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made by reissue.

ABSTRACT OF THE DISCLOSURE

Hydrogen embritilement of ferrous metal surfaces in
contact with process solutions containing cyanide, acetic
acid and phosphoric acid impurities, such as crude acrylo-
nitrile solution produced by acrylonitrile synthesis, is pre-
vented by immersing an inert electrical conductor in the
process solution and establishing an electrical potential
between the conductor and the ferrous metal surface, so
as to continuously maintain the ferrous metal surface
anodic in electrical porential relative to the process solu-
tion, with the electrical potential serving to establish a
current density such that the ferrous mefal surface is
continuously dissolved in the solution by a small and es-
sentially negligible amount of induced corrosion.

This invention relates to the prevention of metal fail-
ures due to absorption of hydrogen and consequent em-
brittlement of the metal.

It has been found that hydrogen absorption by metals
in contact with fluids which commonly cause hydrogen
embrittlement is prevented by maintaining an electrical
potential between this metal and another metal immersed
in the fluid and functioning as a cathode. In this manner,
the metal to be protected is maintained sufficiently anodic
so that local cathodes can no longer form on its sur-
face, with the fluid acting as an electroylte in the elec-
trical system. The current is usuvally an impressed electro-
motive force, but could also be a galvanic current if the
electrochemical potential of the two metals is sufficiently
far apart. In general, this invention protects metals from
the hydrogen embrittlement that commonly occurs where
fluids are being handled or stored which tend to form
films that allow or encourage the deposition of atomic
hydrogen which forms on cathodic areas during the nor-
mal corrosion process. Hydrogen embrittlement results
when atomic hydrogen passes freely through the lattice
of the metal, until it combines to form molecular hydro-
gen or compounds in voids or at grain boundaries within
the metal which develop pressure in the metallic voids.
These pressures weaken the metal so that it becomes brit-
tle and eventually cracks.

The problem of hydrogen embrittlement is widely prev-
alent in the chemical and petroleum industry. Where this
type of metal deterioration takes place, sudden cata-
clysmic cracking of vessels may occur without any prior
warning. Thus hydrogen embrittlement may be distin-
guished from the more common corrosion situation in
which there is a gradual failure due to metal wastage
or other surface attack. Hydrogen embrittlement results
from the actual absorption of hydrogen, usually atomic
hydrogen, which is formed on metallic surfaces that be-
come cathodic due to electrochemical processes of cor-
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rosion. Uusually the corrosion itself is not a serious prob-
lem, however, the film of hydrogen deposited on the
metal surface forms gaseous compounds with non-me-
tallics in the grain boundaries of the metal. Thus the hy-
drogen penetrates through the metal surface and is ab-
sorbed into the metal crystalline structure, resulting in
deterioration of the strength of the metal due to em-
brittlement, and eventual failure of the chemical process
vessel or other apparatus formed of the metal. Usually
this failure is a sudden cracking or collapse, with at-
tendant disastrous effects.

The major metal requiring protection against hydrogen
embrittlement is steel. Steel process vessels and storage
tanks are widely used in the chemical and petroleum in-
dustries, and hydrogen embrittiement of such vessels
has been prevented in some cases by using a protective
coating which separates the steel from the electroylte.
This procedure is expensive and is only as reliable as
the coating. As an alternative, hydrogen embrittlement
can sometimes be prevented by using other metals. In
some cases aluminum or stainless steel may be substituted
for steel, but this may be prohibitively expensive. Other
metallics which are sometimes susceptible to hydrogen
embrittlement include the hardenable grades of stainless
steel, copper and its alloys, and aluminum.

Although hydrogen embrittlement is widely encoun-
tered, in general this phenomenon occurs most frequently
in systems involving weakly acid or alkaline solutions
contaminated with sulfur compounds, cyanides, or com-
pounds of arsenic or mercury. These contaminants are
fairly widespread, especially in the petroleum and chemi-
cal industries, thus numerous industrial systems may be
protected by the method of the present invention. With-
out so limiting the invention, it appears from a theorteical
standpoint that hydrogen embrittlement occurs where the
aforementioned contaminants are present because the
natural surface film which forms on the steel surface is
modified or eliminated due to chemical action of the con-
taminants, thus permitting hydrogen penetration into the
metal. Of course, hydrogen embrittlement can sometimes
be prevented by the elimination of these contaminants
from the system or by the addition of air. However, these
procedures are seldom feasible and are usually quite ex-
pensive. Hydrogen embrittlement has also been known
to occur in metal pickling installations, such as where
steel springs are processed. In such cases the springs
which are produced are usually subject to premature fail-
ure and other defects.

It is an obpect of the present invention to prevent hy-
drogen embrittlement of metals.

Another object is to protect metallic structures and ob-
jects by preventing electrochemical deposition of hydro-
gen on metallic surfaces of these structures and objects.

A further object is to overcome the normal electro-
chemical potentials which are generated when metallic
surfaces are in contact with corrosive solutions which tend
to deposit hydrogen by rendering these surfaces sufficient.
ly anodic to a cathode.

An additional object is to maintain metallic surfaces,
particularly steel, at an anodic electrical potential rela-
tive to a solution in contact with the surface, thereby pre-
venting hydrogen embrittlement of the metal .

These and other objects of the present invention will
become apparent from the description which follows. In
the present invention, a metallic object, such as a steel
vessel or other container holding a solution which tends
to deposit hydrogen on the vessel surface by electro-
chemical reaction is protected against subsequent hydro-
gen embrittlement of the metal in a novel manner, An
electrical potential of suitable magnitude is maintained
between the vessel wall and the solution. This potential
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is established by immersing a suitable cathode in the solu-
tion, and providing an electrical circuit between the ves-
sel wall and the cathode using direct electric current
from an external source. Thus the vessel wall is main-
tained anodic in charge, which is the reverse of cathodic
protection systems now in fairly common use. The method
of the present invention will usually cause an induced
electrochemical corrosion, however, current density is
regulated so that this corrosion is of a low order of
magnitude and can be tolerated, while the far more seri-
ous problem of hydrogen evolution and subsequent rapid
failure due to embrittlement is eliminated. Since the ves-
sel wall is anodic in electrical potential relative to the
solution, it becomes impossible for hydrogen to deposit on
the wall since any tendency for hydrogen ions to lose
their charge and form hydrogen atoms is artificially re-
versed by the strong anodic or positive potential of the
wall, Thus negatively charged particles are preferentially
discharged against the wall rather than against hydrogen
jons, and no hydrogen film can form on the metallic sur-
face of the wall.

The magnitude of the anodic potential required for the
prevention of hydrogen deposition and consequent metal
embrittlement is a function of the operating condition en-
countered. Thus the magnitude of anodic potential re-
quired must be empirically determined for each applica-
tion. In any case, sufficient electric potential is applied
to the metallic structure being protected from hydrogen
embrittlement, to maintain all local areas of the surface
at a positive potential. In general, the reguired minimum
voltage potential between the solution and any point on
the surface of the structure to be protected will be on the
order of 0.8 volt. That is, every point on the surface will
be maintained positive by at least 0.8 volt relative to a
copper-saturated copper sulfate half cell in the electolyte.
Excessive voltage is undesirable, since it will not produce
any further protection and will also cause additional in-
duced corrosion.

This system may be applied to vessels which are also
coated, thus providing protection against hydrogen em-
brittlement at breaks in the coating, It should be noted
that coated metallic surfaces require considerably less
amperage for protection than comparable uncoated sur-
faces.

The method of the present invention was utilized at a
commercial chemical plant engaged in the production of
acrylonitrile. Much difficulty had been encoutered due to
hydrogen embrittlement of steel vessels, since the acrylo-
nitrile solution containing cyanide, acetic acid and phos-
phoric acid impurities reacted with the metal vessel walls
to produce a hydrogen film which in turn formed gaseous
compounds with non-metallics in the grain boundaries of
the metal. The typical hydrogen embrittlement which took
place thus resulted in a deterioration and failure of the
vessel walls. The acrylonitrile contained slight amounts of
potassiunt cyanide, acetic acid and phosphoric acid as
principle impurities, with a total impurity content of
about 6%.

The vessel walls were made anodic with controlled
amounts of electrical current, which completely eliminated
hydrogen deposition and prevented any subsequent hydro-
gen embrittlement. A minimum current density of 5 milli-
amperes per squire foot was maintained on that portion
of the surface of the vessel in contact with the crude
acrylonitrile. The voltage required to maintain this cur-
rent density was a function of the resistivity of the solu-
tion which varied with impurity content and other oper-
ating factors. An operating voltage range between about
1 to 10 volts was generally employed. This applied elec-
trical potential also caused an acid to form which was cor-
rosive. However, this induced corrosion amounted to only
0.0025 inch/year and was thus an insignificant develop-
ment which was readily tolerated since hydrogen embrit-
tlement had been eliminated. The service life of the pro-
tected process vessels was thus greately extended.
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A quantitative laboratory study of the effectiveness of
the anodic protection method was also made, based on
the effectiveness of the aforementioned industrial appli-
cation. A synthetic crude acrylonitrile solution was pre-
pared, containing 600 cc. acrylonitrile plus 14 grams each
of potassium cyanide and acetic acid, 1 cc. of 85% phos-
phoric acid, and 4 cc. water. Two test pieces of mild steel,
each having 0.88 square decimeter of surface area, were
immersed in this solution for a five day test period. One
steel test piece was unprotected, while the other was con-
nected to a duriron cathode immersed in the solution so
that an electrical potential was generated and maintained
by galvanic action which kept the second test piece anodic
in potential relative to the solution. After the five day
test period the two test pieces were removed from the
solution and weighed to determine whether the electrically
induced corrosion was of appreciable magnitude. The pro-
tected piece had a weight loss of 0.2136 gram, which cor-
responded to a corrosion rate of (.009 inch/year. The
unprotected piece had a weight loss of 0.2396 gram, which
corresponded to a slightly higher corrosion rate of 0.010
inch/year. Thus it is evident that, within the limits of ex-
perimental accuracy, no increase in corrosion rate was
caused by the anodic protection method. The two test
pieces were then qualitatively tested for hydrogen absorp-
tion by immersion in hot oil and observation of hydrogen
evolution. At the elevated temperature, any hydrogen
present is driven off as bubbles. No absorbed hydrogen
was observed from the protected test piece, while the un-
protected piece showed considerable evolution of bubbles
of hydrogen. Thus the anodic protection procedure had
effectively prevented hydrogen absorption in this test case,
with negligible induced corrosion.

The method of the present invention should be dis-
tinguished from anodic protection technology of the prior
art such as U.S. Patent No. 2,377,792 in which anodic
potential is employed to preserve protective oxide films
on materials such as stainless steel. In these cases a diff-
erent phenomenon and mechanism is involved, since film
preservation by anodic protection as practiced in the prior
art is direceted to prevention of corrosion by chemical at-
tack and subsequent total metal wastage. It should be
noted that the prior art did not comprehend the utiliza-
tion of anodic protection against hydrogen embrittlement,
since in numerous instances such as the aforementioned
acrylonitrile application the conventional chemical type
of corrosion is not serious. Thus in such cases where con-
ventional corrosion phenomena are not serious problems,
but hydrogen embrittlement is a problem, application of
anodic protection has heretofore not been comprehended
by the prior art.

We claim:

1. In the process of acrylonitrile synthesis, the method
of preventing hydrogen deposition on ferrous metal sur-
faces in contact with an acrylonitrile solution containing
cvanide, acetic acid and phosphoric acid impurities, which
comprises immersing an inert electrical conductor in said
acrylonitrile solution, and establishing an electrical po-
tential in the range of 1 to 10 volts between said con-
ductor and said ferrous metal surface, whereby said sur-
face is maintained continuously anodic in electrical po-
tential relative to said solution, said electrical potential
serving to establish a current density such that the fer-
rous metal surface is continuously dissolved into said solu-
tion by induced corrosion, said induced corrosion being
of a small and essentially negligible order of magnitude.

2. Method of c¢laim 1, in which said electrical potential
is regulated to a magnitude at which an average current
density of about 5 milliamperes per square foot is main-
tained on said surface.

3. The method of preventing hydrogen embrittlement
of a ferrous metal by preventing hydrogen deposition on
the surface of said ferrous metal, said ferrous metal sur-
face being in contact with a solution containing dissolved
cyanide, acetic acid and phosphoric acid, which com-
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prises immersing an inert electrical conductor in said solu-
tion, establishing an electrical potential between said fer-
rous metal surface and said conductor, whereby said fer-
rous metal surface is maintained continuously anodic in
electrical potential relative to said solution, said electri-
cal potential serving to establish a current density such
that the ferrous metal surface is continuously dissolved
insto said solution by induced corrosion, said induced
corrosion being of a small and essentially negligible order
of magnitude.

4. The method of claim 3, in which said electrical po-
tential is in the range of about I to 10 volts.

5. The method of claim 3, in which said electrical po-
tential is regulated to @ magnitude at which an average
current density of about 5 milliamperes per square foot
is maintained on said surface.

6. The method of claim 3, in which said solution con-
taining dissolved cyanide, acetic acid and phosphoric
acid principally comprises an acrylonitrile solution.

7. The method of preventing hydrogen embrittlement
of a ferrous metal by preventing hydrogen deposition on
the surface of said ferrous melal, said ferrous metal sur-
face being in contact with a solution contaminated with
dissolved cyanide, acetic acid and phosphoric acid, which
comprises immersing an inert electrical conductor in said
solution, establishing an electrical potential between said
ferrous metal surface and said conductor, whereby said
ferrous metal surface is maintained continuously anodic
in electrical potential relative to said solution, said elec-
trical potential serving to establish a current density such
that the ferrous metal surface is continuously dissolved
into said solution by induced corrosion, said induced cor-
rosion being of a small and essentially negligible order
of magnitude.
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