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The present invention relates to the descaling of oxi-
dized or scaled metals in fused salt baths and, more partic-
ularly, to a method for simultaneously annealing and de-
scaling in a stable, fused salt bath of special composition
oxidized metal articles made of heat- and/or corrosion-
resistant alloys having relatively high recrystallization and
anneazling temperatures and to a salt bath suitable for
use in said method.

It is well known that whea heat- and/or corrosion-
resisting alloys such as the alloys of nickel, iron and
cobalt with each cother and with chromium, copper,
molybdenum, manganese, silicon, carbon, vanadium,
tungsten, etc.,, and including stainless steels, nickel-
chromium alloys, nickel-chromium-iron alloys, nickel-
copper alloys, etc., are stbjected to heating operations,
including annealing, etc., in atmospheres oxidizing thereto
during the production of mill products or articles or the
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fabrication of other articles from such alloys, an adherent

oxide scale having a highly refraciory nature is formed.
It has been recognized that this adherent oxide scale
usually must be removed from these ailoys to produce an
acceptable mill product such as sheet, strip, tubing, rods,
bass, etc., or to produce other acceptable articles fabri-
cated from such products. The production of these heat-
and/or corrosicn-resisting metals, including alloys, fre-
quently requires that the metal or alloy be annealed and
that it be descaled or pickled at various stages in. the
production scheme so that the required lowered hardness
and/or a clean metal surface will be provided for sub-
sequent manufacturing operations.

it has also been recognized in the art that the problem
of p_iicv:kii.ng alloyed metallic articles which are resistant
to heat and/or corrosion is a much more difficult and
complex problem than that involved in pickling alloys
such as mild steel and the like. An important factor
which contributes to the greatly increased difficulty in
pickling heat- and/or corrosion-resistant alloy articles is
the fact that the oxides formed upon such alloys during
heating, etc., are very tightly adherent to the parent or
basis metal and are highly refractory in nature. The prior
practice largely employed in pickling these alloys has
been to immerse the oxidized articles in acid solutions
of various types. This acid pickling process involved
essentially the chemical dissolution of the refractory oxide
scale in the acid and, accordingly, was slow and uncer-
tain. This prior art practice has met only with indifferent
success inasmuch as the acid pickling process has been
found frequently to produce undesirable pitting, etching,
etc., on the meta] treated, to produce unduly high metal
losses, etc.

The problem of removing scale at various stages in the
production of the heat- and corrosion-resistant alloys has
been a much more pressing problem than in the case of
carbon steels, low-alloyed steels, etc. The tightly adher-
ent oxide formed upon the heat- and corrosion-resistant
alloys, if not removed, was worked into the surface of the
metal during such mill eperations as hot rolling, forging,
etc., with the result that the surface quality of the resultant

40

45

2

products was poor and extensive overhauling as by grind-
ing, chipping, miiling etc., was required to provide good
surface quality on subsequent working operations. After
het working operations, it is usually necessary to anaeal
and pickle the hot worked articles to reduce the hardness
of the articles and to provide thereon a clean surface
free of abrasive oxides which would produce excessive
wear upon, and otherwise damage, rolls, dies, etc., used
in subsequently -cold working the metal. During cold
working, anneals are frequently required te reduce the
hardness of the cold worked metai and, if annealing is
conducted in oxidizing atmospheres, the refractory oxides
produced must again be removed.

It has been proposed to employ molten salt baths for
the purpose of heating steels and the like as it was postu-
lated that relatively high heating rates and comparative
freedom from oxidation during the heating operation
would be attained by this method. Salt bath heating proc-
esses for hardening steels, etc., are now well established.
Hewever, the salt bath compositions employed in heating
carbon steels, tool steels, etc., prior to hardening are, in
general, unsuitable for the purpose of removing oxides,
scaie, etc., from the surface of the metal treated and
simultaneously annealing heat- or corrosion-resistant
metals and alloys as these baths are either ineffective in
removing scale or require a greatly excessive time at
temperature to provide descaling with the result that exces-
sive grain growth and other deleterious effects are en-
countered. Examples of these types of baths are those
composed of mixtures of potassium chloride and sodium
chloride, baths composed of sodium carbonate, etc. Other
types of salt baths have been proposed for the specific
purpose of descaling oxidized or scale-coated heat- and/or
oxidation-resistant alloys in order to minimize or elimi-
nate the acid pickling step in cleaning these alloys. How-
ever, these prior art baths specifically designed for the
purpose of descaling oxidized metals cannot be operated
at temperatures above about 800° F. to about 1100° F.,
and it is not commercially possible to anneal the heat-
and/or corrosion-resistant alloys at these low tempera-
tures. Examples of these latter types of baths are those
composed of caustic soda to which an oxidizing agent such
as sodium chlorate, sodium nitrate, etc., i3 added; baths
cemposed of caustic soda to which hydrogen and metallic
sodium are added; etc.

Although many attempts have been made to provide
a salt bath and process for simultaneously annealing and
descaling oxidized heat- and/or corrosion-resistant alloys,
nong, as far as we are aware, was entirely successful when
carried into practice commercially on an industrial scale.

It has now been discovered that heat- and/or corrosion-
resistant alloys can be annealed and can be descaled in a
single operation employing a fused salt bath of special
composition.

It is an object of the present invention to provide a
special process for simultaneously annealing and descal-
ing oxidized heat- and/or corrosion-resistant alloys.

Another object of the invention is to provide a special
salt bath composition adapted for the purpose of an-
nealing and descaling heat- and/or corrosion-resistant
alloys. ‘ '

Another object of the invention is to provide a pracess
for annealing and pickling heat- and/or corrosion-
resistant alloys wherein substantially no loss of basis
metal is encountered.

The invention also contemplates providing a process
for descaling and pickling oxidized heat- and/cr cor-
rosion-resistant metal articles wherein substantially no
pitting or etching of the metal articles is encountered.

Other objects and advantages will become apparent
from the following - description.

Generally speaking, the present invention contemplates
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a process for simultaneously annealing and descaling
oxidized metal articles made from heat- and corrosion-
resistant alloys having the property of forming adherent
refractory oxides and being resistant to alkalis which com-
prises immersing the articles in an alkaline fused salt
bath containing about 20% to about 80% sodium fluoride
with the balance substantially sodium carbonate, for time
periods of at least about 2 minutes, e. g., about 3 to
about 10 or 15 minutes, and at temperatures of about
1500° to about 2000° F., preferably about 1600° to
about 1900° F., and thereafter bringing the descaled
metals to atmospheric temperatures. The aforedescribed
process removes the oxide scale adhering to the metal
articles as a result of prior processing steps conducted
at elevated temperatures aand in atmospheres oxidizing
to one or more constituents thereof, such as rolling, forg-
ing, extruding, hot pressing, etc. A feature of the in-
vention resides in the fact that although this oxide scale
is effectively removed, the parent or basis metal treated
suffers no substantial attack. Another feature of the
invention is that it can be employed to produce simul-
taneous annealing by carrying out the heating for the
required annealing period, e. g., at lcast about 2 minutes
and up to about 10 or 15 minutes at temperature. Of
course, annealing and/or descaling can be carried out in
the alkaline salt bath for longer periods of time (e. g.,
one-half hour or one hour or more) than about 10 or
15 minutes at temperature, but in most cases no good
purpose is accomplished thereby and undesirable grain
growth may be encountered in the metal treated. A par-
ticular bath which has been employed with excellent
results in the treatment of many different types of heat-
or corrosion-resistant alloys is one containing about 50%
sodium fluoride and about 50% sodium carbonate by
weight. This bath may effectively be employed to anneal
and descale oxidized metal articles over a wide range
of temperature without producing excessive fuming or
undesirable attack on the basis metal. The operating
temperature for this bath is preferably about 1750° F., at
which temperature it has the further positive advantage
that when the heated metal articles are removed from the
salt bath after descaling and annealing, an adherent salt
coating quickly forms therein and this salt coating pre-
‘vents or decreases reoxidation of the annealed, descaled
articles during cooling of the articles after their removal
from the salt bath. Dragout losses from this bath at
about 1750° F. are not excessive. A feature of the in-
vention is that any salt remaining on the annealed, de-
scaled articles treated in accordance with the invention
is readily removable at non-oxidizing temperatures, e. g.,
approximately room temperature, by water washing or
by immersing the salt-coated articles in a bath of a dilute
mineral acid such as sulfuric acid or hydrochloric acid.

After oxidized metal articles are descaled and/or an-
nealed in the special fused salt baths provided by the
invention, the articles desirably may be quenched in water
or other suitable quenching agents to provide rapid cool-
ing. Tt is believed that a quench after the anneal further
assists in removing any remaining adhering scale due to
the resulting thermal shock. In addition, a quench in-
sures that any age-hardening agents of precipitation-
hardening alloys which have been placed in solid solu-
tion in the alloy during the annealing treatment in ac-
cordance with the invention will be retained in solid
solution for subsequent age-hardening heat treatments at
lower temperatures.

When desired, an acid pickling operation in a solution
of the type conventionally used in practice may be em-
ployed subsequent to the salt bath annealing and descal-
ing operation in order to brighten the surface of the
annealed, descaled metal.

The aforedescribed stable alkaline salt baths may con-
tain, in addition to the aforementioned amounts of the es-
sential ingredients sodium fluoride and sodium carbonate,
small amounts of other materials such as the chlorides

10

15

20

25

30

-]
53

40

45

o
Lt

G0

4

and hydroxides of the alkali metals without appreciably
affecting the novel characteristics of the salt bath com-
position. These materials tend to fume off from the bath
when it is held at operating temperatures, and the afore-
said chlorides tend to produce a dark finish on certain
alloys, e. g., nickel-copper alloys containing about 67%
nickel and about 30% copper (such as are sold under
the trade-mark “Monel”) descaled and annealed in
accordance with the invention. However, small amounts
of these materials up to about 5% of the composition may
be present in the bath, although the presence of these
materials is not desirable and they preferably are avoided.
Certain other more stable salts, such as barium chlo-
ride, may be present in the bath in amounts up to about
2% of the total composition. Certain other salts such as
fluorspar (CaFa), cryolite (NasAiFs), etc., have a
deleterious influence in the bath and should be avoided,
although small amounts not exceeding about 2% of the
composition may be tolerated. In addition, the stable
alkaline salt baths provided by the invention should be
devoid of sulfate salts and other sulfur-containing com-
pounds, as these compounds deleteriously affect many
alloys, e. g., nickel and nickel-base alloys.

For the purpose of giving those skilled in the art a
better understanding of the invention, the following illus-
trative examples are given:

EXAMPLE 1

An oxidized metal sheet, about €.125 inch thick, in the
hot rolled condition and made of an alloy containing
about 30% copper, about 1% manganese and about
1.4% iron, with the balance essentially nickel (such as is
sold under the trade-mark “Monel”), was immersed in a
motlten alkaline salt bath containing about 50% sodium
fluoride and about 50% sodium carbonate. The bath
teraperature was about 1700° F. Before treatment, the
oxidized sheet was covered with a dark brown oxide coat-
ing. The sheet was removed from the bath after an
immersion of about 10 minutes, quenched in water and
then dipped in a dilute sulfuric acid solution to remove
adhering salt. The salt bath immersion removed sub-
stantially all the oxide scale which had been adhering to
the sheet as a result of the hot rolling operation and re-
duced the hardness of the sheet from about 90 to about
64 on the Rockwell “B” scale. The sheet was then dipped
for about ten minutes in an acid pickling solution con-
taining about 95 grams per liter of sulfuric acid, about
65 grams per liter of sodium nitrate, about 110 grams per
liter of sodium chloride and about 30 grams per liter
cupric chloride. The sheet then exhibited a bright,
smooth and clean surface very suitable for further proc-
essing, etc. The annealed, descaled and pickled sheet had
a fine grain size of about 0.0014 inch.

EXAMPLE 2

An oxidized metal sheet, about 0.125 inch thick, in
the hot rolled condition and made of an alloy contain-
ing about 14% chromium, about 6.5% iron, with the bal-
ance essentially nickel (such as is sold under the trade-
mark “Inconel”), was immersed in a molten alkaline
salt bath having the composition given in Example 1. The
bath temperature was about 1800° F. Before treatment,
the oxidized sheet was covered with a tightly adherent
oxide film. The sheet was removed from the bath after
about ten minutes and was treated to remove adhering
salt as in Example 1. It was then given a ten minute dip
in the pickling solution set forth in Example 1. The
foregoing treatment reduced the hardness of the sheet
from 98 to 78 on the Rockwell “B” scale and produced
a bright, smooth and clean surface. The final grain size
of the annealed, descaled and pickled sheet was about
0.0010 inch.

EXAMPLE 3

An ozxidized wrought nickel sheet containing about
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99.4% nickel and having a thickness of about 0.114 inch
was immersed for about 5 minutes at 1700° F. in an alka-
line salt bath having the composition set forth in Example
1. The sheet was then removed from the bath and treat-
ed to remove adhering salt. After a short pickle in an
acid pickling solution, the sheet had a bright appearance.
The hardness of the sheet was reduced from about 84
to about 31 on the Rockwell “B” scale.

EXAMPLE 4

A heavily-oxidized type 304 stainless steel sheet having
a thickness of about 0.031 inch was immersed in an alka-
line salt bath having the composition set forth in Example
1 for about 5 minutes at about 1750° F. The thus-treated
sheet was then dipped in a dilute sulfuric acid solution
for about 2 minutes to remove adhering salt and im-
mersed in a nitric acid-hydrofluoric acid pickling solution
for about 3 minutes. The stainless steel sheet then had
an excellent pickled surface.

EXAMPLE 5

A heavily-oxidized type 347 stainless steel sheet hav-
ing a thickness of about 0.031 inch was treated as was the
sheet in Example 4. This type 347 stainless steel sheet
likewise had an excellent pickled surface after the an-
nealing and descaling treatment.

EXAMPLE 6

A heavily-oxidized sheet of an alloy containing about
17% molybdenum, about 15% chromium, about 5%
tungsten, with the balance substantially nickel, was im-
mersed in an alkaline salt bath having the composition
set forth in Example 1 for about 5 minutes at a tempera-
ture of about 1760° F. The sheet was then dipped in a
dilute sulfuric acid sclution for about 2 minutes to re-
move salt adhering thereto after the salt bath immersion
and was immersed in a nitric acid-hydrofluoric acid pick-
ling solution for about 3 minutes. The sheet then had
an excellent pickled surface.

The present invention is particularly applicable to the
treatment of high-nickel alloys, including commercial
wrought nickel, nickel-chromium alioys, nickel-chromium-
iron alloys, nickel-copper alloys, nickel-molybdenum al-
loys, nickel-iron alloys, etc., austenitic nickel-chromium
stainless steels, etc. These alloys may also contain other

elements such as cobalt, aluminum, titanium, silicon, co- :

lumbium, zirconium, etc., which "are commonly em-
ployed to influence the properties, including castability,
soundness, malleability, heat or oxidation resistance,
creep resistance, corrosion resistance, age hardenability,
etc. The foregoing alloys are characterized by the forma-
tion of adherent refractory oxide coatings containing ox-
ides from the group consisting of nickel oxide, cobalt
oxide, chromium oxide and iron oxide upon heating to
hot working or annealing temperatures in atmospheres
oxidizing theretc, said oxides being removable only with
difficulty when acid pickling methods are employed.
Among the metals and alloys which may be treated in
accordance with the invention are those containing up
to about 22% chromium, up to about 17% or even about
32% molybdenum, up to about 70% copper, up to
about 4% silicon, up to about 0.3% carbon, up to about
5% manganese, up to about 5.5% tungsten, up to about
2% vanadium, up to about 4.5% aluminum, up to
about 3.5% titanium, with or without small amounts of
elements such as columbium, zirconium, phosphorus,
boron, calcium, magnesium, etc. The balance of the
compositions is substantially metal from the iron group.
Usually the alloy will contain at least 7% nickel. The
foregoing alloys may also contain small amounts of im-
purities and deoxidizers. Illustrative compositions of
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alloys which may be annealed and descaled in accordance
with the invention are set forth in Table 1.

Table 1
Per- | Per- | Per- | Per- | Per-
Alloy Class cent | cent | cent | cent | cent | Tercent
No. Ni Cr Te | Cu | Mo | Others

Wrought Ni._.
.| Austenitic
stainless
steel.

Orher illustrative alloys which may be annealed and de-
scaled in accordance with the invention include nickel-
chromium-iron-aluminum and nickel-chromium-iron-ti-
tanium age-hardenable alloys; nickel-chromium-titanium
and nickel-chromium-cobalt-titanium alloys such as are
sold under the trade-mark “Nimonic”; nickel-aluminum-
titanium-carbon alloys such as are sold under the trade-
mark “Duranickel”; nickel-copper-aluminum-titanium al-
loys such as are sold under the trade-mark “K” Monel;
nickel-copper-silicon alloys such as are sold under the
trade-mark “S” Monel; etc. In general, the metals which
are annealed and descaled in accordance with the inven-
tion wiil have practical annealing temperatures of at
least about 1500° F., e. g., about 1600° F. to about 1900°
F.or 1925° F., and the alkaline sodium carbonate-sodium
fluoride bath provided by the invention is usually oper-
ated within this range.

The proportion of sodium fluoride ia the bath can be
varied somewhat depending upon the nature of the metal
being treated. Thus, the amount of sodium fluoride in
the bath desirably can be increased depending upon the
operating temperature of the bath for descaling and an-
nealing. Preferably, the bath provided by the inven-
tion has a melting point about 150° F. below the desired
operating temperature to insure optimum operating con-
ditions, including the formation of a protective salt coat-
ing about the work when it is removed from the bath and
minimization of salt dragout. Accordingly, a bath con-
taining about 30% sodium fluoride, balance sodium car-
bonate, preferably is cperated at about 1550° F.; a bath
containing about 50% scdium fluoride, balance sodium
carbonate, preferably is operated at about 1750° F.; and
a bath containing about 70% sodium fluoride, balance
sodium carbonate, preferably is operated at about
1850° F.

Those skilled in the art will appreciate that the total
time required to anneal a given metal article from a
given high hardness level to a given low hardness level
is much shorter when the article is heated in a fused
salt medium than when it is heated in a gaseous medium,
even when the two heating media are at the same tem-
perature. Thus, the heating period in the alkaline fused
salt bath provided by the invention will usually be com-
paratively short. The actual heating time and bath
temperature employed for treating specific metal articles
in the alkaline fused salt bath provided by the invention
will depend upon a number of factors, including the
composition of the metal being treated, the size of the
article being treated, the initial hardness of the material
treated, the final hardness desired, the final grain size
desired, and other practical considerations which those
skilled in the art will recognize. In general, the higher
the recrystallization temperature for the particular metal,
the higher is the bath temperature that should be em-
ployed Of course, as in cother methods of annealing,
prolonged exposure of metal articles to high temperature
may not be desirable because excessive grain growth may
be encountered. Although the time and temperaturé con-
ditions required for carrying out the annealing operation
will vary considerably depending upon the factors out-
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lined hereinbefore, the alkaline fused salt bath provided
by the invention effectively removes the scale from the
oxidized alloys being annealed over these same ranges
of time and temperature. This effective descaling action
is provided without appreciable attack upon the under-
lying or basis metal. As indicated hereinbefore, the
special fused salt bath composition provided by the inven-
tion is very stable and provides simultaneous annealing
and descaling of oxidized metal articles over a wide range
of temperature without producing appreciable amounts
of fuming.

In normal operation, the molten alkaline salt bath
compositions provided in accordance with the invention
can be held in metal pots, e. g., nickel-chromium-iron
alloy pots, etc., as no undue corrosion of such pots is
produced by the alkaline fused salt bath compositions.
In general, the process comprising the present invention
can be carried out in conventional salt bath furnace
equipment. For example, furnaces having either exter-
nally or internally heated salt comtainers can be used.

Tt has been found that the descaling nature of the bath
tends after considerable use to result in a pick-up of
metal in the bath due to the oxides dissolved from the
work treated therein. This metal pick-up does not harm-
fully affect the operation of the bath and is compensated
for in part by fresh salt additions made to the bath to
make up dragout losses. Some sludging effects also may
be encountered and this sludge desirably is removed from
the bath as, for example, by conventional mechanical
means.

The novel salt bath provided in accordance with the
invention can be prepared by simply melting together the
salts employed to produce the bath, while observing due
precautions against moisture, etc., It is preferable to
blend the dry materials comprising the descaling salt or
compound before adding the materials to the descaling
pot, both when making up fresh baths and when making
additions to an operating bath.

The theoretical explanation of the new and improved
results produced in annealing and descaling metals ac-
cording to the process embodying the present invention
is not fully understood. However, it is believed that the
fused salt bath embodying the invention converts the
oxides present on the metallic surface into compounds

which are soluble in the bath and which are dissolved in 4

the bath. Although the oxides are dissolved from the
metal, the metal itself is not noticeably attacked, as has
been pointed out hereinbefore.

The process embodying the present invention is ap-
plicable not oniy to wrought mill products which are oxi-
dized and/or scaled by heating operations during the
course of fabricating, etc., but may also be applied to
castings or the like to remove from the surface thereof
oxides, sand, etc., present on the surface of the castings
after their removal from the molds in which they are
made. Thus, many alloy compositions described herein-
before but which are not commercially forgeable can be
descaled in the cast condition by employing the process
embodying the present invention.

It is to be emphasized that the properties of the fused
salt baths employed in carrying out the present invention
are unique and are dependent upon the particular essen-
tial ingredients required in formulating the baths, to wit,
sodium fluoride and sodium carbonate. In particular, it
has been found that other fluorides may not be substituted
for sodium fluoride in the fused salt bath provided by the
invention, as the results provided by the invention are
not then obtained. For example, calcium fluoride,
cryolite, etc., may not be emploved as substitutes for
sodium fluoride, as it has been found that these salts are
inoperative for purposes of the present invention. Po-
tassivm fluoride is not an equivalent to sodium fluoride
for purposes of the present invention, as it has been found
that this salt fumes badly at-operating temperatures and
produces less desirable results than when sodium fluoride
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is employed as contemplated by the invention. The
aforementioned fuming encountered when potassium
fluoride is employed constitutes a serious health hazard,
requires increased amournts of make-up salt, and is ex-
pensive. Likewise, chicrides such as sodium chloride,
calcium chloride, potassium chloride, etc., cannot be used
in place of sodium fluoride to obtain the results obtained
in carrying out the present invention, as baths made up
employing such salts produce dark work which wiil not
become bright in a subsequent acid dip as referred to
hereinbefore, and are characterized by other defects and
disadvantages.

The present invention may be employed for the pur-
pose of descaling the aforedescribed oxidized heat- and
corrosion-resistant metal articles at various stages in the
preduction and/or fabrication thereof, and is applicable
regardiess of the thickness of the oxide scale or oxide
coating on the articles at the time of treatment accord-
ing to the invention. Thus, articles which have been
subjected to operations such as hot rolling, etc., usually
have a relatively thick oxide coating or scale which is
usually of an adherent nature but which may have a tend-
ency to crack or spall depending upon the thickuness of
the coating while articles which have been subjected only
to operations such as annealing operations, etc., in an
atmosphere oxidizing thereto usually have a relatively
thin adherent oxide coating or scale.

As pointed out hereinbefore, the present invention is
particularly applicable to the treatment of oxide-coated
nickel and nickel-containing alloys to anneal these alloys
and to remove therefrom adherent oxide scale which con-
tains oxides from the group consisting of nickel oxide,
cobalt oxide, chromium cxide and iron oxide. It can
be said that the invention is applicable to alloys com-
prised predominantly of metal from the group nickel,
iron and cobalt, particularly alloys which are relatively
high in chromium content, e. g., those containing over
about 8% chromium. Such high-chromium alloys in-
clude ferritic stainless irons, stainless steels, etc., which
may or may not centain nickel. Even alloys comprised
essentially of iron, such as low-alloyed or even un-alloyed
steels, irons, etc., may also be treated in accordance with
the invention. For purposes of the invention, cobalt is
considered to be equivalent to nickel. Thus, the salt
bath - descaling and annealing process provided by the
invention is applicable to many alkali-resistant metals
and alloys having relatively high annealing and/or re-
crystallization temperatures, including cobalt-chromium-
iron alloys, cobalt-chromium-molybdenum alloys, cobalt-
chromium-nickel alloys, etc.

Although the present invention has been described in
conjunction with preferred embodiments, it is to be
understood that modifications and variations may be re-
sorted to without departing from the spirit and scopg

5 of the invention, as those skilled in the art will readily

understand. Such modifications and variations are con-
sidered to be within the purview and scope of the in-
vention and appended claims.

We ciaim:

1. The process for annealing and cleaning an oxidized
metal article made of a metal composition containing up
to about 22% chromium, up tc about 32% molybdenum,
up to about 70% copper, up to about 75% iron, up to
about 4% silicon, up to about 5% manganese, up to about
5.5% tungsten, up to about 2% vanadium, up to about
4.5% aluminum, up to about 3.5% titanium, and the
balance essentially nickel, with the nickel content being
at least about 7% of the metal composition, which com-
prises immersing the oxidized article in a salt bath com-
prising about 20% to 80% sodium fluoride with the
balance essentially sodium carbonate for at least about 2
minutes at a temperature of about 1500 to 2000° F. to
anneal the metal of said article and (o dissolve the scale
therefrom.

2. The process for annealing and cleaning an oxidized
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wrought metal article made of a metal composition con-
taining up to about 22% chromium, up to abont 32%
molybdenum, up to about 70% copper, up to about 75%
iron, up to about 4% silicen, up to about 5% manganese,
up to about 5.5% tungsten, up to about 2% vanadium,
up to about 4.5% aluminum, up to about 3.5% titanium
and the balance essentially nickel, with the nickel con-
tent being at least about 7% of the metal composition,
which comprises immersing the oxidized article in a salt
bath comprising about 50% sodium fluoride with the
balance essentially sodium carbonate for at least about 2
minutes at a temperature of about 1750° F. to anneal
the metal of said articie and to dissolve the scale there-
from.

3. In the process for annealing and cleaning an oxi-
dized metal article made of an alloy used for resistance
to heat and to corrosion and characterized by a refractory
oxide coating containing predominantiy an oxide of a met-
al having an atomic number from 24 to 29, the improve-
ment which comprises immersing the oxidized articie in
a salt bath comprising about 20% to 80% sodium fluo-
ride, with the balance essentially sodium carbonate, for
at least about two minutes at a temperature of about
1500° to 2000° F.
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4. In the process for annealing and cleaning an oxi-
dized metal article made of an alloy used for resistance
to heat and to corrosion and characterized by a refrac-
tory oxide coating containing predeminantly an oxide of
a meta] having an atomic number from 24 to 29, the im-
provement which comprises immersing the oxidized metal
article in a salt bath comprising about 50% sodium fluo-
ride, with the balance essentially sodium carbonate, for
at least about two minutes at a temperature of about
1750° F.
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