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This invention relates to the polishing of metal
surfaces, More particularly it relates to a
method and a composition for the polishing of
such surfaces by chemical means, and it is pri-
marily concerned with chemical treatments to

" polish the surfaces of metals and alloys such as
“German _silver,” copper, brass, nickel, and

1=,

“Monel.”

/ It has been common practice for many years
to remove oxide scale from metallic surfaces by 10
various pickling treatments, and numerous types
of pickling baths have been developed. The ob-
ject of such treatments is to remove the scale
without, or with minimum, attack of the metal
surface. More recently, a slightly different fleld 15
of chemical treatment has been developed in
which the metal surface is attacked by the treat-
ing solution and brightened fo a considerable
degree. This latter treatment, usually termed
“bright dipping,” has been applied to numerous 20

metals and alloys such as copper and its alloys,
aluminum and its alloys,(magnes!um and” its
~alo¥s] silver and its alloys;Zinc, cadmium, and

stainless steels.

In general, the baths most commonly used in 25
the prior art for bright dipping have been com-
posed primarily of gulfuric acid, niirie-seid..or
of mixtures of sulfuric and nitric acids. Minor
additions of many other materials, such as other
acids, metallic salts, organic compounds, car- 80
bonaceous materials, etc., have been suggested to
aid in controlling the character of the brighten-
ing aclion of these baths.

For example, a recommended bright dipping
procedure for German silver is as follows: First, .35
treat the scale-free surface in a prepickling bath
composed of 10 liters of concentratea _hitric acid,

50 grams of sodium ¢kloride, and 0.2 liter of a
sojution of soot in nitric acid; pinse; and treat
~in a final brightening bath composed of 3 liters 40
of concentrated nitric acid, 5 liters of concen-
trated sulfuric acid, 40 grams sodium chloride,
and 0.2 liter of & soliition of soot in nitric acid.

A commonly used bright dip for copper and
its alloys consists of 2 gallons of concentrated
sulfuric acid, 1 gallon of concentrated nitric acid,
V4 to 1% ounce of sodium chloride, and 1 quart
of water.

Por nickel, the following procedure has been
recommended: Dip for from 5 to 30 seconds in a
bath composed of 1,000 cubic centimeters of
water, 1,500 cubic centimetfers of concentrated
sulfuric acid, 2,250 cubic centimeters of concen-
trated nitric acid, and 30 grams of sodium chlo- 55
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ride; rinse; and neutralize in 1 percent ammonia
solution

The following brightening treatment has been
suggested for use in connection with Monel: Dip
in a bath composed of 1,000 cubic centimeters of
water, 1,000 cubic centimeters of concentrated
nitric acid, and 60 to 90 grams of sodium chlo-
ride; rinse in hot water; dip for less than 5 sec-
onds in a bath composed of 1,000 cubic centi-
meters of water and 1,000 cubic centimeters of
concentrated nitric acid; rinse; and neutralize
in a 1 percent ammonia solution

A recommended bright dip for stainless steel
comprises a solution containing 25 per cent of
concentrated hydrochloric acid, 5 per cent of
concentrated nifric acld, and 0.5 per cent of &
restrainer such as_“Rodine,” all percentages by
volume. This bath is preferably used at approx-
imately 150° F.

There are, however, certain undesirable’ f
tures in the yse of sulfuric and nitric aclds
either individua y OF as & combination of the
two, as brigh ng baths, In general, either
such baths tend to be extremely reactive, in
which case the work must be removed quickly
after insertion with resulting lack of control and
high drag-out losses, or they tend to be rela-
tively inactive, in which case excessively long
treatment times are required, Although the
rapid reaction rates of some of the bright dips
can be decreased considerably by the addition
of oxidizing acids such as chromie, such addi-
tions are not completely effective in solving the
problem because, in these baths, they tend to
decrease the uniformity of the etch. Further-
more, nitric acid alone or mixtures of sulfuric
and mtric acids tend, during use as bright dips,
to give off fumes of nitrogen dioxide. These
fumes are not only particularly corrosive, hut
they also have a marked physiological eﬁ’ect and
constitute an industrial hazard. Chromic acid
additions have been found to be at least par-

" tially effective in reducing this tendency. In ad-

dition, these prior art baths have a. . further

at they require extremely careful
cleaning of surface to be brightened to_re-.
move all traces of grease o or the re-

sulting actith WIIT YI6T B Uniform.

The aboVéiiieHtioned bright dips parently
produce their brightenwcm@!?

removing the last traces of the oxide scale and

5 drawback i

producing a contrast etch, This contrast etch

resultsIrom the attack of certain faces of the

- metallic erystals, thereby producing facets which
act as minute reflecting surfaces and create the

&
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brilliant appearance. Because of this efching
action, however, the articles so treated, even
though brilliant, are not highly reflective or
mirror-like, .

A still more recent development in the treat-
ment of metal] surfaces is the discovery of anodic
polishing, By this process, usually called elec-
tropolishing, which invoives making the surface
to be polished the anode fn an acid electrolyte,
a smooth, plane surface is obtained. 'This sur-
face is not only brilliant, as is the surface ob-
tained by certain bright dips, but it is also un-
etched and, therefore, has the highly reflective
qualities of a mirror.

It is therefore one object of this invention to
"develop a chemical treatment for metal surfaces
capable of producing a brilliant, smooth, highly
reflective, unetched, polished surface.

Another object of our invention is to develop a
chemical polishing bath for the treatment of
metal surfaces which has an intermediate re-
‘action speed, thereby making possible the proper
control of the treating operation and permitting
.the polished articles to be drained for a sufficient

‘length of time to prevent excessive bath losses
from drag-out without requiring the use of ex-
cessive and uneconomically long treating times.

A further object of our invention is to develop
a bath for chemically polishing metal surfaces

which does not give off appreciable quantities of

corrosive or noxious gases. .

Another object of our invention is to develop a
bath for the chemical polishing of metal surfaces
that has g solvent action for grease and oil and,
therefore, does _not require that all traces of
grease and oil films Be ¥émoved from the metal
surface prior to treatment.

- Yet another object of our invention is to pro-
vide g bath for the polishing of metal surfaces
that is not extremely critical in regard to compo-
sition or to temperature of operation.

. Still a further object of our invention is to de-
velop a bath for the production of smooth, bril-
liant polishes on metal surfaces which has a uni-
form action over large areas and which does not
etch the surface even though the action is allowed
to continue longer than is necessary for the pro-
duction of a polish.

Other and further objects will be apparent
from the following description and appended
claims. ‘

In contrast to the bright etches resulting from
the use of nitric acid or of mixtures of nitric and
sulfuric acids, we have found that mixtures of
nitric acid plus acetic acid and phosphoric acid,
éither singly or prelerably in combination, are
capable of producing lustrous, highly reflective,
mirror-like surfaces on “German silver,” copper,
brass, nickel, and “Monel.” Our invention, in
its preferred form, is illustrated in the drawing
and is hereinafter fully described.

. In the drawing, the figure represents a triaxial
diggram showing the relative proportions of
xitric acid, acetic acid, and phosphoric acid appli-
¢able for use in the polishing baths coming within
the scope of this invention.

In the diagram, the respective sides of the tri-
angle indicate the volume precentages of concen-
trated nitric acid, glacial acetic acid,.and con-
centrated phosphoric acid, from 0 to 100 per cént,

* The bath compositions that are operative for.

the chemica] polishing of the above-noted metals
dnd alloys are approximately defined on the ac-
companying triaxial diagram by the solid lines
. AB, BC, CD, DE, EF, FG, and GA, the approxi-

10

16

20

25

30

35

40

45

50

70

[

4

mate coordinates of the points being: A—5 per
cent concentrated nitric acid, 0 per cen

acetic acid, and ] concentrated phos-
phoric acid; B—75 per cent concenfra
acid, 0 per cent glacial acetic acid, and 25 per
cent concentrated phosphoric acid; C—T75 per
cent concentrated nitric acid, 15 per cent glacial
acetic acid, and 10 per cent concentrated phos-
phoric¢ acld; D—85 per cent concentrated nitric
acid, 15 per cent glacial acetic acid, and 0 per
cent concenfrated phosphoric acid; E—35 per
cent concentrated nitric acid, 65 per cent glacial
acetic acid, and 0 per cent concentrated phos-
phoric acid; F~—30 per cent concentrated nitric
acid, 65 per cent glacial acetic acid, and 5 per
cent concentrated phosphoric acid; and G—>5 per
cent concentrated nitric acid, 90 per cent glacial

ncetic acid, and 5 per cent concentrated phos-

phoric acid. Within the area so defined, any
composition selected will be found to be operative
in the method hereinafter described for the
chemical polishing of at least one of the metals
selected from the group consisting of German
silver, copper, brass, nickel, and Monel.

Although superior polishing is obtained within
the range above described, in order to secure the
very best results and the widest applicability in
polishing, with the most desirable reaction rates
and the greatest uniformity in operation, we pre-
fer to operate within somewhzg, narrower limits.
‘We have found that the range of proportions of
nitric acid, acetic acid, and phosphoric acid may
advantageously be Kkept within the narrower
limits represented on the accompanying diagram
by the aren approximately defined by the dotted
lines HI, 1J, JK, and KH, the approximate co-
ordinates of the points being: H—10 per cent
concentrated nitric acid, 10 per cent glacial acetic
acid, and 80 per cent concentrated phosphoric
acid; I—50 per cent concentrated nitric acid, 10
per cent glacial acetic acid, and 40 per cent con-
centrated phosphoric acid; J—50 per cent con-
centrated nitric acid, 40 per cent glacial acetic
acid, and 10 per cent concentrated phosphoric
acid, and K—10 per cent concentrated nitric
acid, 80 per cent glacial acetic acid, and 10 per
cent concentrated phosphoric acid. The pre-
ferred compositions of the baths for the chemical
polishing of the hereinabove-referred to metals
and alloys, with respect to the relative propor-
tions of nitric acid, acetic acid, and phosphoric
acid, lie within this second lesser area which is
wholly enclosed within the broader area first
defined.

By “German sjlver” we refer to the well-known
type of nickel brass having a composition within
the following approximate range in percentages
by weight: copper, 50 to 70 per cent; zine, 5 to
30 per cent; and nickel, 7 to 30 per cent. In
speaking of copper, we refer not only to relatively
pure copper, but also to copper that may contain
minor amounts of such elements as silver, arsenic,
antimony, lead, selenium, cadmium, etc, The
term “brass” is intended to cover copper-zinc
alloys of varying compositions containing, in
general, from 55 to 95 per cent copper and from
5 to 45 per cent zine, by weight, some of which
may contain small percentages of other metals
such as lead and tin, The nickel referred to may
be relatively pure nickel or it may contain minor
amounts of such elements as cobalt, copper, iron,
carbon and manganese. The term “Monel” re-
fers to the well-known alloys containing, approx-

imately, from 55 to 70 per cent nickel, from 0 to .-

7 per cent iron, and from 20 to 44 per cent copper,

L H
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by weight, as well as up to several per cent of
other minor elements such as aluminum, manga-
nese, etc.

As Is shown by the diagram, the composition of
our polishing baths has sufficient latitude to en-
able commercial operation without prohibitively
stringent control. In general, considering only
the relative proportions of the three primary com-
ponents—concentrated nitric acid, glacial acetic
acid, and concentrated phosphoric acid, the broad
composition range may vary from about 5 to 85
per cent concentrated nitric acid, from 0 to about
90 per cent glacial acetic acid, and from 0 to
about 95 per cent concentrated phosphoric acid.

Under the same conditions, the preferred com-
Pposition ranges from about 10 to 50 per cent con-
centrated nitric acid, from about 10 to 80 per cent
glacial acetic acid, and from about 10 to 80 per
cent concentrated phosphoric acid.

Although the accompanying triaxial diagram
shows the relative proportions of nitric acid,
acetic acid, and phosphoric acid in a system con-
sisting only of these three components, additional
materials may be present, For example, a bath
containing a ratio of nitric acid plus acetic gcid
and/or phosphoric acid, _s_égéctéd from thezdiagram
may, if desired, be diJuted with =& gerfain amount
of water, The maximium-aficunt of water that
may be added without markedly impairing the
character o 0. arge extent
upori“the ratio of nitric, acetic, and phosphoric
acids selected. For example, baths composed of
nitric and acetic acids, those baths lying on the
line DE of the diagram, may be diluted with as
much as 25 per cent of water; however, if this
concentration is greatly exceeded, there is a de-
cided decrease in the brightness of the resulting
polish, In general, we prefer to keep the water
added as such to these baths below approxi-
mately 10 per cent.

4
On the other hand, baths composed of nitric

- and phosphoric acids, those-baths lying along the
ling AB of the diagram, show a noticeable loss in
the brightness of the resulting polish when much
more than 10 per cent of water is added to the
bath; and, in these baths, we prefer to keep the

10

15

45

water added as such below apprg)ﬁ_xrg_te]y__&,peu.
cent of the total bath volume in‘Grder to obtain

the very best results—With Tixtures of ‘the three
acids, the maximum desirable water additions will
lie somewhere between the above-disclosed limits.

In addition, the batlis also may include minor

50

amounts of other substances such as ofganic

compounds or other acids or salts, For example,
chromium trioxide or sulfamic acid may be add-
ed to certain of the ba 0 minimize gassing and
fuming. Such additions are  particularly ef-
ficacious in the nitric acid-phosphoric acid com-
binations or in the baths containing relatively
large amounts of nitric acid and relatively low
amounts of acetic acid. We have found that
acetic acid, in itself, is effective in reducing the
fuming tendency of nitric acid; therefore, there
is no particular advantage in adding chromium
trioxide or sulfamic acid to baths containing ap-
preciable amounts of acetic acid. In general, ad-
ditions of up to about 10 per cent, based on the
total weight of the bath, of chromium trloxide or of
sulfamic atid are effective in minimizing fuming
tendencies, For most cases, however, we prefer
~ to add from about 0.5 to about 5 per cent of these
Imaterials, i
Small additions of a wetting agent are effective
¥l in materially improving the character of the pol-

i .
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tions in the general range of from 0.05 to 1.0 per
cent, based on the total bath weight, are effective
for this purpose,.

Also, the addition of traces of a chloride, such
as may be added by the introduction of small
amounts of hydrochloric acid, sodium chloride,
etc., materially increases the brightness of the re-
sulting polish., In general, an addition chem-
ically equivalent to that obtained from an addi-
tion of from 0.01 to 1.5 p:r cent of hydrochloric
acid is sufficient for this r urpose. In some cases,
the addition of minor amounts of various metal
salts such as uranium acetate and cadmium or
magnesium nitrate gives slightly improved re-
sults,

Regardless of what other nonessential ingredi-
ents may be present in the bath, however, the rel-
ative proportions that the nitric acid, acetic acid,
and phosphoric acid should bear to each other
may be obtained from the accompanying tri-
axial diagram.

"Unless otherwise specified, all percentages re-
ferred to herein will be understood to represent
percentages by volume rather than by weight.
Also, the terms “nitric acid,” “acetic acid,” and
“phosphoric acid” refer to the respective commer-
cial strength concentrated acids, In other words,
“nitric acid” refers to commercial nitric acid hav-

"ing a specific gravity of 1.42, “acetic acid” refers

to commercial glacial acetic acid having a spe-
cific gravity of 1.05, and “phosphoric acid” refers
to commercial phosphoric acid having a specific
gravity of 1.7. :

It will be understood, of course, that, within the
limits of additional water referred to above, di-
luted acids may be used. Also, although ortho-
phosphoric acid is specifically referred to, chemi-
cally equivalent amounts of other forms of this
acid, such as metaphosphoric and pyrophosphoric,

o may be used. The chromium trioxide may be

added as the compound CrOs, or chemicall

equivalent additions of the various chromates or
dichromates may_ be substituted. In the same
‘Way, the Salls of sulfamic acid may be substituted
for the acid. In respect to the addltion of wetting
agents, referred to above, we have found that such
agents as Nacconol NR, a sedium alkyl aryl sul-
fonate; Duponol ME, an alkyl sulfate, and Fixanol,
& quaternary ammonium salt, and Orvus, sodium
lauryl sulfate, are quite satisfactory. In cases

where ah addition of water is referred to, the
stipulated addition in excess of that normally
present as a result of the use of commercial acids
is meant.

. As disclosed in the accompanying diagram and
discussed hereinbefore, the polishing baths of this
invention are composed of nitric acid plus either
acetic or phosphoric acids or a combination of
the two. In general, the baths must contain at
least approximately 5 per cent of nitric acid or
satisfactory polishes are not obtained. Baths con~
taining less than about 5 per cent nitric acid tend

“either to be inactive or to etch the metal surface.

When more than approximately 85 per cent of
nitric acid is present, the baths tend to be too re-
active and to etch the metal surface. If more
than about 10 per cent of phosphoric acid is pres-
ent, the baths tend to become rather reactive
when the nitric acid concentration exceeds about
75 per cent. With the higher nitric acid contents,
the baths show a greater tendency toward fuming
and, if the solution is too reactive, there may be
a tendency for the polished surface to develop
furrows.

§iish obtained from the bath. In general, addi- 75 Baths containing nitric and acetic acids, but

’
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little or no phosphoric acid, produce quite satis-
factory polishes on German silver and fair polishes
on brass; however, approximately 5 or 10 per cent
of phosphoric acid is required before the baths at-
tain wide applicability. As mentioned hereinbe-
fore, superior results are obtained with the nitric
acid-phosphoric acid mixtures when either chro-
mium trioxide or sulfamic acid is present. In the
polishing of nickel or Monel, it is desirable to have
at least a trace of a chloride, such as is obtained
from the addition of 'a minor amount of hydro-
chloric acid, present; this is especially true in
the case of nickel, as this metal shows a tendency
to become passive unless a small amount of chlo-
ride is present.

When chromium trioxide, sulfamic acid, hydro-
chloric acid, or additional water is added to the
polishing baths of this invention in an amount
much exceeding the hereinbefore disclosed limits,
there is a tendency for the baths to stain and to
produce a smooth etch and, therefore, to give sur-
faces comparable with the bright dips of the prior
art rather than with the mirror-like, reflecting
polishes obtained by means of our invention.

In connection with the foregoing discussion of
the effect of the concentration of the various com-
ponents on the character of the polish, it will be

" understood of course that no sharp transition
takes place in the nature of the bath at the indi-
cated concentration limits. These limits merely
define what may be termed a threshold zone, and
the excellence of the polish and the flexibility of
bath operation gradually decrease as these limits
are approached and crossed.

In the method of chemically polishing German
silver, copper, brass, nickel, or Monel, using a bath
of a composition indicated as suitable by reference
to the accompanying triaxial diagram, the speci-
fied metal or alloy, or an article having a surface
of the specified metal or alloy, is merely immersed
in a bath of the selected composition for a suffi-
cient length of time tc produce the desired high
degree of polish on the metal surface.

The time required to produce the desired polish
will depend, of course, upon the character of the
original surface and upon the composition and
the temperature of the bath. In general, polish-
ing times will vary from 15 seconds to 10 minutes;
however, as will be hereinafter discussed, much
longer times may be used without decreasing the
excellence of the polish. The bath temperature
should preferably be kept below approximately
300° F'.,, inasmuch as at higher temperatures, es-
peclally with baths containing acetic acid and
phosphoric acid in the lower composition range,
there iIs a tendency for excessive fuming to take
place. Some of the disclosed baths, in fact, boil
at temperatures below 300° F. and in no case
should the boiling temperature be exceeded. How-

. ever, for most of the baths, we prefer to operate
- at temperatures between room temperature, which
" may be considered to average approximately 65°

F., and about 190° F., In fact, since only com-
paratively short periods of immersion, 15 seconds
to several minutes, are required for polishing in
many of the compositions at room temperature,
there is little, if anything, to be gained by heating
these baths. ,

It is not necessary to agitate the work when
polishing in the herein disclosed baths. However,
under certain conditions, especially in baths hav-
ing nitric acid concentrations in the higher por-
tion of the composition range, there may be some

. tendency for the polished surface to develop fur-
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s
rows. Moderate agitation of the work is quite
effective in eliminating such defects.

The polishing baths of this invention that con-
tain appreciable quantities of acetic acid have a
distinct advantage in that they are not extremely
sensitive to the presence of oil and grease fillms on
the surface to be polished. Therefore, only mod-
erate care is required in the preparation of the
surface prior to polishing in these baths. In gen-
eral, it is desirable to remove any heavy scale by
& normal pickling operation and, if the surface is
excessively olly or greasy, to degrease it by any of
the well-known methods, such as the alkaline
cleaner. With this simple treatment, the surface
is ready for polishing as disclosed herein. Our
process may also be used to polish a surface that
has previously been given a “bright dip” treat-
ment. !

The following examples are given by way of il-
lustration to show the operation of our chemical
polishing process in connection with the disclosed
metals and alloys. In describing the various fin-
ishes obtained, the following descriptive stand-
ards are used:

1. “A” polish—A highly reflective finish giving
minimum distortion of the image of a distant
object. ’

2. “B” polish—A reflective finish giving recog-
nizable but faintly fuzzy images of objects more
than an inch away. Perceptible graininess.

3. “C” polish—A reflective finish giving consider-
able fuzziness in the images of objects more
than one inch away. Readily visible graini-
ness.

4. “D” polish—A reflective finish which shows a
blurred image. Bright but grainy. ‘

5. “E” finish—A semi-reflective finish which
shows a blurred image and is grainy but bright-
ly and finely etched.

6. “F” etch—A slightly reflective surface which is
brightly and smoothly etched. More etched
than grainy.

7. “G" etch—aA bright, non-reflective finish’ with
a fine, smooth etch. This surface is typical of
tl;:t produced by the bright dips of the prior
art.

8. “H” etch—A non-reflective finish with' an etch
which is not smooth. .

Ezample 1

A bath containg 50 per cent nitric acid and 50
per cent acetic acid was prepared. At a tempera-
ture of 70° F, this bath produced a “B” polish on
German silver, containing 65 per cent copper, 25
per cent zine, and 10 per cent nickel, by weight, in
approximately 30 seconds. The sheet of German
silver was then returned to the bath and allowed
to remain for 25 minutes. At the end of this
time, the sheet had been dissolved until only a
thin foil remained; there was, however, no etch-

~ ing, and the surface remained in the category of

65

70

(]

& “B” polish.

Approximately 0.25 per cent of hydrochloric
acid was added to the bath, and the temperature
was raised to about 135° F. Under these condi-
tions, a “C” polish was produced on another sheet
of the German silver in about 30 seconds. This
bath also gave a “C” polish on Monel, containing
67 per cent nickel, 30 per cent copper, and 1.4 per
cent iron, by weight, in the same length of time.
A surface characterized as a “D” polish was pro-

“duced in about 30 seconds on a sheet of brass con-

taining approximately 35 per cent zine, by
weight, ‘ : o o
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Example 2

Another bath, containing 20 per cent acetic acid
and 80 per cent nitric_acid, was prepared. A
sheet of German silver, containing approximately
72 per cent copper, 10 per cent zinc, and 18 per
cent nickel, by weight, was treated for one minute
in this bath at a temperature of 80° F. A “C”
polish was obtained, but there was some tendency
for the surface to develop furrows. The speci-
men was re-treated for an additional minute with
mild agitation. All of the tendency to furrow was
eliminated. Approximately 0.1 per cent, by
weight, of Nacconol NR was added to the bath,
and the specimen was again immersed for ap-
proximately one minute. A “B” polish was pro-
duced.

Example 3

Another sheet of the German silver used in
Example 2 was immersed in a bath containing 75
per cent acetic acid and 25 per cent nitric acid.
The bath température was 70° F. After one
minute, the surface had an “F” etch. 'The treat-
ment was continued for an additional five min-
utes. At the end of this time, the surface had an
“H” etch and was stained.

Example 4

A sheet of German silver containing 65 per cent
copper, 20 per cent zine, and 15 per cent nickel, by
weight, was immersed in a bath containing 25 per
cent acetic acid, 60 per cent nitric acid, and 15 per
cent water. With the bath at a temperature of
130° F., a “C” polish was produced in one minute,

Example 5

A bath containing 50 per cent acetic acid and
50 per cent phosphoric acld was prepared. This
bath produced no action on German silver, cop-
per, brass, nickel or Monel.

Approximately 5 per cent of nitric acid was
added to the bath, making the composition ap-
proximately 5 per cent nitric acid, 47.5 per cent
acetic acid and 47.5 per cent phosphoric acid.
This bath produced a “C” polish on the German
silver containing 18 per cent nickel, by weight,
in one minute at about 140° F,

Approximately 0.5 per cent of hydrochloric
acid was added to this bath. With the bath
temperature at about 140° P. and with a treat-
ment time of about one minute, a “D” polish was
produced on copper, and a similar polish was
produced on & brass containing about 15 per cent
zine, by weight. Under these conditions, a “C”
polish was produced on a sheet of Monel contam-
ing approximately 60 per cent nickel and 40 per
cent copper, by weight.

Example 6

- A bath containing 10 per cent nitric acid and
90 per cent phosphoric acid was prepared. About

per cent, by weight, oI chromium trioxide was
added as sodium dichromate “With ‘the bath at
room temperature, a surface characterized as a
“D” polish was produced in 5 minutes on a sheet
of German silver containing 15 per cent nickel,
by weight. Approximately 0.5 per cent, by
weight, of Orvus was added to the bath and the
temperature was raised to 180° F. In this
bath, a similar sheet of German sflver was pol-
ished to a “C” polish in two minutes. This sheet
was then returned to the bath and allowed to re-
main for 45 minutes. At the end of this time,
the sheet had been dissolved until only a thin
film remained; there was, however, no etching,

-
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‘phosphoric acid..
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and the surface remained in the category of a
“C” polish,

At a bath temperature of 200° ¥, a “C” polish
was produced on a sheet of copper, with a treat-
ing time of 2 minutes.

A sample of yellow brass, containing approxi-
mately 35 per cent zinc, by weight, was treated
for 3 minutes in this bath at a temperature of
195° F. A “C” polish was produced. This sheet
was then returned to the polishing solution for
45 minutes. At the end of this time, only a thin
foil remained. but the surface was still charac-
terized as a “C” polish.

The bath temperature was raised to 265° P
and a sheet of nickel was treated for 3 minutes.
A “D” polish was obtained. Approximately 1.0
per cent, by weight, of sodium chloride was added,
and a “C” polish was produced on a similar sheet
in the same length of time.

A sheet of Monel, containing approximately
67 per cent nickel, 30 per cent copper, and 1.4 per
cent iron, by weight, was treated in this bath for
3 minutes at a temperature of 215° F. A “C”
polish was produced.

Example 7

A bath having the following composition was
prepared: 75 per cent nitric acid and 25 per cent
A sheet of German silver con-
ﬁﬁmng 18 per cent nickel, by weight, was treated
in this bath for 3 minutes at a temperature of
160° F. A surface characterized as a “D” polish
was produced. The bath showed a pronounced
tendency toward fuming. Approximately 3 per
cent, by weight, of sulfamic acid and 0.3 per
cent, by weight, of Fixanol were added to the
bath, At a temperature of 110° ¥, a “C” polish
was produced In approximately 5 minutes on
another sample of the German silver and on a
sample of yellow brass similar to that used in
Example 6. The addition of sulfamic acid was
increased to 6 per cent, by weight, but the char-
acter of the polish obtained was relatively un-
changed. Additions of either 3 or 6 per cent of
the sulfamic acid were effective in reducing the
fuming tendency of the bath.

Example 8

German silver, containing 10 per cent nickel,
by weight, and red brass, containing 15 per cent
zine, by weight, were treated for approximately 1

minute in a bath containing 50 per cent nitric

acid and 50 per cent p osphoric acid. With a
bath temperature of 130° F., a "C” polish was
produced on both materials.

Exzample 9

A bath containing 80 per cent nitric acid, 10
per cent acetic acid, and 10 per cent phog_moric
acid, at a temperature of 90° F., showed a marked
tendency to produce an “H” etch on the surface
of German silver, copper, brass, nickel and Monel.
The bath action was very violent.

Example 10

A bath containing 80 per cent nitric acid, 15
per cent acetic acid, and 5 per cent phosphoric
acid, at a temperature of 90° F., produced a*C”
polish in 30 seconds on a German silver similar
to that used in Example 8.

Under similar conditions this bath produced
an “H"” etch on copper and a “D” polish on yel-
low brass. The bath apparently did not attack
nickel and produced a “D” polish on Monel con-
taining approximately 70 per cent nickel and 30
per cent copper, by weight.
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Approximately 0.01 per cent of hydrochloric
acid was added to the bath, and the tempera-
ture was raised to 130° F. Under these condi-
tions, a “C” polish was produced on German sil-
ver, brass and Monel. Copper obtained an “H”
etch and an “E” finish was formed on nickel,

Exzample 11

A bath composed of 70 per cent nitric acid, 15
per cent acetic acid, and 15 per cent phosphoric
acid, with a treating time of 30 seconds at a
temperature of 90° F., produced a “C” polish on
German silver and on yellow brass, a “D” polish
on Monel, and an “H” etch on copper and nickel.

Approximately 0.25 per cent of hydrochloric
acid was added to this bath and the temperature
was raised to 120° F. With a polishing time of
30 seconds, a “B” polish was produced on German

silver, & “C” polish on brass, and a “D” polish on
copper and Monel. Nickel was given an “H”
etch.

Ezample 12

A bath containing 65 per cent nitric acid, 5 per
cent acetic acid, and 30 per cent phosphoric acid
"was prepared. At 90° F., with a polishing time
of 30 seconds, a “C” polish was produced on
German silver containing 10 per cent nickel, by
weight. Under similar conditions, a “D” polish
was produced on red brass containing 15 per cent
zinc, by weight.

About 1.0 per cent, by weight, of sodium chlo-
ride and 5 per cent of water were added to the
bath, and the temperature was raised to approxi-
mately 125° F. TUnder these conditions, a treat-
ment for 30 seconds produced a “B’ polish on
the German silver, a “C” polish on copper and on
the red brass, and a “D” polish on Monel con-
taining 60 per cent nickel and 40 per cent copper,
by weight. Nickel was given an “H” etch.

Example 13

A polishing bath containing 20 per cent nitric
acid, per cent of acetic acid, and 55 per cent
of phosphoric acid was prepared. About 0.1 per
cent, by weight, of Duponol ME and 0.5 per cent
of hydrochloric acid were added. At room tem-
perature, and with a treating time of 4 minutes,
this bath produced a “B” polish on German silver
containing 15 per cent nickel, by weight, a “C”
polish on copper; a “B” polish on brass contain-
ing 35 per cent zine, by weight, a “D” polish on
nickel; and a “D” polish on Monel containing 67
per cent nickel, 30 per cent copper, and 1.4 per
cent iron, by weight.

The bath temperature was raised to 190° F.
and the polishing time was increased to 5 min-
utes. Under these conditions, a “B” polish was
produced on the German silver, a “B” polish on
copper, 8 “C” polish on the brass, and a “C”
polish on the nickel and the Monel.

Example 14

Approximately 0.25 per cent, by weight, of
Nacconol NR was added to a bath containing 20
per cent nitric acid, 40 per cent acetic acid, 39.5
per cent phosphoric acid, and 0.01 per cent
hydrochloric acid. At 190° P, a “C” polish was
produced on German silver containing 10 per
cent nickel, by weight; a “B” polish was pro-
duced on copper; a “B” polish was produced on
red brass; and a “C” polish was produced on
nickel and on Monel containing 60 per cent nickel
and 40 per cent copper, by weight.

Each of the metals was treated in the bhath
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until only a thin foil remained. In no case was
the character of the polish materially changed.

Example 15

A polishing bath composed of 40 per cent nitric
acid, 30 per cent acetic acid, and 30 per cent
phosphoric acid was prepared; to this bath was
added 0.25 per cent of Orvus and 1.0 per cent of
sodium chloride, both by weight. Upon treat-
ment for 4 minutes at 150° F., this bath produced
& “B” polish on German silver containing 15 per
cent nickel, by weight, and “C” polishes on cop-
per, red brass, nickel, and Monel containing 70
per cent nickel and 30 per cent copper, by weight.

Approximately 15 per cent of water was added
to the bath and the above-outlined tests re-
peated. The character of the polishes was un-
changed.

Example 16

A sheet of German silver containing 15 per
cent nickel, by weight, was treated for 2 minutes
at 150° P. in a bath composed of 50 per cent
nitric acid, 40 per cent acetic acid, and 10 per
cent phosphoric acid. A “B” polish was pro-
duced. A similar sheet of the German silver was
covered with a light film of oil and treated under
the same conditions. A “B” polish was again
obtained.

These examples are given merely to illustrate
the principles, compositions, and methods of our
invention, and it will be understood that varia-
tions are possible within the scope of the ap-
pended claims,

From the foregoing description of our inven-
tion, it will be apparent that we have provided
a novel polishing bath and a method whereby
the same may be used to produce highly reflec~
tive, lustrous polishes on German silver, copper,

40 brass, nickel, and Monel. The reflectivity of the
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surfaces polished by means of our bath and
method is superior to that produced by means of
the “bright dips” of the prior arf, the surfaces
produced by the latter having a rating approxi-
mating a “G"” etch on the hereindisclosed scale.
It will also be apparent that the operation of our
chemical polishing baths is much more flexible
than that of the bright dips, which are extremely
critical to such factors as composition, tempera-
ture, and polishing time. Furthermore, water,
in addition to that present as a result of the use
of commercial strength acids, may be added.
This tolerance is of particular importance in that
articles to be polished do not have to be thor-
oughly dried prior to msertion in the polishing
bath.

As disclosed hereinbefore, sulfamic_acid may
‘be used in place of chromium trioxide; we there-
fore wish it to be understood that in claims speci-
fying chromium trioxide, we can substitute sul-
famic acid in place of the chromium trioxide, and
we wish to cover this,

Having thus described our invention, what we
claim is:

1. A bath for chemically polishing metal sur-
faces, which consists essentially of a mixture of
concenfrated solutions of nitric acid of about 1.42
sp. gr., phosphoric acid of about 1.7 sp. gr., and
acetic acid of 1.05 sp. gr., which are present in
relative percentages by volume lying within the
area defined approximately in the accompanying
diagram by the solid lines AB, BC, CD, DE, EF,
FG, and GA.

2. A bath for chemically polishing metal sur-
faces, which consists essentially of a mixture of
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concentrated solutions of nitric acid of about 1.42
sp. gr., phosphoric acid of about 1.7 sp. gr., and
acetic acid of 1.05 sp. gr., which are present in
relative percentages by volume lying within the
area defined approximately in the accompanying
diagram by the dotted lines HI, 1J, JK, and KH.

3. A bath for chemically polishing metal sur-
faces, which consists essentially of water not to
exceed 10%, and a mixture of nitric acid having
a specific gravity of about 1.42, phosphoric acid
having a specific gravity of about 1.7, and acetic
acid having a specific gravity of about 1.05 in
which the relative percentages by volume of
these three acids lie within the area defined
approximately in the accompanying diagram by
the solid lines HI, 1J, JK, and KH.

4. A bath for chemically polishing metals con-
sisting essentially of nitric acid, acetic acid,
phosphoric acid and water, in amounts varying
from about 10 to about 50 per cent commereial
nitric acid having a specific gravity of about 1.42,

- from about 10 to about 80 per cent glacial acetic
acid having a specific gravity of about 1.05,
from about 10 to about 80 per cent commercial
phosphoric acid having a specific gravity of about
1.7, and up to about 10 per cent water, said per-

- centage all being by volume,

5. A bath for the chemical polishing of metal,
which consists essentially of nitric acid having
& specific gravity of about 1.42, acetic acid having
a specific gravity of about 1.05, phosphoric acid
having a specific gravity of about 1.7, and water
in an amount up to about 10 per cent of the total
volume of the bath, the above named acids being
present in the relative percentages by volume
lying within the area defined approximately in
the accompanying diagram by the solid lines AB,
BC, CD, DE, EF, PQ, and GA.

6. The method of treating metal surfaces of
the group consisting of German silver, copper,
brass, nickel, and Monel to produce bright pol-
ishes thereon, which comprises immersing the
surface to be polished in & bath consisting essen-
tially of a mixture of concentrated solutions of
nitric acid of about 1.42 sp. gr., phosphoric acid
of about 1.7 sp. gr., and acetic acid of about
'1.05 sp. gr., the relative proportions by volume
of these three ingredients lying within the area
defined approximately in the accompanying dia-
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for a sufficient time to effect the desired degree
of polish,

7. A method of producing a bright polish on
metal surfaces of the group consisting of German
silver, copper, brass, nickel, and Monel which
comprises immersing the surface to be polished
in a bath consisting essentially of a mixture of
concentrated solutions of nitric acid of about
1.42 sp. gr., phosphoric acid of about 1.7 sp. gr.,
and acetic acid of about 1.05 sp. gr. present in the
relative proportions by volume lying within the
area defined approximately in the accompanying
diagram by the dotted lines HI, 1J, JK, and KH,
at a temperature of less than about 190° F. and
for a sufficient time to effect the desired degree
of polish.

8. The method of producing a brilliant, reflec-
tive surface on a metal selected from the group
consisting of German silver, copper, brass, nickel,
and Monel, which comprises immersing the
metal surface to be polished in a bath consisting
essentially of a mixture of concentrated solutions
of nitric acid of about 1.42 sp. gr., phosphoric
acid of about 1.7 sp. gr., and acetic acid of about
1.05 sp. gr. present in relative proportions by
volume lying within the area defined approxi-
mately in the accompanying diagram by the
dotted lines AB, BC, CD, DE, EF, FG, and GA,
and containing up to about 10% water.

HENRY A. HOLDEN PRAY.
IVER IGELSRUD.
GERALD L. SIMARD.
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