent to 83.5% of the.
final electrolyte

500 grams of acid chromic anhydride equivalent to 6.7%
of the final electrolyte

MIXTURE NO. 2

200 cubic centimeters of phosphoric acid Extra Pure
Syrup 84-85% (1.70 sp. gr.= 59.5° B&.) equivalent to

- 4.9% of the final electrolyte

40 grams acid chromic anhydride equivalent to .5% of
final electrolyte

70 cubic centimeters sulfuric acid equivalent to 1.7% of
final elecirolyte .

1 cubic centimeter of hydroflucric acid equivalent to
0.009% of final electrolyte

120 grams of dichromate of scdium equivalent to 1.6%
of final electrolyte .

80 cubic centimeters of water equivalent to 1.1% of the
final electrolyte

In forming the final elecirolyte, 100 cubic centimeters
of Mixture No. 2 are combined with each gallon of Mix-
ture No. 1. )

In the operation of carrying out the surface treating
process indicated above with- the electrolyte described in
the specific example, while the electrolyte is maintained
at 180° F. and agitated, direct current is passed there-
‘_chrough between the anode and cathode immersed:there-
in.

it has been found that with an electrolyte of the type
indicated above, the average metal dissolution on normal
metals, such as aluminum and steel, is in the neighbor-
hood of 0.0003” per minute of current application with
a current density of 0.2 to 0.5 ampere per square inch.
1t is seen that the entire process can be accomplished in
sec-
onds, on work, where the roughness is very minute.
Even in extreme cases of roughness, the eniire prccess
need not take over 30 seconds to accomplish-a smooth
highly polished surface. A surface appears polished to
the eye, when the maximum depth of the pores or rough-
ness is smaller than one-half of a light wave of visible
light (one. light wave is equivalent to 5009 Angstrom
units).

In carrying out the electrolytic process of the present in-
vention with the electrolyte of the present invention. the
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“viscous layer 15 is brought up to its maximum tempera-

ture of '175° to 185° F. as quickly as possible, within-

pract1ca1 limits of voltage and current density; by.increas-
ing the voltage at a rate, rapid enough: to maintain the
temperature of said layer a few degrees (5° to 7° F.)
above that of the metal anode. By carrying.out this
initial phase of the cleaning and polishing ‘cycle as de-
scribed, a faster cleaning and polishing results, thereby
cutting down the timing of a complete cleamng and pohsh—
ing cycle to a matter of seconds:

In Fig. 2 is shown a current density-voltage curve which’
is characteristic of the process. During the entire cycle,
since the temperature of the electrolyte as well as of the
viscous layer 15 is 1ncreasmg, the resistance of said vis-

cous layer is also increasing. ~Therefore, the voltage to’

attain the necessary ‘current density at the anode 12
. must also be increased.’ During the initial phase indi-
cated by the part ¢ of the curve, the voltage is increased

at'a rapid rate to increase the temperature of the viscous .

layer 15 to the maximum level (175° F. to 185° F.) rap-
idly. S_ince, during this early phase, the temperature
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Phase a

The voltage is increased progressively from 0-18 volts
during 3 seconds. . The current density goes up to a maxi-
mum of 0.3 ampere per square inch and.then dropsto
0.21 ampere.

. Phase b -

The. voltage is increased progressively from 18 to 28
volts during a period of 3—5 seconds. - The current density
during this phase remains constant at 0.21 ampere per
square inch.

Phase ¢

The voltage is increased prooressively from 38 to 40
volts during a period of 35 seconds. . The current density
increases progresswely from 0.21 ampere per square mch

“to0 0. 45—0 50 ampere per square inch.

Phase d

The voltage is progressively increased from 40 to 45
volts during a period of 2-3 seconds. The current den-

. sity increases progressively from '0.50 ampere to 0.75

of the viscous layer 15 is still comparatively low, the -

resistance of the viscous layer is also low, so that the
increase in voltage will increase the current density, until
the current demsity reaches a maximum, after which it
drops to a steady level and continues through the phase
b. This initial phase a is the etching period, during which
the rough spots are removed and etching results.

At the end of ‘the etching phase a, as the voltage is
increased to compensate for increase in resistance of the
viscous layer 15, the current density at the anode 12 re-

25
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mains at a steady value for a period indicated by the -

interval b on the graph of Fig. 2. During this phase b,
normal smoothing and polishing action takes place, until

a point is reached at which the current density starts to.
increase, although the voltage rate increase might remain:

the same. The interval ¢ of this part of the cycle is a
transition period during which sporadic polishing takes
place and continues into phase d during which the polish-
. ing becomes more efficient and more uniform. Phase d
continues with progressive increase in voltage and progres-
sive increase in current density until the current density
reaches a peak and then drops suddenly to a level of cur-
rent density substantially the same as that attained dur-
ing phase b, to initiate phase e, even-though the rate of
voltage increase should remain the same. During phase
e extremely high polish to a mirror finish is attained and
this phase may be continued dependmg upon- the degree
of polishing required.

During the entire cycle, the rate of voltage increase
may be maintained substantially constant, and due to the
peculiar characteristics of the electrolyte, the process will

undergo the different phases described, or the voltage rate

of increase may be changed from phase to phase to. at-
tain the different phase described but with different pe-
riods. In any case, the temperature of the viscous layer.
15 is desirably maintained at a temperature of between
175° and 185° F. Also, the voltage rate of change
should be as rapid as possible to attain the quickest and
most efficient cleaning and polishing with minimum’ of
power consumption. . If the voltage increase js at too
rapid a rate, the power consumption might be compara-
tively high.

result.

For normal smoothing and cleamng, the cycle need not
be extended beyond phase b. However, for extreme
cleaning and extremely high polishing, the cycle can be
extended into phase e.

An example of a cycle which may be employed with
the electrolyte described in the specific example -above,
and in connection with an alumlnum workpiece to be
cleaned and polished, is as follows

In addition, undesirable bubbling of the
electrolyte in the v1c1mty of the viscous layer 15 might
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ampere. At the end of the third second of this phase
d, the current density will drop suddenly back to 0. 21
ampere ‘pei ‘square inch.

Phase e

. The voltage rate of change is maintained the same as
in the previous phase d for 2-3 seconds, to attain ex-
tremely high polish at a steady current density of 0.21
amperes per square inch.

It is seen therefore, that there. must be proper control
of the-relationship between the voltage and current to
carry the process through -the’ different phases.

Losses of electrolyte under normal uses may be re-
placed by maintaining a-sipply reservoir to one side of

_ the processing tank 10, and as the-electrolyte is depleted

by adherence of some-electrolyte to-the treated metal
piece withdrawn from the tank, by running into the
tank by gravity or pressure, sufficient electrolyte to make
up the deficiency. If no electrolyte is removed from
the treating tank, its strength .may-be kept up by the
addition of chromic acid and sodium dichromate.

After one month of normal continuous use, it is advis-
able to replace the entire electrolyte. :The condition of
the electrolyte necessary to replace it can be ascertained

-by noting the color of. the electrolyte,,_which changes

" from brown to green and which also manifests increased
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foaming, when it has deteriorated to the stage where
replacement is required. The stale electrolyte can be
used as a precleaner for the metal workpiece to be cleaned
before it is immersed in the fresh electrolyte, by heating
the stale electrolyte to a temperatore of between 200°—
210° F., without using electric current.

The action of the improved electrolyte in the process
described-is fast acting and can be extended to produce
a surface which is not-only smooth but has a high lustre
or polish. Tests have shown that the surface produced
by the process of the present invention-has ‘characteristics
not obtained by smoothing and polishing to a comparable
degree by mechanical means. For example, a surface -
polished by the electrolyte of the present invention will"
retain its lustre and high reflectivity almost indefinitely,
while ‘a mechanically finished surface of equal initial
smoothness . and polish will lose its polish in a short
time. Moreover, a surface treated by the electrolyte of
the present invention will be highly resistant to atmos-
pheric corrosion, and stainless steel surfaces so treated,
manifest high resistance against corrosion and especially
against the action of chlorides and organic acids indefi-
nitely, while a mechanically finished ‘surface of equal
initial smoothness and polish will erode during the same
period. - This improved result is due to-the fact that in
conjunction’ with an extremely smooth and highly
polished surface, there is produced by the electrolyte of
the present invention, an extremely thin transparent pro-
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tective sealing coating on:the:smooth polished surface.
This coating is believed to be an oxide, but unlike metals
with . the usual oxide coatings, the metals treated.as
described manifest improved weldability.

It has also been found that a plating applied in the
usual manner to a metal surface cleaned and polished
electrolytically in accordance with the present invention
manifests better adherence to the base metal, greater
durability -and resistance to corrosion, and less porosity
than in a case of a plating applied in the same manner
to a surface, which has been mechanically cleaned and
polished.

The electrolyte of the present invention can be used
for.cleaning, sealing and pohshlng all metals including
alloys, except chromium and zine. By cleéaning and
sealing is meant cleaning. and smoothing to the extent
of preventing further oxidation of the metal under nor-
mal conditions of usage. The process can be used, for
example, to clean and polish aluminum, steel, brass and
copper, and in addition it will seal the surface of the
metal against deterioration. in normal atmospheres.

In treating an anodically connected work: sheet, it has
been found that a flat cathode sheet on either or both
sides of the work sheet does not produce as even a current
distribution as might be desired.. For example, it has
been found that at the sides of the anodlcally connected
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sheet, the current density -is -greater- than in the inter- -

mediate section -of the sheet. It has been determined
that a contoured cathode sheet adjacent to the flat anode
sheet to be electrolytically. treated, produces a more even
current distribution.
be contoured by-corrugations in-the sheets, especially in
the case of a comparatively wide ancde sheet, or by
arching the cathode sheets, so that the sides of said shests
slant away from the sides of the anode-sheet, especially
in the case of a comparatively narrow.anode sheet. - Fig.

3 shows one-of thess arrangements in connection with -

a continuous anode ‘sheet-17 flanked by two cathode
sheets 18 of suitable inert material, such .as stainless
steel, -these electrodes being immersed in an- electrolyte
19 preferably of the improved character described. The
anode sheet 17 is moved continuously through the élec-
trolytic bath in the direction transverse to the plane of
the drawing of Fig. 3 at a constant rate -sufficient to
attain the necessary surface treatment:

For the arrangement of Fig. 3, the cathode sheets 18-

are corrugated in a direction: transverse to the direction
of moticn of the anode sheet 27. The corrugations of
the cathode sheets 18 ‘are preferably of sinusoidal form,
and in a specific example the depth d of each corrugation
is between 3%’ and ¥5’'; the length e from ons point
on a corrugation unit to the corresponding point on the
next corrugation unit is between %’ and 14" and the
nearest distance f of the corrugated sheets 18 from the
ancde 17 is between 1" and 2%4”. In a specific installa-
tion, the distances d, e and f, may be 34", 7’ and 134"
respectively.

Where both® faces of the anode sheets 17 are to be
finished, two corrugated cathode sheets 18 are required
on opposite sides of said anode sheet as shown.

Fig. 4 shows an arrangement in which the cathode
sheets are contoured simply in comnection with a com-
paratively narrow ancde sheet up to a foot wide, to
attain -uniform -current density across the anode. In

this - arrangement, there is provided a flat anode sheet -

20 to be cleaned and polished on opposite faces. This
sheet 26 -may be stationary while being electrolytically
treated or may be -a continuous strip being advanced
lengthwise -while being treated. On opposite sides of
this ‘anode sheet- 20 and equally spaced therefrom are
two *cathode - sheets -21, arched and symmetrically -ar-
ranged-with their-convex faces turned towards the ancde
sheet, so that- the sides of said cathode sheets slant out-
wardly away from the sides of the anode sheet. ‘This
brings. the middle section-of the cathode sheets 21 closer

The ' cathode sheet or sheets may.
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““said box-to be pushed along said surface.

8

to-the -anode:sheet::20:than ‘the side sections, the curva-
ture..of :said: cathode sheets being such as to attain uni-
form: distribution. of . current density across: the sheet.
The ~cathode. sheets :21 :may, for instance, be circularly
curved, and in a specific example, with an anode sheet
29,.:6 inches:wide; the intermediate sections of the cath-
ode sheets 21:may be spaced 2 inches from the confront-
ing :faces of .the anode sheet 20. and. the sides of the
cathode sheets .at .the -regions directly opposite the side
edges of the anode sheet may be spaced 3%% inches from
the confronting faces of the .anode sheet.

The electrode arrangement of Fig. 4 when immersed
in-an. electrolyte 22. preferably of the improved char-
acter described, and- when the -electrolytic circuit is
closed, delivers to-the anode sheet 2§ current of uni-
form density -across the:width of said anode sheet.

The. electrolyte of the present invention is useful, for
example, ‘in connection -with -the cleaning, polishing and
sealing.-of the external surfaces of airplane bedies and
wings made of aluminum, as shown in Figs. 5 and 6.
For-that -purpose; there is shown an airplane 23. with
a fuselage 24 and wings 35. The top section 26 of the
fuselage -24 ‘is usnally painted to prevent . absorption of
heat, so that this:section need not be cleaned or-polished
electrolytically or- by any .other proéess. The surfaces
27 of the wings 25, as well as the sides 28 and bottom
29 of the-fuselage 24, require cleaning, polishing and
sealing.

For. cleaning the wing surfaces 27, there is provided
a portable box 30, shown of rectangular form and
inverted over:the surface to be -treated, this box having
a gasket 31 of suitable resilient material, such as neo-
prene, around its bottom edge for hermetically sealing
the box to the surface to be treated,” while permitting
This box 30
contains. an- electrolyte- 33, which is preferably of the
improved composition described above, and a corrugated
sheet -34 ‘of ‘the type shown in Fig. 3 or of the arched
type shown in Fig. 4, cathodically connected to a source
35 of ‘direct current, while the wing surface 27 to be
treated. is anodically connected to: said source.

For cleaning, polishing and sealing the surface 27,
the box 30 is moved over this surface at a rate to effect
the necessary treating operation. Because of the quick
acting nature of the electrolyte 33, requiring only a
matter of a few seconds to effectively treat any particu-
lar area, the cleaning, polishing and sealing operation
of the entire surface can be accomphshed in a com-
paratively short time.

The surfaces 27 -of the airplane wings 25 are gener-
ally flat, so that a box 30 .presenting a substantially flat
open end or rim with the sealing band 31 around it
will suffice to maintain the desired sealing contact with
said surfaces, as the box is pushed along said surfaces.
There are, however, certain parts of the external air-
plane surfaces that have curvatures which cannot seal-
ably receive a box with a flat open end, as described,
but which require a box having an open end of corre-
sponding curvature to fit somewhat conformably and
sealably over these curved surface parts. For example,
the concave junctures 36 between the wings 25 and the
sides of the fuselage 24 are of this curved nature. Also,
certain parts of the fuselage 24 itself, as for example,
the bottom-part. 29, may be curved enough to require
an electrolytic box with a curved rim: to conform seal-
ably therewith. In any case, there are no more than
two or three general types of contours requiring elec-
trolytic boxes with rims of corresponding contours, so
that the entire cleaning, polishing and sealing operation
can be carried out with only two or - three types of
electroiytic boxes.

The -electrolyte of the present-invention lends itself
to selective action on restricted sections of a surface of
a metal piece, especially where such a piece has a shape
more intricate than that of a plain sheet. For examgple,
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after certain shearing or machining operations, a metal
piece may have burrs along the sheared machine edges,
which require to be removed. To remove such burrs,
there is contemplated the use of a cathode, shaped to
concentrate its action on these selected burred regions
of the metal piece, so that other parts of this piece are
not substantially affected by electrolytic action. Fig. 7
shows the use of the -electrolyte for that purpose. In
the arrangement of Fig. 7, the metal piece 40 is shown
consisting. of a sleeve or collar, having a cylindrical
section 41 and a flange 42. This metal piece 40, after
machining, will have peripheral burrs around the edges
44, 45 and 46. To electrolytically remove these burred
edges 44, 45 and 46, there is provided an anode rod 47
on which the metal piece 40 is impaled, so that this
metal piece is anodically connected in the electrolytic
circuit. Around this metal piece 40 and concentric
therewith, is an annular cathode 48 having peripheral

annular sections 49, 50 and 51 projecting radially in--

wardly in position directly opposite the burred edges 44,
45 and 46 respectively, so that the electrode action of
the cathode 48 is concentrated on these edges. The
arrangement described is immersed in an electrolyte 52
preferably of the improved character described.

The general arrangement shown in Fig. 7 lends itself
to deburring action on a mass production basis. For
example, the cathode 48 may be stationary but the
metal pieces 40 to be deburred may be slipped over
the anode rod 47 in numbers and moved step by step
thereon, to move said metal pieces successively in posi-
tion inside the cathode 48, to be deburred thereby, and
then successively out of said cathode when each de-
burring operation is completed.

The electrolyte of the present invention has great
utility in connection with the cleaning and smoothing
of the internal surfaces of tubular members, as for
example, the inside bore surface of the cylinders of
combustion engines or pumps. Fig. 8 shows such an
arrangement, comprising an engine cylinder 55 shown
somewhat diagrammatically, having a cylindrical bore
56 with a cylindrical internal surface 57. The boitom
of this cylinder 55 is closed by a seal 58 and a head
plate 60 is placed over the cylinder. This cylinder 55,
which is anodically connected to a source 61 of direct
current, is filled with electrolyte 62, preferably of the
type described above, and immersed in the electrolyte
in this cylinder is a cathode 63 of cylindrical form con-
centrically placed in relation to the internal surface 57.
By subjecting the electrolyte to voltage in the manner
described above, the internal surface 57 of the cylinder
engine is cleaned and smoothed to a much greater de-
gree than is possible by machining.

In cases where the contour of the anodically connected
workpiece to be cleaned and polished is intricate, it is
difficult to clean and polish electrolytically uniformly
over the contour of said workpiece. Uniform cleaning
and polishing for such a complicated contour may be
accomplished by breaking up the cathode into a series
of separate elements in conforming shielding relationship
with respective sections of the workpiece to be cleaned
and polished and by applying separate voltages to these
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cathode elements, differing in values according to the
configuration of the sections shielded. Fig. 9 shows an
embodiment of this feature, comprising a workpiece 69
connected as an anode to a source 70 of direct current
and ‘having an intricate surface 71 consisting of a series
of sections 72 of different contours, some of which may
be in the form of rounded projections or beads and some
of which are flat. Placed opposite each of these contour
sections 72 and shaped therefrom in shielding relation-
ship thereto, are a series of cathode elements 73 con-
forming in shape with the respective contour sections.
These cathode elements 72 are separately connected to
the source 70 of direct current through respective rheo-
stats 75, by which the voltages on the individual cathode
elements, and in turn the required current densities may
be selected according to the shape of the cathode ele-
ments, to attain uniform cleaning and polishing over the
entire contoured surface of the workpiece 69. The ar-
rangement shown in Fig. 9 is operated in an electrolyte
76 preferably of the improved type described above.

While the invention has been described with particular
reference to specific embodiments, it is to be understood
that it is not to be limited thereto but is to be construed
broadly and restricted solely by the scope of the appended
claims.

What is claimed is:

1. ‘An electrolyte for use in anodically treating metal
surfaces, consisting essentially of phosphoric acid and
chromic acid and containing 0.7 to 2.7% by weight of
sulfuric acid and 0.004 to 0.014% of hydrofluoric acid.

2. An electrolyte for use in anodically treating metal
surfaces, comprising at least 60% by weight of phos-
phoric acid on a pure basis, 2 to 12% of chromic acid on
the basis of the anhydride, 0.7 to 2.7% of sulfuric -acid
and 0.004 to 0.014% of hydrofluoric acid.

3. An electrolyte for use in anodically treating metal
surfaces comprising at least 60% by weight of phosphoric
acid on the pure basis, 2 to 12% of chromic acid, 0.7 to
2.7% of sulfuric acid, 0.004 to 0.014% of hydrofluoric
acid, 0.6 to 2.6% of sodium dichromate and 0.1 to 2.1%
of water.

4. An electrolyte for use in anodically treating metal
surfaces, consisting essentially of at least 60% by weight
of phosphoric acid on the pure basis and 2 to 12% of
chromic acid and containing 0.6 to 2.6% of sodium di-
chromate.
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