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This invention relates to a method of in-
hibiting corrosion and more particularly to a
method of, and a corrosion inhibitor for, pre-
venting or reducing corrosion of metal parts,
such as flow lines, wellnead equipment, rods,
tubing, etc., used in connection with petroleum
wells.

The well corrosion encountered in producing
wells presents a major problem in maintenance
of equipment. The inspection and replacement
of tubing and wellhead equipment, including the
cost of work-over jobs is an important factor in
the economy evaluation of fields which produce
corrosive well fluids. Therefore, much work has
been and is being done to remedy the particu-
larly vicious corrosion encountered in high pres-
sure wells of the gas-condensate type. i

I have discovered that there are organic acids
present in many highly corrosive well fluids, par-
ticularly in the well water or brine withdrawn
from high-pressure distillate wells. While the
origin of these organic acids is not known, it is
probably in the buried vegetation of past geologic
ages. Their presence in distillate well production
is assumed to be due to the fact that the corrosive
organic acids are volatile at temperatures en-
countered in deep distillate wells plus the fact
that they are highly soluble in the water. At
lower temperatures such as are encountered near .
the wellhead these acids may precipitate or co-
precipitate with water on the cold metal parts
causing the severe corrosion.

Rapid corrosion also oceurs when crude oil con-
taining soluble suifides is produced and the cor-
rosion of oil field equipment is especially severe
in areas where brines are associated with the.
sour crudes. These corrosive sulfide brines are
believed to include alkali sulfides, alkaline earth
metal sulfide, and acid sulfide such as hydrogen
sulfide. It has been found that sulfide corrosion
occurs in both acidic suifide brines and in alkaline
sulfide brines with a pH below 9. Neutralization
of acidic component does not inhibit corrosion
because the salts are readily hydrolyzed to bases
and volatile acids which may condense on the
cold metal parts.

It is, therefore, an object of this invention to
provide a method for inhibiting corrosion in weils
due, for example, to organic acids or sulfides. It
is a further object of this invention to provide an
inhibitor for such corrosion and a method by
which it may be introduced into the well in such
a manner that it will inhibit corrosion by the
produced well fluids for a substantial period of
time. A further object to provide such an in-
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hibitor that will not form harmful solid reaction
products or corrosive compounds when dispersed
in the well fluids. Other objects and advantages
vill be apparent from the following description
of examples of my process and inhibitor.

Organic acids which T have identifled are acids
of aliphatic hydrocarbons, such as formie, acetie,
propionic, butyric, valeric, etc. In one sample
of well water they were found to be in a concen-
tration of about 250 parts per million. The
actual concentration was probably higher be-
cause of the difficulty in quantitatively recovering
these acids from such dilute solutions. In order
to ascertain the possible corrosive effects of these
acids, a liter of solution of acids (0.5%) which
were extracted from well fluids was compared
with a similar solution of propionic acid and one
of caproic. The solution of well acids had a pH
of 4.9 while the other solutions were 4.5. The
following table will indicate the relative core
rosion of mild steel panels at 150° P, when ex-
posed to the above-mentioned synthetic and
actual solutions:

Loss in
Solution pH. mg.fin.3day
Propionic acid 4.5 121
Caproic acid.. .l 45 9.9
Acids extracted from well water_...____._____. 4.9 7.4

A second rcomparison was made between a
dilute solution of the well acids compared to that
of propionic acid by noting their respective effect
on mild steel panels at a temperature of 150° F.
and at an exposure of 12 hours. The results are
set forth in the following table:

ton ol oo

- tion of Yron

Solution | Percent in Solutio
(P.P. M)

Propionic acid 0.1 383

Acids extracted from well water....._.... 0.1 320

46 Known treating agents have been introduced

into the distillate wells and in some cases favor-
able results were obtained from the point of in-
hibiting corrosion but serious scale formation has
resulted from the treating agent or from a re-
action product of the treating agent, and the
dissolved contents of the well fluids. As a con-~
Sequence of such scale formation production is
reduced and shutdowns resuit. For example, it
has been found that the injection of ammonium

§B hydroxide in the corrosive condensate wells will
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prevent corrosion. ‘True condensate production
contains no appreciable amount of calcium or
scale forming elements and the neutralization
with ammonium hydroxide does not produce a
scale. However, some wells classed as corrosive
condensate wells also produce a formation water
which is very acidic and high in calcium content.

Thus, by treating well fluids containing these
organic acids to reduce the acidity of the solution
or neutralize them, the corrosive properties of the
well fluids are substantially reduced but if forma-
tion water high in calcium content is also pro-
duced there is a scale formation.

Bone oil is a by-product of the manufacture
of bone charcoal and is a complex mixture in-
cluding pyridine and quinoline, together with a
tar fraction which is insoluble in well fluids. If
the entire bone oil fraction were employed as the
corrosion inhibiting agent, the insoluble tar frac-
tion tends to form an amorphous precipitate in
the bottom of the well and this precipitate would
adversely affect production by tending to plug
the well pores. I have found that a very use-
ful corrosion inhibitor can be obtained by ex-
tracting a quantity of bone oil with at least an
equal quantity of a hydrocarbon such as kero-
sene to produce an extract of the soluble con-
stituents. Ethyl alcohol is not a suitable ex-
tractant because bone oil is completely soluble
therein. Some residue is obtained with carbon
tetrachloride and with benzene but extraction
with heptane produced the largest amount of
an insoluble precipitate. A particularly - de-
sirable way to produce the precipitate-free in-
hibitor is to first dissolve the bone oil in a por-
tion of the produced well fluids, thereby in-
troducing into the well only that portion of the
bone oil which is soluble in the particular well
fluids to be encountered.

The extent of corrosion is indicated by the
concentration of iron in the well efluent or pro-
duced water. It has been found that the cor-
rosion can be materially reduced or inhibited
by adding to the well an extract of about 1 gal-
lon of bone oil to about ten barrels of acidic brine
produced. For example, in one well producing
about twenty barrels of oil per day and twenty
barrels of water per day having a pH of ap-

proximately 5.7, the introduction of an extract -

of about one gallon of bone oil per day was ade-
quate to inhibit corrosion completely. It is con-
templated, however, that in general an extract
of between about 0.25 gallon and about 1.5 gal-
lons of bone oil per day will effectively inhibit
corrosion and maintain the iron content of the
produced well fluids below about twenty-five
parts per million.

A comparison of the inhibiting power of bone
oil compared with the same concentrations of
selected constituents of commercial bone oil
under the same conditions has clearly demon-
strated that the known constituents of commer-
cial bone oil including acetonitrile, quinoline,
pyridine, triethylamine and aniline, do not have
an inhibiting power which even approaches that
of commercial bone oil or extracts of bone ofl.
To demonstrate this fact a serles of tests were
conducted which consisted in exposing a mild
steel panel of 2 square inches surface area, to 5
liters of deamerated solution of acetic acid In a
concentration of 600 P. P. M. acetic acid to which
the inhibitor was added in a concentration of 500 -
P. P. M,, the panels were immersed in the solu-
tions for three days (73 hrs.) at 160° F. Nearly

complete inhibition was obtained with bone oil
whereas the percent inhibition with the separate
constituents ranged as low as zero and averaged
less than 30 percent as effective as the bone olil.

The mechanism by which this complex mix-
ture of bone oll, or an extract from which the
insoluble tar has been removed, effectively in-
hibits corrosion is not entirely understood.
Nevertheless, I have found that great advantage
can be obtained by the addition of my inhibit-
Ing agent to acidic brines before they contact the
metal parts associated with a well. This treat-
ment counteracts almost completely the normal
corrosive tendency of acidic brines even under
elevated temperature conditions.

In practicing my improved method, as for ex-
ample, in inhibiting the corrosion in a high
pressure distillate well wherein organic acids are
found in the well fluids, I introduce into the well,
preferably at the bottom of the well below the
mouth of the tubing from which the well fluids
are withdrawn, a quantity of the treating mate-
rial sufficlent to inhibit the corrosive action of
the organic acids produced. ¢ desired, the
segregated or confined quantity of the material
can be disposed in the well for the controlled
release of the treating agent over a substantial
period of time, thus continually preventing cor-
rosion of the metal parts with which the well
fluids come into contact. :

To effect the introduction of a treating agent
at the base of the well in my preferred manner,
and particularly where the well is producing and
a packer set between the tubing and the casing
prevents a communication from the surface with
the bottom of the well, I may introduce into the
well hole a receptacle for the treating agent
which may be positioned and retrieved from the
base of the well by the customary running and
retrieving tool. This receptacle, if the treating
agent is a liquid, for example bone oil, may com-
prise a metal bottle having an automatically
operated valve means in the opening thereof and
45 a pressure-equalizing tube for permitting the
well fluids to flow in behind the treating agent
which flows from the bottle against the pressure
within the well when the valve is open. By se-
lecting the proper size of orifice on the bottle,
50 the flow of treating agent can be controlled.

Where the temperatures of the well are suffi-

clently high to vaporize the contents of the

bottle, the treating agent will be discharged at
-~ & continuous rate into the well fluids over a pe-
" riod of time determined by the quantity of ma-
terial that the bottle will contain. The vapors
of the treating agent may, however, be then ab-
sorbed by the well fluids.

The preferred embodiment of my invention
described herein is for the purpose of illustra-
tion only and is not intended to limit the. scope
of the invention defined by the appended claims,
since it is apparent that the principles of my in-
85 vention may be applied generally by those skilled

in the art in view of the foregoing description.

I claim:
1. The method inhibiting the tendency of cor-
rosive brines containing low-boiling organic acids
70 to attack metal surfaces which comprises the
step of mixing with said brines a small amount
of bone oil. .
2. The method of protecting ferrous metals
from attack by aqueous fluids having organic
78 acids dissolved therein which comprises the step
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of dispersing a small amount of bone oil in the
aqueous fluids.

3. The method of treating organic acid-con-
taining well fluids to inhibit its tendency to
cause corrosion which includes the step of mix-
ing with the well fluids being produced a small
amount of bone oil.

4. The method of inhibiting corrosion in wells
wherein well fiuids containing organic acids are
produced, the step which comprises treating the
well fluids with bone oil.

5. The method of inhibiting corrosion of metals
in wells due to acidic brine containing organic
acids produced from the well, comprising the
step of commingling bone oil with the well fluids
in the ratio of about one gallon of bone oil to ten
barrels of acidic brine produced.

6. The method of inhibiting corrosion of fer-
rous metals by well fluids containing organic acids
and brine which comprisss supplying to well fluids
in a lower region of a producing well a minor
quantity of bone oil said quantity being substan-
tially proportional to the volume of brine pro-
duced.

7. The method of inhibiting the tendency of
corrosive hydrocarbon well fluids containing or-
ganic acids to attack metal surfaces which com-
prises the steps of introducing a small amount of
bone oil near the base of the well at spaced inter-
vals of time while producing said well, said
amount being substantially proportional to the
volume of brine produced.

8. The method of inhibiting the normal ten-
dency of organic acids in a corrosive mixture of
dissimilar fluids to attack metal surfaces which
comprises the step of adding to said mixture a
small amount of bone oil which is dispersed in at
least one of said dissimilar fluids.

9. The method of treating organic acid-con-
taining well fluids to inhibit their tendency to
cause corrosion which includes the step of dis-
persing in said well fluids a small amount of bone
oil soluble in hydrocarbons.

10. The method of inhibiting corrosion of fer-
rous metals in distillate wells due to water-soluble
organic acids, the steps which comprise dis-
solving bone oil in a kerosene fraction and dis-
persing the dissolved bone oil in the well fluids at
a low point in the well from which they are pro-
duced. :

11. The method of inhibiting the attack of fer-
rous metals by normally corrosive aqueous fluids
containing water-soluble organic acids and pro-
duced with a major proportion of hydrocarbon
fluids- which comprises dispersing in the fluids a
small amount of bone oil soluble in said hydro-
carbon fluids.

12, The method of producing a distillate well
fluid which is normally corrosive due to acidie
brine containing organic acids, the steps which
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comprise segregating a small quantity of distil-
late well fluid, dissolving a small amount of bone
oil in said well fluid, and dispersing said dis-
solved bone oil in a lower region of said well, said
small amount of bone oil being proportioned to
the quantity of acidic brine produced.

13. In the method of inhibiting the attack of
ferrous metals by normally corrosive, non-
aqueous and aqueous well fluids containing water-
soluble organic acidic material wherein corrosion
is evidenced at the surface by the iron content of
the aqueous well fluids produced, the steps which
comprise dispersing in the well fluids a small
amount of a bone oil fraction soluble in the non-
aqueous well fluids produced by said well, said
small amount being sufficient to maintain the iron
content of the aqueous well fluids below about
50 parts per million.

14. A corrosion inhibitor for wells producing
mixtures of aqueous and non-aqueous well fluids
containing organic acidic materials comprising
a light hydrocarbon fraction having dissolved
therein an extract of commercial bone oil ob-
tained by treating said bone oil with a portion -
of the produced well fluids.

15. A corrosion-inhibited well fluid produced
from a high-pressure distillate well comprising a
mixture of aqueous and non-aqueous liquids con-
taining organic acidic materials and an added

80 corrosion inhibiting composition, which com-
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position is soluble in said well fluids and which
consists essentially of a light hydrocarbon having
dissolved therein an extract of bone oil which is
substantially free from substances precipitable
by said well fluid. » °
PAUL L. MENAUL.
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