Aug. 3, 1965

TEST FOR DETERMINING CORROSION RESISTANCE OF STAINLESS STEEL

R. M. FOWLER ETAL 3,198,715

Filed Dec. 12, 1962

2'6’
//% £
30— F4
2622 o S
jjgg 22 %
16~
M0—"] 19
72._
N I :’!L””ll]
|I|”“|
>
INVENTORS

BERT M. FOWLER
AUDE R . BISHOP

RO
CL
/ ///ﬁ/v';%
ATTORNEY



United States Patent Of

3,198,715
Patented Aug. 3, 1965

lCC

1

3,198,715
TEST FOR DETERMINING CORROSION RESIST-
ANCE, OF STAINLESS STEEL, .

Rokert M. Fowler and Claude R. Bishop, Niagara Falis,

N.¥Y., assigners ¢o Union Carbide Corporation, a cor-

eration of New York
? Filed Dec. 12, 1962, Ser. No. 244,028
7 Claims., (CL 284—1)

This invention relates to a test which makes possible
the rapid determination of the corrosion resistance of
chromium-bearing stainless steels. .

Stainless stzel, particularly chromium ferritic steel, is
widely used in the automotive industry, for example, in
the form of exterior fittings, such as wheel covers, window
“frames and other decorative trim.- These exterior fittings
are subject to corrosive attack, particularly in northern
climates during the winter months due to the water soluble
salts which are often applied to road surfaces to mitigate
the effects of ice and snow. As a result of these salts,
road sludge contains such corrosive elements as sulfates,
sulfites, thiosulfates, chlorides, alkaline earths and alka-
lies. These salts when splashed upon stainless steel parts
cause pitting of the stainless steel.

Accelerated tests for determining the corrosion resist-
ance of a given stainless steel have been devised and they
are a great improvement over time consuming actual road
trials. However, such tests still require considerable
time, sometimes up to 16 hours, as well as complicated
equipment including accurate timing and cycling devices.

Accordingly, it is the object of the present invention to
provide a rapid, dependable test procedure upon which
the corrosion resistance of the stainless steel, when sub-
jected to actual road conditions, may be predicted.

Broadly stated, the test of the present invention com-
prises an electrographic procedure which will rapidly gen-
erate a corrosive aftack on a stainless steel test specimen
and visually display the severity of same, so that the rela-
tive corrosion resistance of the stainless steel may be
readily determined.

More specifically, the electrographic test procedure of
the invention comprises passing an electric current through
a polished and degreased section of the particular stain-
less steel to be tested while it is in contact with a gelatin
or other water dispersible colloidal gel coated, electrolyte
saturated member. The electric current will generate a
corrosive attack on the test specimen. The iron salts
and chromium salts which are formed as a result of the
electrolytic attack will remain embedded in the gelatin
when the gelatin coated member and the test specimen are
separated, and the extent and ‘quantity of embedded salts
is 2 visually observable measure of the relative corrosion
resistance of the test specimen. For best results, the im-
bedded iron and chomium salts are chemically treated to
convert them to salts which possess a highly distinct or
brilliant color so that the visual observation of the same
is simplified.

In the practice of the invention, the polished section of
the surface to be tested may be thoroughly degreased by
any suitable means such as washing with solvents, for
example, acetone perchloroethylene, or carbon tetra-
chloride. Suitable gelatin coated members for use in
the practice of the invention include dye transfer paper
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and the type printing paper used in the photographic in-
dustry from which the silver halides have been removed
by treatment in a hyposulfite “fixing” solution. The
electrolyte is suitably a 0.05 to 0.2 N aqueous solution of
a chloride salt of an alkali or alkaline earth metal to
which has been added from 0.5 to 3 grams, per liter of
solution, of a nitrate composed such that the ratio of
nitrate ion to chloride ion is about 6 to 1. An aqueous
sodium chloride-sodium nitrate solution which is within
the above limits is preferred.

The actual test procedure of the invention comprises
intimately contacting a paper member which has been
uniformly saturated with electrolyte with a clean and de-
greased section of a stainless steel specimen to be tested
and subjecting the specimen to electrolytic attack by pass-
ing a current therethrough, utilizing the specimen as the
anode. During this electrolysis period, if the steel is
corrosively attacked iron salts and chromium salts will
form. ‘When the gelatin coated paper is separated from
the test specimen, any iron and chromium salts which
were formed will be carried away in the gelatin, The lo-
cation and size of these salt deposits will correspond
exactly to the areas of the stainless sieel sample which
were attacked and are proportional in number and area
to the severity of the attack. The severity of the attack
may be graphically illustrated by treating the salts with a
potassium ferricyanide solution to give the salts a distinct
bluish color. '

The test procedure of the invention is most readily ac-
complished by forming a multi-layer assembly comprising
a uniformly electrolyte saturated, gelatin coated member,
a test specimen of stainless steel having a polished and
degreased surface section, and a thin insulating member
interposed therebetween, said insulating membér being
provided with an opening of know area across which the
gelatin coated member and the test specimen are in inti-
mate contact. - The purpose of the insulating layer is to
insure passage of the electrolyzing current through the
specimen at a known current density. The required in-
timate contact between the gelatin coated paper and the
specimen may be suitably obtained by loading the multi-
layer assembly with a heavy weight or preferably by
compressing it in a small hydraulic press.

The invention will be more readily understood by ref-
erence to the accompanying drawing wherein the sole

figure is a schematic view of a suitable assembly for carry-
"ing out the test procedure of the invention.

Referring now to the drawing, an insulating layer 19,
such as rubber sheet or the equivalent, is placed upon a
platen 12 of a press 14. . An electrically conductive mem-

- ber 16 is placed adjacent the insulating layer 18 and the

negative pole 18 of the power supply is attached thereto.
Adjacent the electrically conductive member-16, a layer
of a suitable electrolyte saturated member 28, such as
blotting paper, is disposed and this member serves as an
electrolyte reservoir. A . suitable electrolyte saturated
paper 22 which is coated on at least one surface with a
layer of gelatin 24 is superimposed on the blotting paper
member 28, with the gelatin layer 24 facing upward.
The gelatin layer 24 is partially covered with a very thin
insulating film 26, such as polyester film, in which an
opening 28 of known dimensions has been provided.
The opening 28 should be centered with respect to the
electrolyte saturated paper 22. When the degreased and
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polished surface of the stainless steel specimen 39 to be
tested is placed in contact with the gelatin layer 24, on
the electrolyte saturated paper 22, any entrapment of air
bubbles should be carefully avoided. The specimen 39,
must, of course, present a somewhat larger surface than
the opening 28 in the insulating film 26. Since the test
specimen 39 is generally a thin sheet it is preferably backed
up by an electrically conductive member 32 so that the
load of press 14 may be uniformly applied over the full
area of the specimen 39. The positive pole 34 of the
power supply is connected to the conductive member 32.
. Alternatively, if desired, the positive pole could also be
applied directly to the test specimen.

After the assembly has been built up as set forth above,
sufficient pressure is applied to the assembly to bring the
gelatin layer 24 on the electrolyte saturated paper 22 and
the test specimen 39 into intimate contact over the entire
area of the opening 28, in the insulating film 28. While
the specimen 3@ and the gelatin layer 24 are in intimate
contact, a current of known density is passed through the
assembly to formulate corrosive attack.

At the end of the electrolysis period, the pressure is
released, and the elecirolyte saturated paper 22 with the
gelatin layer 24 are separated from the test specimen
39 and the intervening insulating film 26. The gelatin
layer 24 is then treated, suitably by being dipped into or
being sprayed with a potassium ferricyanide solution in
order to impart a bluish color to any deposited salts. The
location and size of these deposited salts will correspond
exactly to.the areas of the test specimen which were at-
tacked, and are proportional in number and area to the
extent of attack.

A specific example of the test of the invention utilizing
the illustrated apparatus is the following:

Example 1

A multi-layer assembly comprising a AISI No. 430;
0.02 inch thick chromium stainless steel test specimen, a
surface portion of which had been degreased with acetone
and a layer of dye transfer paper which had been saturated
with an aqueous 0.1 N solution of sodium chloride to
which 1.0 g. of sodium nitrate per liter of solution was
added, the facing surface of the paper having an approxi-
mate 0.002 inch thick layer of photographic film type
gelatin, was assembled with a .0005 to .001 inch thick
polyester insulating film layer between the test speciment

and the gelatin surface. The polyester film was provided |

" with an opening having an area of 7 cm.? and this open-
ing was centered with respect to other members.

This assembly was placed in the apparatus of the draw-

ing and a load of 100 to 400 p.s.i. was applied to the as-

sembly. While under this pressure, a current density of ;

approximately 0.3 milliampere per square centimeter of
exposed test specimen area was passed through the as-
sembly for approximately one minute. The gelatin sur-
face wa s subsequently dipped into a 1% aqueous potas-
sium ferricyanide solution and held there until mo fur-
ther increase in blue color of the deposited and embedded
salts was noted (approximately 15 seconds to I minute).
The excess potassium ferricyanide solution was washed
out in running water and the paper was dried. The paper
may be kept as a permanent record, if desired.

The success of the test of the invention was determined
by comparing the indicated degree of resistance or attack
as measured by the test of the invention with the same as

measured by the commonly practiced dip and dry test

which consists of alternately dipping the specimen in 2
special salt solution followed by drying at a temperature
of 100° F. to 120° F. This dipping and drying is con~
tinued for about 8 hours which is approximately 288
complete cycles.
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These two tests were applied to a series of chromium
steels with the following results:

Steel, AISI No. Inventive Test Dip and Dry Test

Very resistant.______ Very resistont.

B0 s Some attack__._.._... Some attack.

430. R Heavily attacked....| Heavily attacked.
433 Medium attack .. Medjum attack.
434 e e do. Do.

435 - Heavily attack --| Heavily attacked.
436 - o e Medium attack_ _____ Medium attack.

From the above, it will be appreciated that the test of
the invention which may be completed in considerably
less than 5 minutes gives the exact same results as the far
more complicated and time consuming dip and dry test.

It should be further appreciated that while any of the
numerical conditions of the test as set forth above may
be varied somewhat such as for example the current
density or the duration of the electrolyzing period, depend-
ing upon the senmsitivity of the particular stainless steel
specimen being tested, all the variables should be heid
constant when comparing the relative corrosion resistance
of a series of test specimens.

We claim:

1. A test for determining the relative corresion resist-
ance of a stainless steel specimen, said test comprising the
steps of preparing a polished and degreased surface sec-
tion of said stainless steel specimen, uniformiy saturating
an absorptive member, which has a gel coating on at least
one surface, with a 0.05 to 0.2 N aqueous electrolyte sofu-
tion of a chloride salt, chosen from the group counsisting
of alkali salts and alkaline earth metal salts, to which has
been added from about 0.5 to about 3 grams, per liter of
solution of a nitrate composed such that the ratio of ni-
trate ion to chloride ion is about 6 to 1, intimately con-
tacting the gel coated surface of said electrolyte saturated
member and said polished and degreased surface section
of said stainless steel specimen, making the stainless steel
specimen anodic by passing a direct current of known
density through said stainless steel specimen while main-
taining said intimate contact, and then chemically treating
any jron salts and chromium salts which were formed as
a result of said direct current and which will be embedded
in said gel to convert them to salts having a highly dis-
tinct and visible color.

2. The test of claim 1 wherein said electrolyte solution
is an aqueous solution of sodium chloride and sodium ni-
trate and said deposited iron salts and chromium salts are
treated with a potassium ferricyanide solution to impart
a bluish color thereto.

3. A test procedure for determining the relative corro-

. sion resistance of a stainless steel test specimen, said pro-

cedure comprising forming a multi-layer assembly which
comprises an absorptive member which has a gelatin coat-
ing on at least one surface and which is uniformly satu-
rated with a 0.05 to 0.2 N aqueous elecirolyte solution of
a chloride salt, chosen from the group consisting of alkali
salts and alkaline earth metal salts, to which has been
added from about 0.5 to about 3 grams, per liter of solu-
tion of a nitrate composed such that the ratio of nitrate ion
to chloride ion is about 6 to. 1, a test specimen of stain-
less steel having a polished .and degreased surface section,
and a thin insulating member interposed between the ab-
sorptive member and the specimen, said insulating mem-
ber being provided with an opening of known area across
which the gelatin coated member and the test specimen
are in intimate contact making the stainless steel specimen
anodic by a direct current of known density through said
stainless steel specimen while maintaining said intimate
contact, separating said member with said gelatin layer
from said test specimen, and said intervening insulating
member, and then chemically treating any iron salts and
chromium salts which were formed as a result of said elec-
tric current and which will be embedded in said gelatin
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to convert them to salts having a highly distinct and vis-
ible color.

4. The test procedure of claim 3 wherein said electro-
Iyte solution is an aqueous solution of sodium chloride and
sodium nitrate and said deposited iron salts and chromium
salts are treated with a potassinm ferricyanide solution to
impart a bluish color thereto.

5. The test procedure of claim 4 wherein said intimate
contact is provided by compressing said multi-layer as-
sembly in a press.

6. The test procedure of claim 5 wherein an electrolyte
teservoir member is disposed adjacent said electrolyte sat-
urated absorptive member.

7. The test procedure of claim 4 wherein said electro-
lyte saturated absorptive member is paper, said insulating

10

15

6

member is polyester film, and said direct current is at a
density of approximately 0.3 milliamperes per square cen-
timeter of exposed test area.
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