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" This mventlon relates to the pohshmg of '
.,metal more especially to -a process. and an -elec-

trolyte for electrolytically polishing the same.

“An object of my invention is the provision of-

- a Simple, direct and thoroughly practical elec-
trolytic polishing process. which is highly satls-

- Rt

factory and reliable for the achievement of

Dolished metal, partmularly stainless steel.

- Another object is that of providing a process
for electrolytically polishing metal, - which is
readily practiced without need  for extenswe

preperetmn and conditioning of thﬂ electrolye

employed as in beginning the pollshlng opera,-
tions after shutdown and coollng of the polish-
ing solution.

A further object of my invention is the - pro-
vision of a highly effective electrolytic polishing
solution which remains fluid at low tempera-

10

tures as during shipment: or after shutdown of

metal polishing operations employing the ‘Same,

and which is readily put into use and gives effi-
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cient performance uncler practlcal oond1t1ons of

opere,tlon
Other obJects of my 1nventlon wﬂl in part be

obvmus and in part pointed out hereinafter.
The invention accordingly consists in the com-

ination “of elements,. compos1t1on of metema,ls |

and in the several operations steps and the re-
lation of each of the same to one or mioré of: the-
others as described herein, tlhie scope of the ap-
plication of whlch is mdmated m the followmg’_
olaams B

"In the sitigle View of the acoompanymg draws

ing I ‘graphically illustrate the composzltlon'

ranges.of my électrolyte. . = -

~"As conductive to a clearer understandmg of
certain features of my invention; 1t may be noted
at this point that: stainless- steel owing to its

many useful properties- and an evér increasing -

demand for products of the metal has, hereto-
fore, on many occasions been-subjected to polish-

ing treatment for sSuch reasons as to provide a

bright surface finish. Ordinarily; without polish-
ing, the steel has a dull gray appearance and aft=
er polishing takes on a brightriess which remding
with a permanence as under conditmns of cor-
rosive attack. The steel actually varies in iis
corrosion=resistance. and  other. properties aeg-
- cording. to composition and tréatment, but for
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copper molybdenum tungsten vanadmm Cy=
lumbium, titanium, sulphur, ‘selenium, phos-

~ phorus and the Ilke for special purposes, and a,

remainder which is substantially all iron.:

In certain heretofore known polishing copera-
tlons as applied to stainless steel it has been the
customary practice to rely solely upon mechani-
cal expedients for achieving a, polished surface.

The mechanical techniques, including those of

rubbing and buffing, however, often introduce

~ minute scratches on the metal surface and more

general unevennesses which affect the surface
quality of the resulting pol1shed products. A
further difficulty arises in applying the neces-
sary amount of mechanical work for pollshmg
where the metal to be polished has relatively in-
accessible areas by reason of shape or contour.
"Then, 100, in polishing as under these conditions -

it oftén is found that the. polishing equipment
suffers a great amount of Weiar and requires too
fredquent replacement for prectmeblllty

A more recently developed practice of the siir-

face conditioning of stainless steel involves elec-

trolytic polishing -in which the stee] is madae the
anode. of a pohshmg electrolyte In general,
electrolytic polishing far surpasses mechanical

- polishing methods.from thé point of view of time
- consumed during the-actual polishing operations

- contours or angularities. Wthh may have been

and results obtained. Electrolytlc polishing en~ '

ables the ach1evement of greater surface. bI‘ll-

liance and improved beauty, there being even-

ness and umformlty of ﬁmsh desplte 1ntrloetei."'

| encountered for pollshlng
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Since the -advent of: electrolytio pohshmg 1?1_' '_

_the stamless steel 1ndustr1es however a humber

of technical difficulties stlll remain - to: reflect -
upon. eﬁicoency -and - economy of the eleotro-

chemical - -processes - employed A number of

these difficulties are traceable back to the polish~

ing solution and electrolyte which has g substan-

- tial effect upon the: cheracter and merits of the
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process. In certain of the processes, the. elec-

trolyte is open to one or more of the objections

of hevmcr low eleotmoal conductivity; poor throw -
ing power which renders- it difficult to pollsh
deep-drawn, angular or other ‘deep-shaped -ob- |
jects; a too 1ow Ppolishing rate as-applied to-stain~

less steel and: g low boiling ‘point leading to ex- .. v

cessive evaporation.  Many- of the golutions have B

an exceedingly high initial-cost: or:are: extremely_--?::s;i.:’?-.

expensive to- maintain in.view “of. tank 10_5353 e
Still other polishine:‘solutions: se Aigadtl ..
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the sake of definition usually is recognized as s0
containing from. 0.01° to. 0.25%:. or. substantially
more carpon, and about 10% t0°35% Or more
chromium, these elements being present: with or
mthout nickel, ‘and with ‘or- without: supple=

mental dd1t1ons of menganese, sﬂmon cobalt

..........

: - -



e M ]

TIfaily
a

uble salt of the electrolyte forms.

~ghipped separately to 'the customer to avoid
~ solidification at low temperatures before use.

Once the ingredients are mixed in proper pro-

portions, the resulting electrolyte has a tendency.
to solidify at temperatures below desired oper-

ating temperatures, thus making 1t pr:ﬁblemati-
cal to shut down production line polishing tre_at-
ment for any prolonged periods of time as during

holidays or over week ends without suffering
considerable expense for maintaining the solu-
tion at predetermined high temperatures to pre-
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" to five minutes, this varying of course with cir~
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cumstances such as the actual concentration of
the polishing bath, the current density, the tem-
perature utilized and the nature of the articles
being polished. In general, for a particular solu-
tion, the higher operating temperatures permit
the lower current densities, while the lower op-
erating temperatures require the higher current
densities. Moreover, T find that where the higher
current densities are employed, say on the order

 of 2.0 amperes per square inch, or more, some-

vent solidification. Where the temperature ol |

the bath is lowered a hard, glossy difficultly sol

clossy substance is crystalline and builds up in

the bottom. of the polishing tank and along the .
sides thereof. After solidification sets in, the
bringing of the frozen solution back to operat-

ing conditions is a slow, tedious procedure, the
time consumed perhaps causing loss of produc-
tion under most urgent needs. Restoration of
the electrolyte by the use of steam or other arti-
ficial expedients has been found to be trouble-
some and expensive. -Of further significance,
the restored electrolyte frequently requires ad-
justments for losses in strength and efficiency
caused by the restoration treatment, thus mak-

ing it all the more desirable to avoid the incon-

venience and expenses attendant upon solidifica-
tion. D -
An ouistanding object of my invention ac-

cordingly is the provision of a process for elec-

trolytically polishing stainless steel, employing

This hard, -
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a polishing solution-and conditions of operation

which are practical and conducive to the achieve-
ment of satisfactorily polished stainless steel sur-
faces, which process is economical in initial cost
and maintenance of the electrolyte solution em-
ployed, and which is well suited for shutdown

at relatively low temperatures over extended pe-

riods of time without substantial solidification
of the electrolyte. =~ o o
Referring now more particularly to the prac-

tice of my invention, I electrolytically treat any

of a wide variety of steel articles or products, as
for example sheet, strip, plate, bars, wire, or

shapes having a more complex surface contour |

such as tubes, grilles, bowls, frim, tools and in-

struments, using one or more of the products as
the anode in an electrolytic bath comprising as
principal constituents substantial amounts of
‘glycolic- acid, sulphuric acid and water, thus

"what broader ranges of solution may be em-

ployed, that is, 20% to 80% glycolic acid, 109,
to 60% sulphuric acid and 2% to 35% water as
generally indicated by the dotted ring in the
accompanying drawing.

" The electrolyte afforded for my electro-chemi-

cal polishing process is conveniently shipped in
suitable containers as a solution which is ready
for direct use without need for admixing of the
several ingredients by the consumer. Where de~
sired, of course, the ingredients may be mixed
or replenished at the point of use. The electro-

lyte has the highly important characteristic of

resisting solidification under usual temperature

conditions of transit and at temperatures con-

siderably below ordinary room temperatures
where the application of heat for the polishing
process has been discontinued in favor of resum-
ing operations at a later time. As further char-
acteristics, the electrolyte has high electrical
conductivity, good throwing power and a suffi-
ciently high boiling point to enable high tem-
perature use without excessive losses by evap-
oration. | | | | |

As illustrative of the practice of my invention,
I employ a suitable tank for containing the elec-

~ trolyte in the stainless steel polishing operations,
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electrolyte advantageously is an aqueous solution
composed of or containing, by weight, at least
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about 20% up to approximately 70% glycolic acid,

at least about 15% up to about 55% sulphuric
acid and at least about 5% up to about 30%

water, these figures being predicated upon acids

in anhydrous state. The composition range em-

ployed is generally indicated by the solid line

ring in the accompanying drawing.

'~ 1In electrolytically polishing the stainless steel

articles and products, I maintain a direct cur-
rent density in the electrolyte ranging from
about 0.2 to 10 or more amperes per square inch

of stainless steel surface under treatment, the
~ optimum usually being approximately 0.5 to 1.0
~ampere per square inch. This I supplement by

maintaining the solution at an operating tem-
perature advantageously between about 295° C.
and 100° C., and preferably: between about 80° C.

“and 100° C. Under these conditions, I achieve

polished surfaces on the stainless steels in:short
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this container advantageously being lined with

acid-resisting- material, as for example, lead,
ceramic or glass.” The electrolyte, which I pour
into the tank, preferably contains by weight
about 559 glycolic acid, approximately 30% sul-
phuric acid, and the remainder substantially all
water.. This solution I find is extremely valuable
for achieving an electrolytically polished surface
on the steel and, moreover, is capable of resisting
solidification at temperatures even lower than

about (—) 2°.C. =~ .

For polishing, I immeérse one or more stainless

steel products in. the .electrolyte, illustratively a

low-carbon 18-8 chromium-nickel stainless steel

‘sink strainer possessing:a cold-rolled surface

having an area of ‘about twenty square inches
and make the same the anode .by.connection

with a suitable source of direct current electrical
supply. " Also in the tank-and-immersed in the
electrolyte are one:or more: cathodes such as
of ‘lead, copper or other eleetrically conductive
material connected with the source of electrical
supply. I dispose the chromium-nickel -stainless
steel sink strainer between the cathodes, such as
between two flat lead plate cathodes, the latter
being spaced about two inches-away from oppo-
site sides of the product. The cathode area is
not critical but in order to achieve most satis-
factory results I usually find it best to have the
cathodes of a size commensurate with the bodily
extent of the stainless steel to be polished, this
for obtaining a more uniform polishing action.
Where stainless steel articles of irregular shape

‘are under treatment,” I offen resort to the use

of cathodes which conform to the-gereral con-
figuration of the articles to avoid-indue removal

o= periods of time, say for example, in about three-758 of metal by the polishing action.  Sométimes, I
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place the cathode above the anode to ensure
against 'the formation of gas pockets which
otherwise might
density. - .

Before initiating the electro-chemical action
for polishing the sink strainer product, I heat up
the electrolyte to a temperature of about 90° C.
for increased effectiveness. The supply of heat
Ior this purpose conveniently- is afforded from a
sultable heating coil immersed in the electrolyte

or built into the tank wall. Then, with the.

reduce the effective eurrent

10

electrolyte heated and maintained at the tem-

-berature just named, I effect the electrolytic
bolishing 'treatment using a current, say 20
amperes at 5 volts, which courses from the source
of electrical supply to the stainless steel strainer
product or anode, thence through the heated
- electrolyte bath to the cathode and back to the

‘source of supply. After about 10 minutes time
during which an electro-chemical removal of

stainleess steel from the anode progresses, I shut

oif the current and subject the resulting polished
strainer product to rinsing as in cold water in s
suitable rinsing tank or the like. In the pol-
ished condition the strainer has g, very high luster

and an even degree of polish. The feature of

1

2t
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employing a rinsing tank offers the advantage of

recovery of elecirolyte dragged-off from the pol-

ishing tank by the product. The rinse water
often is valuable for addition to the electrolyte

free -of pits, scratches or blemishes, and the
welded portions likewise are free of ‘burns, thus
resisting corrosion and maintaining their attrac- -
tiveness over a long period of time. The treat-
ment in accordance with my invention is at times
useful for such purposes as electrolytically re-
moving thicknesses of metal, in the sense of a

machining operation, for achieving desired di-

mensions of products as well as a smooth finish.
- The electrolytic polishing process which I pro-
vide, moreover, is economical and capable of be-
ing carried out under operating conditions which
are easy o control, or shut down as desired, as
during the expeditious mass production of pol-
ished stainless steel articles of outstanding sur- -
face quality. The equipment and materials
needed in the process are readily available and in
actual use call for little space for the electrolytic
treatment. o N |
Thus it will be seen that in this invention
there are provided an electro-chemical process
and an electrolyte for polishing stainless steels
in which the various. objeets hereinbefore noted
together with many thoroughly practical ad-
vantages are successfully achieved. It will also
be seen that the process is easy to set up and
maintain using a .supply of . electrolyte constitu-

~ ents which are .readily shipped or stored, either

a0

in replacement for water losses and drag-off and |

accordingly I frequently avail upon this practice.
My process further is amienable to electro-

‘separately orin mixed condition for direct use.
While my invention has been described as
~being particularly useful for the electro-chem- =

~Ical treatment of stainless steel, I also employ. the

chemically treating stainless steel objects such as

wire which are continuously moved through the
glycolic acid electrolyte.
continuous-polishing practice, .I subject 0.045
Inch diameter 18-8 chromium-nickel stainless
steel wire to continuous feeding through an elec~
trolyte containing approximately 50% glycolic

35
As illustrative of the

%0

acid, 55% sulphuric acid and the remainder sub~

stantially all water, the operations being in a

polishing tank some 10 feet in length and at a

- feeding speed of about 5 feet per minute longi-

tudinally through the tank. Six equally spaced

- copper anodes such as rollers illustratively pro-
vide contacts for the wire, while for example

cathodes made of straight lengths of copper bus

same procedure in conditioning or polishing any
oI & wide variety of other alloys or metal. among
these peing aluminum, Inconel and Nichrome.

It will also be understood that while T regard
glycolic -acid, sulphuric acid ‘and water as being

highly critical constituents in the electrolyte em-
ployed -in my process, amounts of other -con-
stituents which do not substantially impair ef-
lectiveness of the solution also may be present,
if desired. For example, it is readily ‘apparent

- that the beneficial results of my process will be

- partially retained where the glycolic acid is par-
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bar extend on opposite sides of the wire for the

length of the tank. In way of further example
I employ a current density of some 6.5 amperes -

ber square inch of the immersed wire surface and
- & solution temperature of about 50° C. As the
moving stainless steel wire passes from the

polishing tank it is advantageous to rinse the

polished surface in water as by directly and con-

tinuously feeding the metal through a rinsing
tank preferably adapted for recovery of drag--

off of the electrolyte.

My electrolytic polishing process is success-

fully practiced on articles and products in which

~herein is to be interpreted

b5
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tially replaced by some other aliphatic carboxylic
acid, for example citric acid, or ‘even an inor-
ganic buifer, for example phosphoric acid, as em-

-ployed in prior electropolishing processes..

AS many possible embodiments may be made

50 of my invention and as many changes may be

made in the embodiment hereinbefore set forth,
1t is to be understood that all matter described
as illustrative and not
as a limitation. | S
Iclaim: - - - -
1. In the production of an electrolytically

‘polished stainless steel product, the art which
comprises, subjecting the metal to anodie treat- -

ment in an electrolytic bath essentially consist-
Ing of 20% to 80% glycolic acid, 10% to 60% sul-

- phuric acid and 2% to 35% water, all figures be-

the stainless steel is of widely varying quality
whether of the straight chromium or chromium-

nickel grade, and reliably gives uniformly pol-

ished surfaces even where surfaces of intricate
contour are encountered.  Where the metal un-

~ der treatment possesses a hammered surface such

as 1s oiten the case of ornamental trim, hard-

ware, and objects of art including frames, bowls

and urns, an even, lustrous polish nevertheless is
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ing by weight and based upon anhydrous acids.

~ 2. In the production of an -electrolytically
polished stainless steel product, the art which

comprises, subjecting the metal to anodie treat-

ment in an electrolytic bath essentially consist-

- ing of, by weight and predicated upon anhydrous

obtained. Other stainless steel surfaces en-

countered on grilles, trays, and the like, fabri-

cated by the welding of wire, strip and other
converted forms, also are polished successfully.

- The polished surfaces achieved are substantially

75

face under tr

aclds, about 20% to 80% glycolic acid, about 109,

to 60% sulphuric acid and the remainder sub-
70

stantially all water, this amounting to not over
about 35%, while maintaining a, temperature of

~the electrolytic bath ranging between about 25°

C. and 150° C. and a sufficiently high current
density to electrically remove metal from the sur-
eatment and achieve & high polish.
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3. In the productmn cf an eelctrolyincallyj
pohshed stemless steel product, the art- which

comprises, subjecting the steel to anodic treat-

ment in an electrolytic bath essentially consisting

of, by weight and predlcated upon anhydrous
acids, about 20% to 809 glycolic acid, approx-

imately 10% to 60% sulphuric acid, and about
water, while maintaining a cur-

29 -to 35%
rent dens1ty of apprcxlmately 0.2 to 10 amperes
per square inch of metal surface under treatment

and a temperature of-the electrolytic bath re,ng-_

ing between about 25° C. and 150° C.
4, In the prcductmn of ‘an electrolytlcally
pchshed stainless steel product, the art which

comprises, subjecting the steel to treatment in an

electrolytic bath by weight and predicated upon
anhydrous acids consisting of approximately 55%
elyeolic acid, about 309 sulphuric acid, and the
remainder substantially all water. |

5. In the production of an electrolytically
polished stainless steel product, the art which
comprises, sub;nectmg the metal to anodic treat-
ment in an electrolytic bath by weight and predi-
cated upon anhydrous acids essentially consist-
ing of about 209% to 709% slycolic acid, about 15%
to 559 sulphuric acid, and about 59 to 30%
water, while maintaining’a, current density of ap-
proximately 0.5 to 1.0 ampere per square inch of
the metal surface under treatment and a tem-
perature of the electrolytic bei:h rangmg be-
tween about 80° C. and 100° C. -

6. In the production of an - electrclytlcally
polished stainless steel product, the art which
comprises, subjeeting the steel to anodic treat-
ment in an electrolytic bath by weight and predi-

cated upon anhydrous acids composed of approx--

imately 55% glycolic acid, about 30% sulphuric
- acid and the remainder substantially all water,
while maintaining a current density of approx-
imately 0.5 to 1.0 ampere per square inch of the
metal surface under treatment and a tempera-
ture of the electrolytic: bath rangmg between
abcut 80° C. and 100° C
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7. In the continuous pehshmg of stamless steel |

ere the art which comprises, continuously feed-
ing the wire through an electrolyte essentially
consisting of 209% to 80% glycolic acid; 10% to

60% sulphurlc amd and 2% to 359 water, whﬂe |

45

8
maintaining anodie contact to said wire whﬂe in
said electrolyte, all figures bemg by welght end

based upon anhydrous acids.

8. An electrolyte solution of the character de-
seribed, essentially consisting of as the principal
constituents thereof, 20% to 80% glyeolic acid,
109 to 60% sulphuric acid and remainder sub-

stantially all water up to 35%, all figures being- by
weight and based upon anhydrous acids. |

9. An electrolyte solution of the character de-
scribed, essentially consisting of, by weight and
predicated upon anhydrous acids, at least about
20% but not over 80% glycolic acid, at least about
109, but not over 60% sulphuric acid, and at
Jeast about 2% but not over 35% water. |

10. An electrolyte solution having non-freezing
tendencies at low temperatures and essentially
consisting of, by weight and predicated upon an-
hydrous acids, about 20% to 70% olycolic acid
and about 15% to 55% sulphurlc acid, and about
5% to 30% water.

11. An electrolyte solution having ncn-freez-
ing tendencies at low temperatures and essen-
tially consisting of, by weight and predicated
upon anhydrous acids, about 55% glycolic acid,

gpproximately 30% sulphuric acid, and the re-

mainder substantially all water.

12. The method of anodically polishing stain-
less steel articles which comprises electrolyzing
the article as anode in an electrolyte of approx-
imately the fcllcwmg composition:

Aqueous eulfurlc acid (95% by wt.)-_8 to 439 by volume
Aqueous olyecollic acid (V0% by wt.)-.--—-— The balance

to ach1evc Q, mlrrcr-hke polish on the article.
| J OHN PF. KREML
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