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This invention relates‘to a method and com-' 
position for chemically polishing " metals, and 
relates particularly to the polishing of stainless 
steel } ces. ' ' ' ' “WM” 

“The prior methods for polishing and brighten 
ing stainless steel surfaces include'mechanical 
polishing and'bumng and electropolishing. In 
electropolishing methods a chemical bath is used 
in combination with'an electric current to pro 
duce near mirror ?nishes on stainless steel. The 
use of chemical baths only without the use of 
electric‘current has also been proposed, but the 
resulting surface has a grainy or‘ satiny appear 
ance as contrasted to a polished surface. Thus 
these prior chemical baths brighten the stainless 
steel surfaces but do not produce a polished ef 
fect. Electropolishing, while often producing 
satisfactory results, requires the use of expensive 
equipment and large quantities of electrical 
energy while mechanical polishing is di?icult be 
cause it involves extensive handling of the work 
resulting in high labor costs. Similarly mechani 
cal polishing often cannot'be performed because 
of the intricate form and nature of the work re 
quiring polishing. ’ i 

It is the purpose of the present invention to 
overcome these disadvantages and to provide a 
method and chemical polishing composition that 
produces a polished surface which nearly ap 
proaches that obtained by mechanical or electro 
polishing methods, yet employs only a simple 
chemical process, easily controlled, and utilizing 
commercially available materials. A further ad 
vantage of this invention is that it can be used in 
connection with electro or mechanical polishing 
as a pretreatment thereby saving valuable time, 
materials, and labor by reducing the amount of 
mechanical or electropolishing required. 
No unusual or specially constructed equipment 

is required for this invention. Readily available 
acid resistant containers and heating elements 
are the‘ only materials required. The invention, 
is particularly well adapted to the removal of heat 
scale, dirt, and grease since it leaves the surface 
in polished condition usually requiring no further 
treatment. l . . , . . _ . 

Byway of de?nition of terms used in the de 
scription of this polishing process, it should be 

4 understood that the term "stainless steel” is 
meant to cover those steels being mainly alloys of . 
iron, chromium and nickel, - along with minor 
constituents; or of only iron andchromium along 
with minor constituents, 1 > a 

In the examples and the claims, the concentra 
tions of acids are expressed on a weight basis of 
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2 
the acids with the acids being of 100% strength. 
_ I have discovered that acid compositions com 
posed of phosphoric, nitric, and h drochloric 
acids have the‘eiic‘ellemperty m 
to chemically polish stainless steels, a property 
not existing in mixtures of other acids. For ex 
ample, I have tried baths composed of onl hos- . 
phoric acid, hydrochloric acid an<§l_w_aE";%L' ydro-‘ 
cmacidmand water; phos horic 
acid, nitric acid and water; mum acid, hydro 
chloric acid, and water; nitri'm ac1,hy roliiEFc 
a?id and water; sulfuric acid, hydro?uoric acid, 
0 'romic acid and wager; nitric acid, hydro?uoric 
agid, hydrochloric acid and water; and other 
combinations of acids both mentrated and 
dilute. None of the above compositions pro’ 
duced a near mirror ?nish as was produced by 
my invention. 
In the carrying out of my invention I prefer to 

use the new acid bath in a dilute form. While it 
is possible to obtain a chemical polish on stainless 
steels immersed in a concentrated bath of these 
acids, the action is very rapid and hard to control. 
Both time and temperature of immersion of the 
metal in such a bath is critical and too long an 
immersion will result in rapid wearing away and 
pitting of the metal. . . 

The action of dilute baths on the other hand, is 
not so susceptible to time and temperature vari 
ations, nor does a small change in composition 
affect the quality of ?nish obtained, as for eX-. 
ample a slight dilution of the bath resulting when 
metals previously treated in some other bath, 
and retaining a quantity of moisture on their sur 
faces, are immersed in the polishing bath. Fur 
thermore, a dilute bath is considerably less ex 
pensive than a concentrated bath. 
Accordingly I prefer to use an acid bath con 

taining not over 30 to 35% total acidity, of which, 
it is essential that the m‘ H -- - --- ' 

bmwmd, or a mixture of phosphoric 
and s _ ' ids may be used in place 0 the 
phosphoric acid constituent. Active ingredients 
of the bath are nitric and hydrochloric acids; 
however, the presence of phosphoric acid or a 
mixture of phosphoric and sulfuric acids in sub 
stantial amounts is essential to ensure smooth . 
chemical polishing rather than etching. When 
the phosphoric acid or equivalent mixture con— 
centration of the bath is reduced to the same con 
centration as either the nitric or hydrochloric 
acids or both, an inferior polish is obtained. The 
lower concentration of bath which I ?nd general 
ly effective is one of approximately 20% total 
acidity. 
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For best chemical polishing I have found that 
the nitric and hydrochloric acids should each ‘be 
present in at least 2% by weight and as a maxi 
mum their combined weights should not exceed 
the total weight of phosphoric acid. Variations 
between these limits have in general produced 
good polishes. The preferred baths, contain from 
about 15 to 25% by weight of phosphoric acid, 2 
to 4% by weight ofnitric acid_,~2 to 5% by weight 
of hydrochloric acidfa‘ndthe remainder water. 
Part. or if desired all, of the phosphoric acid may 
be replaced with sulfuric acid. One- bath that 
has given excellent results'cb'nslsted essentially 
of about 24% phosphoric acid about 3% nitric 
acid, about 3% hydrochloric acid and the re 
mainder water. 
The metal to be polished is suspended in a hot 

acid bath of preferably not more than 210"‘ F; 
temperature nor less thanl?i‘lg A temperature 
range of 180-190" F. is preferred. After consid 
erable use the acid bath becomes depleted and. 
the polishing ability decreases. The bath may be 
replenished in several ways: (1) water losses re 
sulting from- evaporation may be periodically re 
placed and the acidity of the bath improved by 
addition of fresh make-up acid without draining. 
any solution; (2) water losses and acid deple 
tion may be periodically replaced by the. addition 
of appropriate quantities of acid solution with. 
concurrent withdrawal of an amount of solution 
equivalent to the amount of upkeep acid added, 
or as another variation (3) equivalent to the 
amount of water and upkeep added. 
When method 1 is used there is a gradual in 

crease in the acidity of the bath, in method 2 
this increase in acidity is. more gradual while in 
method 3 the acidity of the bath remains very 
uniform. Many variations and modi?cations of 
the above procedure may be employed, as for 
example continuous addition of upkeep acid so 
lution and removal‘ of used acid, without affect 
ing the quality of polish obtained. 

I may replace a portion or all of the phosphoric 
acid with sulfuric acid, though ordinarily the 
polished surface is not so bright as that obtained 
by using phosphoric acid without the sulfuric 
acid. However, if I include a small portion of an 
inhibitor in the acid bath to inhibit the activity 
of the acids, satisfactory polishes are obtained 
with sulfuric acid. The preferred baths, however, 
contain at least somev phosphoric acid. Examples 
of suitable inhibitors that may be used include 
the nitrogen containing derivatives of coal tar 
such as the mixture of inorganic salts of coal tar 
bases known as "Reilly No. 2," mixed coal tar 
hydrochloride bases reacted with an inorganic 

C1 

10 

20 

25 

30' 

40? 

45 

50 

nitrogen compound known as “Reilly No. 2,” in- ' 
hibitors containing sulfurized quinodine as the 
active ingredient such as those prepared by the 
methods of Lutz, U. S. Patent 1,867,414, and sim 
ilar inhibitors of the activity of acids. The ac 
tion of these inhibitors serves to prevent the 
formation of‘ darkened areas on otherwise semi 
mirror surfaces. I ?nd‘ that while the inclusion 
of an inhibitor is preferred when sulfuric acid is 
used, it is not necessary when phosphoric acid 
alone is used. I may, however, include the in 
hibitor in the phosphoric acid bath since its in 
clusion does not impair the polishing action but 
in some cases improves it. In general, up to 2.0% 
of the inhibitor may be used, but ordinarily the 
amount required will vary from about 0.5 to 1.0% 
by weight of the bath. 
The time required to produce a polished surface 

will vary somewhat, depending upon the compo 
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4 
sition and temperature of the bath, and type of 
metal surface to be polished, and the condition 
of the surface. For normal polishing the time 
required will ordinarily be from about 5 to 10 
minutes. At a bath temperature of 180° F., ?ve 
minutes. is. ordinarily su?icient for most articles, 
and in fact such period of time is preferred as it 
permits better control of polishing action than is 
possible with shorter periods of time. -Of course, 
if there is a large amount of scale present, the 
time required may exceed 10 minutes. 
The following examples are given for illustra 

tion only and it is not intended that the claims 
be limited to‘ the speci?c concentrations of these 
examples. - 

Example 1.--A bath containing by weight of 
23.9‘ parts phosphoric acid, 2.7 parts nitric acid, 
2.2 parts hydrochloric acid, and 71.2 parts water 
was prepared. It was heated to and a 
sheet of No. 302 stainless steel was immersed for 
?ve minutes, resulting in a. bright semi-mirror 
?nish. on the metal. 
Example 2.—A bath containing by weight 3.9 

parts phosphoric acid, 3.0 parts nitric acid, and 
2.4 parts hydrochloric acid, and 91.7 parts water 
was prepared, and‘ a sheet of, No. 302 stainless 
steel was immersed for ?ve minutes at 180° F. 
There was evidence of polish, but the results were 
inferior to that of Example 1. 
Example 3.—A similar bath to that of Example 

2 was prepared except that the phosphoric acid 
was eliminated. The surface of a stainless steel 
sheet was etched, but there was no polish. 
Example 4.-A bath. composed of by weight, 

15.0 parts phosphoric acid, 42 parts nitric acid, 
2.3 parts hydrochloric acid, and 78.5 parts water, 
gave a bright semi-mirror ?nish to a piece of 
No. 302 stainless steel sheet when used for ?ve 
minutes at 180° F. ' 
Example 5.-A bath composed of by weight 

14.9 parts phosphoric acid, 2.8 parts nitric acid, 
4.6 parts hydrochloric acid, and 77.7 parts water, 
gave a bright finish to a sheet of No. 302 stain 
less steel. 
Example 6.-A portion of the phosphoric acid 

was replaced by sulfuric acid resulting in a bath 
of the following composition by weight: 3.2 parts 
phosphoric acid, 11.7 parts sulfuricncid, 3.5 parts 
nitric_a_cid, and 2.3'partshydrochloric acid?~1% 
mills? No. 22” inhibitor was added, the re 
mainder being water. The polish obtained was 
equally as good as in the previous example. 

Excellent results have been achieved while 
using the new baths for the removal of scale and 
the chemical polishing of stainless steel generally. 
Particularly good results have been achieved in 
polishing Nos. 302, 304, 308 and 321 stainless 
steels. No. 302 consists of 17-19% chromium. 
8-10% nickel, ODS-0.15% carbon and the re 
mainder iron. No. 304 stainless steel con 
sists of 18-20% chromium, 8-11% nickel, a maxi 
mum of._0.08% carbon, 2% manganese and the re 
mainder iron. No. 308 stainless steel consists of 
19-21% chromium, 10-12% nickel, a maximum of 
0.08% carbon and the remainder iron. No. 321 
stainless steel consists of 17-19% chromium, 
8-11% nickel, an amount of titanium that is ?ve 
times the amount of carbon and the remainder 
iron. 

Other experiments were carried out in which 
the Mtg-Laid to hydrochloric acid ratios were 
varied ram :1 to 1 :2, or in which the phosphoric 
acid was completely replaced by sulfuric acid in 
cluding an inhibitor. A bright seifi?nii‘fdrsur 
face was obtained in all cases. 
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For handling and storage purposes, the phos 
phoric and nitric acids may be supplied in a con 
eentrated mixture, and then mixed with water 
and hydrochloric acid and an inhibitor, if any is 
used, to make the treating bath. This concen 
trated mixture preferably contains from about 
60 to 75% by weight of phosphoric acid, about 8 
to 12% of nitric acid, and the balance water. 
An excellent concentrated mixture is one con 
taining about 65% of phosphoric acid, 9% of 
nitric acid and 26% of water. 
The foregoing detailed description has been 

given for clearness of understanding only, and 
no unnecessary limitations should be understood 
therefrom. 

claim: 
(1.. A bath for the chemical polishing of stain 

less steel surfaces and the removal of scale there 
from, consisting essentially of an aqueous solu 
tion having a total acid concentration between 20 
and 35% by weight and including nitric acid, hy 
drochloric acid, and between about 15 to 25% by 
weight of the total solution of an acid of the class 
consisting of phosphoric acid, sulfpgrigacid, and a 
mixture of phosphoric and sulfuric acids, at least 
2% of the total solution being acid‘ and at 
least 2% being hydrochloric acid, with the com 
bined weight of the nitric and hydrochloric acids 
being not more than the total weight of said 
class. 

2. The bath of claim 1 wherein said member of 
said class is phosphoric acid. 

3. The bath of claim 1 wherein said member 
of said class is a mixture of phosphoric and sul 
furic acids. 

The bath of claim 1 wherein said member 
of said class is sulfuric acid. 

5. The bath of claim 1 wherein said bath in 
cludes an organic inhibitor. 

6. A bath for the chemical polishing of stain 
less steel surfaces and the removal of scale 
therefrom, consisting essentially of about 15 to 
25% by weight of phosphoric acid, about 2 to 
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4% of nitric acid, about 2 to 5% of hydrochloric 
acid, and the remainder being essentially water. 

7. A composition of matter consisting of about 
24% by weight of phosphoric acid, about 3% of 
nitric acid, about 3% of hydrochloric acid, and 
the remainder water. 

8. The method of polishing a stainless steel 
surface which comprises contacting said surface 
with an acid solution consisting essentially of 
about 15 to 25% by weight of phosphoric acid, 
about 2 to 4% of nitric acid, about 2 to 5% of 
hydrochloric acid, and the remainder water for 
a period of time and at a temperature su?‘icient 
to remove scale and produce a bright polished 
surface. 

9. The method of claim 8 wherein said period 
of time is from about 5 to 10 minutes and the 
temperature is at least about 180° F. 

JOHN R. SWIHAR'I'. 
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