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The demand for highly lustrous ferrous alloys
of the class known as “stainless” steels is increas-

ing daily, owing to the increasingly widespread.

use of such materials as ornamental and sanitary
finishes angd fittings in 'the innumerable applica-
tions of stainless steel. 4
However, the production of the lustrous fin-
ishes to meet popular demand is attended with
difficulty. | | . o
At the time when stainless steel was becoming
introduced on the market, a good metal surface,
whitened by pickling was the only material that

was avallable practicably. - But as the use of such

steels increased, there arose & demand for highly
lustrous surfaces, which were applied for orna-
mental purposes and which were obtained by
purely mechanical operations of grinding, polish~
ing, and burnishing. | u |
- The appearance of such lustrous surfaces for
- ornamental uses whetted further the demand
therefor, both from ornamental and utilitarian
‘viewpoints; and the mechanical procedures here-
‘tofore employed proved to be inadequate to sup-
' piy the demand. -

Consequently, investigators turned to chemical,

and then to electrochemical means for producing .

the desired surface finishes. Chemical methods,

while producing finished surfaces satisfactory

for many purposes, nevertheless were actually in-
ferior to the finishes produced by mechanical
means. . .
‘not- known definitely, it may lie in the selective
action of the relatively weak solutions necessary
to produce g bright finish on inherent differences

in the surface of the metal.
Consequently, considerable attention has been
- glven to electrolytic processes for producing the

requisite finish, Highly concentrated solutions in
themselves have no ability to produce bright

~ surfaces. However, when such solutions are elec-
~ trolyzed, it has been found that finishes may be

obtained that are highly tmproved over those
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Although the cause of such fallure is
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produced by straight chemical methods, and

which allegedly are comparable to the finish pro-

duced by mechanical means.

In such electrolytic procedures, the stainless
steel article is made an anode in an electrolyte
-which usually is a highly concentrated solution of

sulphuric, or chromic, or phosphoric acid, or mix-

tures of sulphuric and phosphoric acids, sulphuric
and citric acids, or sulphuric and ‘hydrofluoric
acids. A phosphoric acid electrolyte has been
considered to be satisfactory in the past, such
“electrolyte being made up of four parts of con-
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- of the electrolyte. A foamy blanket appears on

~ meniscus
99 disappears.
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centrated orthophosphoric acid by volume to one
part of water. - : |
Now, the present invention is based upon the
discovery of a procedure wherein there are pro-
duced on stainless steel articles, lustrous finishes

-that are very substantially superior even to those

produced by the procedures outlined above. |
The present invention is based upon the dis-

covery of an inert, or inhibitor material, which,

when introduced into the electrolyte, obviates pit-

ting of the metal surface and also obviates any

selective action of the electrolyte on any part of

the metal surface. |

In the operation of any electrolytic polishing
procedures, however, certain factors always are
present. | - -

Thus, it is well known that electrolytes are .
more conductive at elevated temperatures than
they are at room temperatures. Many polishing
baths, however, must be operated at, or only
slightly above, room temperature, in order to
avoid an undulated or, in some cases, a pitted
surface. N

- Also, it is well known that certain organic ma-

" terials serve to inhibit pitting by polarization
- phenomena, as is true, for example, in the chem-

ical pickling of steels. But such materials do not
S0 operate in the presence of an electrolyzing

current, with the treated article as an anode in

the bath. . | .

In accordance with the present invention, it is
found that pyridine possesses excellent properties
for attaining the desired results. Pyridine has
been used previously in a straight chemical de-

scaling acid-bath, but its behavoir in the elec-
trolytic bath is different from other inhibitors, it

providing an excellent protection for articles be-
ing electropolished. |

While the concentrations of such chemical in-

‘hibitors are low, if such concentrations of pyri-

dine are increased in an electropolishing solution,
an immediate effect is noted upon the electrolyte
and the resultant polishing effect. L
Thus, the movement of the gas bubbles from
the article being treated is slowed down greatly,

and there is noted a change in the surface tension

the surface of the bath similar to that on a chem-
ical pickling bath when a “foamy” inhibitor is
added. The slowing up of the gases in the bath
alleviates the characteristic acid spray from the
surface thereof and the air-liquid, “extra-bright”
pattern on partially submerged articles




e,en 410

K}
Pyridine derlvatives, as well as pyridine itself,
| produce similar resulis.
In practice, it is found that en optimnrn elec-
trolyte and working characteristics which produce
brillia.nt finishes on stainless steels are: '

- Bath composition by volume

. Per cent
Orthophosphoric acid (85% grade) ..—-—-- - 80
Sulphuric acid (60° Baumé) .c—c—ceeameeee- 19
Pyridine U

Operatmg chcmcten’stzcs

Current density.._____. 5 amps. per square mch

Voltage e e 7 to 12 volts
Temperature_ - —co.o- 180-215° P,
 TiMe e e 2 t0 4 minutes, depending
- on the kind of stainless
~ steel being treated |

The above beth operates very successfully with-
out sulphuric acid, but in practice the presence
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22, 22 to the negative terminei %4 of the gen-
era,tcr 14, which for convenience is shown as being
mounted on g, shelf projecting Zrom the cell.

The bus-bars form permanent connections and
are conveniently located above thz level of the

‘electrolyte to avoid excessive action of electrolyte

spray thereon.

- In operating, it is highly mmcrtant that a uni-
form flow of current be obtained from all parts
of the surface in order to avoid shaded or un-

~dulated areas. Also, the hanger 6 is designed to
~assure an even distribution of current over the en-

tire area of the anode 2 being polished. The
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of sulphuric acid is preferable, since it adds to the

metaliic brilliance of the finish. Too much sul-
" phuric acid, however, tends to overcome the non-

pitting effect of the pyridine and disturbs the
polarization equilibrium. When no sulphunc acid

at all is used in the bath, the surface is extremely
smooth, but is found to have a bluish cast espe-
cially on the “rustless” type of steel, which is a
straight chrome alloying steel ccntemmg from
appremmetely 12% to approximately 17% chro-
mium. The electrolyte may contain at least 50%
by volume of a phosphoric acid of 86% grade and
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approximately 5% by velume of pyridine, the bal-

ance being water,
In operation, the temperature should be held

substantially constarnt at a definite selected value,
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and the current density controlled accordingly,

since g fluctuation of either produces a slightly

different degree of polishing in a given time. The

foregoing conditions are found, however, to pro-
duce excellent polished surfaces and by proper
manipulation and control, markedly superior re-
sults over raw acid electrolytes are obtained.
The time of the treatment obviously is depend-
ent upon the amount of brilliance desired on the
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finished article, and the condition of its initial

- surface.
the conditions herein disclosed is very rapid.
The voltage is kept preferably within the limits
shown, since higher voltages tend to overheat the
solution due to a given input to secure a given
‘current density, and higher voltages also tend to
increase the sparking hazard, which is more or less
dangerous in connection with a foamy electro-
polishing inhibitor,
A current density higher than 5 amps, per

square inch enhances the polish, but is uneco-

nomical and tends to overheat the solution.

‘The accompanying drawing illustrates a dia-
grammatic sectional elevation of an apparatus for
carrying out the present invention.

In general, the polishing action under
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In the single view of the drawing, the article 2

to be polished is hung into the bath 4 on a hook
or clamp 6 cepable of carrying the current re-
quired. The bath 4 is contained in a suitable con-
tainer 8 which may be composed of chemical bnck
~ or other suitable material.

The grticle 2 forms an anode and its suspendmg |

hanger 6 engages a copper bus-bar i0 which is
connected by current lead {{ to the posrtlve ter-
minal {2 of g suitable current generator (4.
Cathodes (6 of suitable material are spaced
properly around the article 2, these cathodes be-
ing connected through bus-hars I8 and leads 20,
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hanger 6 is insulated in all parts exposed to the
bath except on the area making intimate contact
with the article being polished in order to prevent
dissolution of the hanger and wastage of current.

- It will be understood, of course, that the inven-
tion is not limited to the use of a phosphoric acid
bath, or a mixture of phosphoric acid -and sul-
phuric acid, containing pyridine, as has been ex-
pressed preferentially herein, it having been
found that the addition of pyridine to any of the

‘electrolytes enumerated herein, both to those
= containing mineral acids alone and mixtures of

mineral acids with organic acids (e, 'g., citric
acid), likewise has a beneficiating effect. It may
be noted, however, that the preferred composi-
tion herein set forth produces the high polish on
both stamlees steels containing both chromium
and nickel as well as straight chromium-contain- -
ing steels, the latter usually requiring a littie

longer time under the conditions set forth above,
for example about four minutes for straighst
chrome-steels containing 12% and 17% chro-

-mium as against {wo minutes for chrome-nickel
 steel containing 189% chromium and 8% nickel,

As has been mentioned previously herein, both
pyridine and soluble pyridine derivatives may be
employed. - Among such may be mentioned spe-
cifically, conyrine, piperidine, or any other water-
soluble pyridine composition, . Pyridine and these
components of pyridine may be referred to as
“pyridine-base compounds”  which
therefore is used generically in the claims.

-Likewise, there may be employed other soluble
phosphate-ion producing materials in addition to
orthophosphoric acid: 'Thus,- metaphosphoric
acid, or pyrophosphoric acid may be employed.

The process therefore is quite flexible in its

_productlon of its desirable results

I clalm

1. A method of anodically pchshlng stainless.
steel characterized by immersing the said steel
in an electrolyte consisting of approximately 5%
by volume of pyridine, approximately 80% by -
volume of 85% orthophospharic acid, and ap-
proximately 15% by volume of 60° Baumé sul-

phuric acid, and making the said steel the anode
in an electrolytic circuit including the said elec-

trolyte, with the electrolyte current at a sufficient
density per unit area of said steel to effect pol-
ishing.

2. The process ‘of producing highly polished

 surfaces on corrosion-resistant chromium steels,

which consists in making the steel an anode in an

aqueous electrolyte containing approximately

80% by volume of phosphoric acid of 85% grade,
approximately 15% by volume of 60° Baume sul-
phuric acid, and about 5% by volume of a pyri-

dine compound, providing suitable cathodes to

assure uniform current flow from all parts of the

- steel anode, maintaining the electrolyte at tem-
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peratures between approximately 180° F. to ap-
proximately 215° F., and passing a current

expression



through the resulting cell at a current 'denslty of '
substantially 5 amps. per square inch of anode
surface and a voltage of from about 7 to about

12 volts.

3. The process of producing 'highly polishe’d
surfaces on corrosion-resistant chromium steels,
which consists in making the steel an anode in

an aqueous electrolyte consisting -of approxi.

. 2,411,410
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grade, together with approximately 15% by vol-
‘ume of 60° Baumé sulphuric acid, and about 5%
by volume of a soluble pyridine compound,.pro-
. Viding suitable cathodes to assure uniform cur..
~rent flow from all parts of the steel anode, and
passing & current through the resulting cell of
- Sufficient density and for a sufficient length of
_ | ~ time to effect a polish on the said steel surface. |
~mately 80% by volume of phosphoric acid of 85%

~ GLENWOOD J. BECKWITH.,
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