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3 Claims,

This invention relates to an apparatus for
treating materials with chlorine, and more par-
ticularly to such an apparatus in which materials
can be treated with chlorine at relatively high

8§ temperatures.
_Many chemical processes involving the use of
chlorine gas at relatively high temperatures have
been suggested. Chlorine is known to be ex-
tremely corrosive for metals under high tem-
perature conditions and prior workers have em-
ployed retorts or furnaces of refractory mate-
rials or have provided metallic structures with
refractory linings so as to prevent contact- be-
18 tween metals and chlorine at high tempera-
tures. In accordance with the present inven-
tion, I have discovered that under certain con-
ditions nickel can be made extremely resistant
to corrosion by chlorine at relatively high tem-
0 peratures such that apparatus, for example, re-
20 {orts or furnaces constructed of nickel, having
nickel linings, or stationary or removable parts
made of nickel, within or associated with the
apparatus so as to be contacted by the chlorine,
can be employed for processes involving the use
of chlorine at such relatively high temperatures.
More specifically, I have discovered that the
presence of sulfur or a sulfur chloride in such
processes involving the use of chiorine will cause
a protective filmy to be formed upon the surface
of the nickel in contact with the reacting mate-
rials such that the nickel metal is not corroded
by chiorine at temperatures as high as 575° C.

An object of the present invention is, therefore,
to provide an improved apparatus for treating
materials with chlorine in which nickel having a
protective film is employed.

Another object of the invention is to provide
as an article of manufacture a metal structure or
0 article consisting essentially of nickel and having

formed thereon a protective film preventing cor-
rosion by chiorine. .

As stated above, nicke! is known to be rapidly
corroded by chlorine. However, by forming the
protective film referred to upon the nickel, the
nickel may be exposed to chlorine at tempera-
tures up to 575° C. without any measurable cor-
rosion. The film forms readily at very low tem-
petatures and when once formed will not disap-
§0 pear unless the nickel is heated to temperatures

above 575° C.. The film is black in color and ex-
tremely thin, and shows the qualitative presence
of sulfur and chlorine as well as nickel, although
it has not thus far been possible to determine the
85 exsct composition of the film. The formation
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of the film apparently requires the presence of &
sulfur chloride but is apparently independent of
constituents other than sulfur ahd chlorine.

It is, of course, apparent that it s not necessary
to introduce & sulfur chloride into the reaction 8§
chamber in which the film is formed, as the sul-
fur chloride may be formed in situ. Free sulfur
and many sulfur compounds will react with chlo-
rineto form sulfur chlorides. Thus the presence
of free sulfur or such compounds as iron sulfide 10
or other sulfides, found in many ores, provides
for the formation of such film.

The film is extremely thin and resistant to
abragion, as furnaces provided with nickel rabble
arms scraping ores of relatively abrasive nature 13
over nickel surfaces have been employed for ex-
tended periods of time without showing any more
than the wear which would be normally expected
from such operations in the absence of corrosive
gases. When once formed, the film is persistent,
as the sulfur or chlorine, or both, can be removed
from contact with nickel and the furnace used
for other purposes for considerable lengths of
time at temperatures below 575° C. without de-
struction of said film. It is, therefore, entirely
possible to intermittently introduce sulfur, sul-
fur-containing compounds or a sulfur chloride
into such a furnace to form said film and thus
employ the furnace for continued treatment with
chloiine in the absence of sulfur. The present
invention has thus far found its chief utility in
the chlorination of ores to remove volatile com-
pounds of metal, chlorine and sulfur, as disclosed
in Patents Nos. 1,834,622; 1,923,094; 1,858,272 and
1,863,599. A structure of a furnace suitable for
carrying out the processes of the above patents
is disclosed in my Patént No. 2,116,725. Such a
furnace includes many moving parts and also the
provision of external heating means for supply-
ing heat through the walls of the treating cham-
ber to the materials being treated in order to
maintain the necessary or desirable treating tem-
perature. It was, therefore, desirable to con-
struct such a furnace of metal, but no suitable
metal was known prior to the present invention
which could be commercially used. The film has
been formed and maintained in furnace work
with titanium, vanadium, tungsten and alumi-
num bearing ores, indicating that the formation gg
of film is independent of constituents other than
the chlorinating gases containing ‘chlorine and a
sulfur chloride. It is evident that the present
{nvention is not limited to the treatment of ores
but may be employed in any process involving the. 8§
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trestment of materlals with chlorine and in

~which the presence of sulfur is not objectionable.

It has also been found that the film will be

' formed upon nickel alloys, the major portion of
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which consists of nickel. Thus nickel alloys ¢an
be employed under certain conditions, slthough
the presence of substantial amounts of other
metals in the alloy somewhat reduces the tem-
perature of operation. For example, a 90%
nickel-10% chromium alloy has been found sat-
iIsfuctory up to a temperature of 525° to 550° C.,
the film disappearing at only a slightly lower
temperature than with pure nickel, It will be
seen that I have provided an apparatus by which
materials can be treated with chlorine at rela-
tively high temperatures in metallic reaction
chambers without corrosion, thus providing for
treating chambers having high mechanical
strength and the efficient application of external
heat to the reaction.

It 18 apparent that articles of manufacture, for
example, pipes, valves, machine parts, or sheets
of nickel or metals containing a major portion of
nickel may have one or more surfaces provided
with the protective film of the present invention
and may be sold or used for purposes in which
the metal 1s subjected to corrosion by chlorine.
After once being formed, the film is resistant to
abrasion and persistent in the presence of chlo-
rine as well as in the presence of chlorine and
sulfur chloride. Furthermore, the film has been
found to withstand weathering for extended pe-
riods of time upon articles exposed in the open.
The film may be formed upon such articles by
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treating them in a chamber containing chlorine

- and sulfur chloride or, in the case of hollow ar-

ticles such as pipes or reaction chambers, by cir-
culating chlorine and sulfur chloride there-
through or introducing the same thereinto. - Also,
a layer of nickel or a nickel alloy consisting es-
sentially of nickel may be plated or otherwise
formed upon a base metal and the film formed
upon the surface of the layer.

This application is a continuation in part of my
co-pending application serfal No. 198,158, filed
March 25, 1938,

While I have disclosed the preferred embodi-
ments of my invention, it is t0 be understood
that the detalls thereof may be varied within
the scope of the following claims.

I claim: .

1. As an article of manufacture, a structure
having a surface of metal containing a meajor
portion of nickel, said surface being provided with
an Integral protective film consisting of said
metal of sald surface, chlorine, and sulfur.

2. As an article of manufacture, a nickel metal
structure having a nickel surface provided with
an integral protective film consisting of said
nickel, chlorine, and sulfur.

3. As an article of manufacture, a metal struc-
ture having a surface layer of metal containing
& major portion of nickel, said layer having its
exposed surface provided with an integral pro-
tective film consisting of said metal of said layer,

chlorine, and sulfur.
LESLIE . JENNESS,
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