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[57] ABSTRACT

A method of blackening ferritic and/or martensitic
stainless steels which comprises treating said steels by
(a) immersing said steel in a fused alkali metal hy-
droxide-salt bath, which as conventionally produced
may initially contain from 3 to 8% water of hydration,
for a period of 1-30 minutes, at a temperature of
540°-720°F., and (b) continually adding water during
the heat treatment in step (a); said water can be intro-
duced in the form of steam to replenish the original
water of hydration of the fused bath and the amount
of water added ranges from an effective amount to
about 15% by weight of the fused salt mixture. This
addition of water in the ranges 1-15% and 3-8% re-
plenishes and reinvigorates the molten salt bath so
that the bath likewise has a satisfactory water content
based on the molten salt mixture. A preferred fused
salt mixture is the eutectic mixture of sodium and po-
tassium hydroxide, and an additive agent such as an
alkali metal molybdate may be added to the fused salt
mix.

12 Claims, 1 Drawing Figure
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BLACK OXIDE COATING FOR STAINLESS
STEELS

The present invention relates to a process for produc-
ing a black-colored oxide coating on the surface of fer-
ritic or martensitic-type stainless steel alloys by means
of heating said steel in contact with an initial fused po-
tassium hydroxide, sodium hydroxide, or mixture of al-
kali metal hydroxides whereinto steam is injected for
the purpose of maintaining in the fused bath a concen-
tration of water which may range from a small but ef-
fective percentage up to approximately 15% by weight
of the fused salt mixture. The steam is continually
added during the entire heating step of the process
which is conducted under open conditions at a temper-
ature of 540°-720° F. for 1-30 minutes to replenish and
restore the original content and consequent fused bath
activity. It should be understood, however, that in this
invention the introduction of steam is not used in limit-
ing sense but as an efficient and convenient way to sup-
plement the loss of water from the fused salt bath due
to evaporation.

PRIOR ART

The prior art pertinent to the present invention con-
sists of use of molten alkaline or neutral salt baths,
which in all cases are substantially anhydrous and con-
tain at least one oxidizing agent. -

Thus, in Pat. No. 2,479,979, Spence et al., (Hooker)
teach a procedure using an anhydrous fused alkali bath
with 5-10% of an oxidizing agent at temperatures of
550°-1100° F. for 1-25 minutes. Pat. Nos. 2,618,578
by Kreml (Armco), 2,537,035 by Clingan (Armco),
and 2,542,994 by Cobb (Armco) describe the use of
various molten alkali metal dichromate compositions,
all of which appear to be anhydrous, in blackening
stainless steel alloys. In Pat. No. 2,431,986 by Clingan
(Armco), an anhydrous molten salt bath consisting of
alkali metal nitrates is claimed to produce in 5-40 min-
utes colored coating on stainless steel surfaces at
730°-840° F.

The method of the present invention is conducted in
the fussed bath at high temperature, but contrasted
with the art above, water (steam) is continually intro-
duced in order to maintain a small but effective water
content in the fused salt bath.

There is a current commercial demand for a strongly
adherent black coating on steels with high mechanical
and structural strength, namely, on stainless steels.
Such steel is known to be more resistant to chemical
attack. The present process is designed to satisfy a need
and is made for blackening martensitic and/or ferritic
stainless steel of the AISI 400 series.

The present process is tailored specially for the alloys
embodying chiefly iron and chromium which are less
expensive than those austenitic type embodying iron,
chromium and nickel. The success of the present with
the so-called ferritic and martensitic stainless steel vari-
ties makes is commerically important in industry for
utilization in the manufacture of automotive trim,

windshield wipers, etc., where corrosion resistance is a-

prime concern and yet, other properties related to ease
of manufacture and strength in use are also important.

FIG. 1 shows a schematic illustration of a preferred
form of utilizing the present invention, 11 — Meker
burner, 12 — open container, 13 — steam coils, 14 —
stem generator, 1§ — pressure equalizing tube, 16 —
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2
Meker burner or electric hotplate, 17 — fused salt mix-
ture, 18 — thermometer, 19 — shield to prevent

splashing and to facilitate retainment of steam in the
molten bath.

GENERALIZED DESCRIPTION OF THE PROCESS

As a substrate material, a stainless steel of the iron-
chromium type is utilized. Such steels are described in
The Making, Shaping and Treating of Steel (U.S. Steel
Corporation), 8, 1964, Chapter 45, especially page
1112, and also The Encyclopedia of Chemical Technol-
ogy, I, (Interscience-Wiley) Volume 18, 1969, at
pages 790-791. In general, in utilizing AISI-type mem-
bers, those designated in the 400 series on page 791
(ECT above) are operable for the present invention.

With reference to the alkali metal hydroxide, an eu-
tectic mixture of sodium and potassium hydroxides is
preferred for the present invention due to the advanta-
geously lower melting point, although under special cir-
cumstances, sodium hydroxide or potassium hydroxide
may also be used in order of preference. sodium and
potassium hydroxide are utilized as commercially re-
ceived solids in form of flake or lumps. Commercial an-
hydrous sodium hydroxide is available with less than
0.5% of moisture and also at 3% moisture, and potas-
sium hydroxide moisture content ranges from 6 to 8%.
Definitive test material is noted in The Encyclopedia of
Chemical Technology, 11, (Interscience-Wiley) 1968,
Volume 1, page 753, and Volume 16, page 391, respec-
tively.

The thrust of this invention is in preferably continu-
ally adding water during the treating process to replen-
ish and restore or maintain and augment the water con-
tent initially present in the fused salt mixture. The utili-
zation of steam is a convenient way to supply water
under the employed conditions, but this invention is by
no means limited to this method of water addition. In-
termittent steam or water addition may be utilized, but
is not as efficient.

Heating is accomplished in an open vessel by dipping
or suspending the metal article beneath the surface of a
fused bath. By definition, “fused salt bath” in the pres-
ent specification means sodium or potassium hydroxide
or mixture of the same, which contain 3-8% water of
hydration and as normally sold. Further, removal of
water from commercial potassium hydroxide down to
less than 6-8% would require extraordinary methods
such as vacuum or by heating the fused material at tem-
peratures higher than 550° F. for prolonged periods of
time.

When the metal article is immersed in the fused salt
bath and is heated for 2—-30 minutes at a temperature of
540°-720° F., water in the form of steam, preferably

.dry steam, is added through steam jets immersed in the

molten bath and in an amount so that the total retained
water amounts to about 2-15% by weight of the initial
fused salt mixture. More restrictive but more effective
ranges for water addition are progressively about
2-12% and 3-8% by weight as above. At the end of
treatment the stainless steel article, such as an automo-
bile window wiper frame, is coated with a thin and very
tight oxide layer, and is removed in blackened condi-
tion.

A preferred modus utilizes an eutectic mixture of
fused salt (about 50% NaOH - 50% KOH) as a starting
material, and into the mix may be added an oxidizing
agent in the extent of 5-10% by weight of the initial salt
mixture; as additive preferably an alkali metal molyb-
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date is employed. Where the term ‘“alkali metal™ is
used herein, it refers to sodium and potassium, e.g., hy-
droxides and molybdates. The utilization of an eutectic
mix of sodium and potassium hydroxide, while not es-
sential, is preferred because of a lower imelting point
which, in turn, enables one to discontinue the heat
overnight without solidifying the bath. In other words,
one may cool the bath down to 300°F. and still have a
liquid. As oxidizing additives, an alkali metal molyb-
date such as sodium molybdate is preferred and utilized
in amounts usually of 5-10% by weight of the fused salt
mix. Also operable are equivalent chromates and per-
manganates. ‘

WATER CONTENT

When the commercial grades of granular sodium and
potassium hydroxide are intimately mixed in equal
weight proportions, calculations confirmable by chemi-
cal analysis show that the mixture will contain approxi-

mately 3—5% water by weight. We have discovered 2

that when such a mixture is heated in an open vessel
until melted and heating is continued until a tempera-
ture in the range of approximately 540°-720° F. is at-
tained, the resulting fused salt bath is effective in im-

parting black coatings to AISI 400 series stainless steels <

4

sodium and potassium percentages present in each ti-
tration sample was calculated from (1) the total alka-
linity value of the sample, and (2) the ratio of sodium
and potassium in the original mixture. The percentage
of water in each sample was determined by difference,
i.e., by deducting from 100% the sum of the carbonate
ion, sodium ion, sodium and potassium percentages.

During the aforesaid testing procedure, the water
content of the molten mixture was also assayed by a
second method wherein the entire bath vessel and con-
tents were weighed periodically. By making corrections
for (1) sampling losses, (2) drag-out losses, and (3)
carbonate accumulation resulting from reaction be-
tween air-borne carbon dioxide and the alkaline metal
hydroxides, a net bath weight was obtained. Differ-
ences between the original net bath weight of 2000
grams and subsequent experimentally determined val-
ues for the net bath weight were attributed to changes
in the water content from the original 4.7% by weight.

As shown in Tests Nos. 1 and 2 in Table I, the molten
mixture was initially effecitve in imparting a desirable
black color to the stainless steel. As the bath aged,
however, its water content progressively descreased
due to evaporation until ultimately the blackening
power was lost (Tests Nos. 4, 5 and 6).

TABLE 1

Treatment of AISI 434 Stainless Steel Specimens
With Molten Mixture of 50% (Wt.) Granular Sodium
Hydroxide - 50% (Wt.) Granular Potassium Hydroxide “*

Bath Age, Specimen Average  Appearance of Coating on
Test Minutes at Immersion Water Test Specimens
No. 580°F. ¥ Time, Content
Minutes Wt.% ‘>  Apparent
Thickness Color
1 3 12 4.4 Thick Black with
smut
2 40 12 34 Moderate Black
3 82 12 2.5 Thin Blue-Black
4 140 12 1.8 Thin Brown
5 211 12 1.3 Thin Brown
6 309 60 0.9 Thin Brown

) fnitial net weight of molten mixture was 2000 grams. Treatment temperature was 580 £ 10° F.
" Elapsed time between instant when bath first reached 580° F. and instant when test specimen was

immersed.

 Average of values determined by two methods described in text.

immersed therein. The bath is found to be effective,
however, only so long as a substantial portion of water
is retained, and the effectiveness is virtually lost if the
bath is allowed to become substantially anhydrous due
to evaporation.

This discovery is illustrated by an experiment in
which 1000 grams each of commerical granular sodium
and potassium hydroxides were intimately admixed.
The mixture was found to contain 4.7% by weight of
water. The mixture was placed in an open beaker made
of AISI series 300 stainless steel and rapidly heated
with a Meker burner. Approximately one-half hour was
required to melt the mixture and raise the temperature
to 580° F. Thereafter the temperature was maintained
at 580° = 10° F. for several hours while periodic tests
were performed to evaluate the effectiveness of the
molten mixture in blackening AISI 434 stainless steel.
Samples of the molten mixture were taken periodically
during this period and analyzed quantitatively for car-
bonate ion and hydroxide ion by the alkalimetric titra-
tion method described in F. J. Welcher, Ed., “*Standard
Methods for Chemical Analysis”, Van Nostrand Rein-
hold Co. (1963), Vol. lIA, page 602. The sum of the
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We have discovered that the loss of effectiveness dis-
cussed and illustrated in the preceding paragraphs can
be prevented or reversed by injecting water, most con-
veniently in the form of steam, directly into the molten
bath. This is illustrated by a continuation of the experi-
ment described in the preceding paragraph and in
Table I wherein steam was injected into the de-
activated bath until the water content exceeded 8% by
weight. The stem was injected into the molten mixture
over a period of 110 minutes by means of an apparatus
essentially identical to that in FIG. 1. Upon termination
of the steam injection, the molten mixture was main-
tained at 580° = 10° F. for several hours while periodic
tests were performed to assay the water content and to
evaluate the effectiveness in blackening AISI 434 stain-
less steel. The results are presented in Table I

A comparison of these results with those in Table I
indicates that the steaming process restored the effec-
tiveness of the bath for blackening and that the effec-
tiveness was then retained until in Test No. 10 the

* water content was again allowed to reach a low value

due to evaporation.
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TABLE II

Treatment of AISI 434 Stainless Steel Specimens

With Steam-Reactivated Molten Mixture of 50% (Wt.)
Granular Sodium Hydroxide - 50% (Wt.) Granular
Potasstum Hydroxide :

Bath Age, Specimen Average Appearance of Coating
Test Minutes at Immersion Water on Test Specimen
No. 380° F. @ Time, Content,
Minutes WT.% ‘©  Apparent
Thickness Color

7 3 12 8.4 Thick Black with smut

8 27 12 6.1 Moderate  Black with smut

9 65 12 3.6 Moderate  Black with smut
10 169 12 less than  Thin Light Blue-

2.0 Brown

" Reactivated bath described in Table I was stcamed in the molten state until water content exceeded

8%.
h

“! Average of values determined by two methods cited in text.

Based on these experiments and data from the litera-
ture, the water content required for effective blacken-
ing its approximately 2.3%, but it may range up from
1% in some special circumstances. The important point
is that injection of steam produces beneficial results,
and that those skilled in the art will be capable of ad-
justing the steam injection rate so as to maintain the de-
sired degree of effectiveness as to water content.

In connection with this, it was found that when steam
is injected into the bath at a relatively low rate and a
relatively low but efficient water concentration is
thereby maintained, the resulting coatings tend to pos-
sess a relatively thin and shiny appearance. Conversely,
when the steam injection rate is relatively high and the
water concentration is relatively high but within the
range covered by our claims, the resultant coatings
tend to possess a relatively thick and dull appearance.
This invention thus affords the user a broad selection of
attainable results.

The following examples are illustrative of the prac-
tice of this invention; however, the invention is not in-
tended to be limited by the details set forth in these ex-
amples.

EXAMPLE I
Effect of Water Addition on the Blackening Process

The following mixture consisting of:

KOH, Flake 475 g.
NaOH, Flake 475 g.
Na,MoQ, 50 g.

1000 g.

was heated and melted in an AISI 300 series stainless
steel beaker. The vessel was weighed from time to time
in order to observe eventual loss of weight. After melt-
ing, the above mixture was heated and maintained at a
temperature of 550°-600 F., while specimens of AISI
434 stainless steel were blackened by immersing them
for 5-10 minutes into the molten mixture. The coatings
were black, thin, and very tight; they could not be
rubbed off even by rubbing hard with steel wool. After
2 Yehours, the net weight dropped to 958 grams (cor-
rected for dragout losses). The loss of 4.2% was attrib-
uted to the evaporation of water initially present in the
mixture. the observed weight loss paralleled the loss of
blackening activity; specimens immersed for 10 min-
utes acquired only very thin, irridescent coatings. The
bath was allowed to cool down, then 41 grams of water

Elapsed time between termination of stcaming step and immersion of test specimen.
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were added. The heating was resumed and the bath
showed that its blackening activity toward AISI 434
stainless steel was restored.

EXAMPLE 1I

Molten Bath Activity Depending on Introduction of
Steam

In order to prevent or reverse the loss of small
amounts of water necessary for the blackening process,
a continual water addition was an essential factor. An
apparatus described in FIG. 1 was set up. The ‘initial
bath composition was identical with one described in
Example I. Bath activity in blackening of AISI 434
stainless steel was studied as a function of water ab-
sorption via steaming, using weight changes to assay
water content changes. The bath at 575° F. was active
at the initial net weight as previously described in Ex-
ample I, as well as when the net weight gain was about
4%. When the net bath weight loss reached about 3%,
the activity was diminished.

Addition of 100 grams of Na,COj; did not destroy the

'activity of the bath. Therefore, pick-up of CO, from the

air should not be considered detrimental to the bath
and no special precautions to exclude the contact with
the same were undertaken.

EXAMPLE III

Molybdate-Free Molten KOH-NaOH Bath With Steam
Introduction

The following initial bath composition was employed
in this experiment:

KOH, Flake 1000 g.
NaOH, Flake 1000 g.
2000 g.

Water content was varied by changing the rate of
steaming so that the net bath weight was changing from
1927 to 2160 g. Satisfactory coatings on AISI 430
stainless steel panels were obtained at the net weights
above 1960 g. At the net weight of 2160 g. and 480°F.
430 stainless steel panels were still reacting but hydro-
gen evolution did not stop even after 20 minutes of
treatment and the resulting coatings was very smutty
and of poor adherence. At 600° F. and at net bath
weight of 2010 to 2065 g., the coating process was very
fast and in 2 minute contact time a satisfactory coating
was formed.
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EXAMPLE IV

Effect of Major Process Variables on Appearance and
Corrosion Resistance of AISI 430 Stainless Steel

8

a concentration of 1-15% by weight of water in said
bath.

3. The method of claim 1, wherein water is intermit-
tently added to the fused salt bath in order to maintain

As set out in Table III and in a number of experi- > E clc]mcentration of 1-15% by weight of water in said
ments therein, stainless steel panels were black coated a‘: .Th . ¢ claim 2. wherein water is intro
by the process of the present invention and thep cl}al- duc-ed i:tc? rtct)lee;slsgd salt bat},l in the form of steam
lenged_ by the CASS test (ASTM B368-68), which is a 5 Th of claim 2. wherein water is int}o-
corrosion test utilizing a mixture of a copper chloride |, d y d e pr(l)lce;s d salt i ;1 £ fd
and acetic acid in order to accelerate a salt spray. The u6ceThmto t he dusi ls% t T t ﬁ or.mtﬁ rytsteam. t
resistance to corrosion is measured under a sliding o the method of claim ’Z; el:)rem .iwaferhco?tend
scale of 1 to 10. The results uniformly showed that 18 lmalptalned at about 2-12% by weight of the fuse
there was good to excellent resistance to corrosion in sa7t ?Kenl"::e.thod of claim 1. wherein the water content
the panels noted. Additionally, in Run No. 3, the panel LT > .
was prior etched by a composition which was a mixture 15 is .mtamtamed at about 3—-8% by weight of the fused salt
of hydrofluoric and nitric acid. THIXture. . . .

The results also showed that a satisfactory adherent, dri;(i-{ihe' mseetlt 2?egffcgﬁ1matl ];:frs:; ikeﬁ:b?:f} ?ﬁ;

. . € 18 T
blaF k coating may be obtained by the present process, roun consisting of sodium hydroxide and potassium
which, dependent upon water content and tempera- 20 ig] 4 s ide g y P
ture, may be varied from dull to shiny, dependent - ydroxde. . .
tEZ marlzlet erevqlilest. m cull to shiny, dependent upon 9. The method of claim 1, wherein the fused salt bath
TABLE Il

Treatment of AISI 430 Stainless Steel Under Various Conditions

Bath consisting of initial 2000 g. of NaOH + KOH eutectic mixture (1:1 ratio by weight) with 0-10% of
Na,Mo0Q,. In each experiment 5 panels (2’ X 1%'’) of AISI 430 stainless steel were simultaneously
processed under different sets of conditions. The water content was maintained constant throughout an

experiment by the addition of steam.

Experiment Number

1 2 39 4 5 [ 7 8 9 10 11
% of Sodium Molybdate 0 0 0 5 5 5 5 5 5 10 10
Bath Temperature, ° F. 580 580 580- 580 580 580 550 620 580 580 580
595
Contact Time, Minutes 10 10 10 10 10 30 10 10 10 10 10
Net Bath Weight” 2045 2020 2020 2049 2020 2021 2017 2020 1989 2052 2024
Estimated Water
Content, gr.c 145 120 120 149 120 121 117 120 89 152 124
% of Water in Bath 7.1 5.9 5.9 7.2 5.9 6.0 5.8 5.9 4.5 7.4 6.1
Gas Evolution Rate Fast Fast Fast Fast Fast Fast Slow Very Med. Fast Fast
fast
Gas Cease Time, Minutes 3-4 4 4 5-6 7 7-8 7-10 2-3 8 7-8 9-10
Coating (Reflectiveness* D S D D S S D S S D D
Appearance (Color - Smut* B Sm Bl-B B Sm Bl-B Bl Sm BI-B BI-B BI-B Bl-B B Sm B Sm
Average Corrosion
resistance’ 6.0 6.9 5.8 8.7 4.5 6.6 2.5 8.2 8.8 5.1 8.5

“Pancls etched in a mixed hydrofluoric/nitric acid etching composition, rinsed and dricd prior to blackening.

“Corrected for drag-out (panels weighed with solidified drag-out, then washed, dried and weighed again). Drag-out represents a small amount of bath material.
“Commercial caustic soda (NaOH) and caustic potash (KOH) flake contain about 6% of water ( Encyclopedia of Chemical Technology, I, Volume I, page 753, and Vol-
ume 16, page 391). Thercfore, an initial charge of 2000 g. is assumed to contain 120 g. of water % amount of water introduced or evaporated in the form of steam.
“Cass Test ASTM B368-68. All the pancls submitted to maximum of 4 cycles consisting of 16 hours of active exposurc in the Cass cabinet. Observations were made after
each cycle and panels with signs of corrosion were removed. Number of cycles before failure and the extent of corrosion were rated as follows:

10 points = no corrosion after 4 cycles
7-9 points = no corrosion after 3 cycles
3-6 points = no corrosion after 2 cycles
1-2 points = corrosion during first cycle
* =Dull
S = Shiny
Bl = Bluc
B = Black
Sm = Smut

What is claimed is:

1. A method of blackening ferritic and martensitic
stainless steels which comprises immersing said steels
for a period of 1-30 minutes in a fused alkali metal hy-
droxide salt bath, wherein the alkali metal is selected
from the group consisting of sodium and potassium,
which bath contains an effective amount of water main-
tained by subsequent addition to the bath at about
1-15% by weight of said bath, and wherein said bath is
maintained at a temperature of about 510°-720° F.

2. The method of claim 1, wherein water is continu-
ously added to the fused salt bath in order to maintain

60

is an eutectic mixture of sodium and potassium hydrox-
ides.

10. The method of claim 1, wherein the stainless steel
is selected from at least one member of the group con-
sisting of the AISI 400 series stainless steels.

11. The method of claim 1, wherein the temperature
is maintained at 540°-650° F.

12. The method of claim 1, wherein an oxidizing
agent is added in the amount of 5-10% by weight of the
fused salt mixture, and said oxidizing agent is selected
from at least one member of the group consisting of al-

kali metal molybdates. chromates and permanganates.
* * * * *



