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This invention relates to corrosion prevention and in
particular concerns compositions and methods for pre-
venting corrosion in oil wells.

In many of the oil-producing areas of the United States
the production of crude oil is accompanied by the produc-
tion of aqueous brines containing dissolved carbon di-
oxide and/or. hydrogen sulfide. Such brines are highly
corrosive with ‘respect. to ferrous metals, and are re-
sponsible ‘for frequent failures of metallic equipment as-
sociated with the well, e. g, the well tubing, sucker rods
and sucker rod boxes, pump parts, gathering lines, tanks,
etc.  In numerocus instances the corrosion damage is so
severe as 'tO:require . replacement of sucker rods and
pump parts as often as once a month and replacement
of at least part of the tubing string as often as once a
year. The cost of such replacement, together with the
cost of comstant inspection and.the loss in oil produc-
tion during the frequent periods when the well is shut
down for inspection and replacement, is a major factor
in the cost of the oil produced. Among those who have
been most. closely -associated with the problem of pre-
venting corrosion in oil and gas wells it is generally con-
ceded that the most satisfactory solution lies in the use
of chemical corrosion inhibitors which can be introduced
directly into the well and admixed with the well fluids
before the latter can come .into substantial contact with
metallic well equipment.

Among the wide variety of materials which have ‘been
suggested for use as corrosion inhibitors in this mapner
are the reaction products of fatty acids with alkanocl-
amines, e. g., the reaction products of such acids as oleic,
ricinoleic, linoleic, linolenic, and stearic acids with such
alkanolamines as triethanolamine, di-isopropanolamine,
tributanolamine, etc. ~ These products, however, do not
provide satisfactory control of corrosion in deep wells
where elevated temperatures of the order of 80°-120° C.
normally prevail.

It is accordingly an object of the present invention to
provide improved means for preventing - corrosion in
wells. ‘

Another object is to provide means for preventing cor-
rosion induced by oil well brines. in the presence of car-
bon dioxide and/or hydrogen sulfide at the moderately
elevated temperatures and pressures which exist. within
relatively deep wells.

A further object is to provide improved corrosion in-
hibitors for use in oil wells and the like.

Other and related objects will be apparent from the
following detailed description of the invention, and vari-
ous advantages not specifically referred to herein will
be apparent to those skilled in the art upon employinent
of the invention in practice. ) )

1 have now found that the above objects and attendant
advantages may be realized through'the provision and
use of corrosion inhibiting compositions comprising as
the essential active ingredient a tertiary amino ester of
a dimerized fatty acid. More particularly, I have found

that the iower alkanolamine esters of dimerized fatty acids
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can be dissolved or dispersed in well fluids to inhibit the
corrosion of ferrous metals thereby to a remarkable ex-
tent even under exceptionally adverse conditions of tem-
perature and pressure. “Such esters are effective in very
small. amounts, and may be introduced directly into the
well bore as such. However, they are usually more con-
veniently employed as solutions in petroleum hydrocar-
bon or other suitable solvents. = As is hereinafter more
fully explained, they may be ‘advantageously employed
in conjunction with dispersing agents adapted to promote
uniform dispersion in both the aqueous and oil phases
of the well effluent.

The term “dimerized fatty acid” is employed herein
and in the chemical art to designate a class of dibasic
acids formed by polymerizing fatty acids containing at
least two ethylenic linkages and between about 16 and
about 22 carbon atoms to the dimer stage.  In the case
of ‘linoleic acid, the dimerization reaction is postulated
as follows:
20H3(CH2)5CH=CH—OH=CH(CH2)7COOH —

CH3(CHy);CH—CH~CH=CH(CH);CO0H

CH3(CH:);CH CH(CH);CO0H

: CH=CH

Other acids: which “dimerize in . this .manner include
linoelaidic, - linolenic, . licanic, arachidonic, clupanodonic,
eleostearic, etc.  In general, the polymerization is carried
out simply by heating themoncmeric acid at an elevated
temperature, €. g:; above about 250° C., while avoiding
decarboxylation and cracking.- U, S. Patent No. 2,482,761
gives further details. A typical dimerized fatty acid of
this type is available commercially from Emery Industries,
Inc. under the -trade name “BEmery 955 Dimer Acid,”
and ‘because of its avilability is preferred in preparing
the present class of corrosion inhibitors. Such product
is- obtained. by dimerizing linoleic acid obtained from
vegetable oils, e. g., soya oil, linseed oil, corn oil, etc.,
and is a viscous liquid containing about 85% of dilinoleic
acid, about 12% of ‘trilinoleic acid and about 3% of
the monomer. It has a molecular. weight of about 600
and an acid value of about 180-192, and is insoluble in
water but soluble in alcchol, - ether, benzene, acetone.
and petroleum hydrocarbons: :

The alkanolamines which are esterified with the above-
described dimerized fatty acids are characterized by con-
taining a tertiary nitrogen atom and -at least 2 alkanol
groups, and may be represented by the generic formula:

(CHz).0H
R(CHz) N,
(CHz),0H

where R represents a hydrogen atom or an hydroxyl
group, and x, y and z éach represents an integer between
2. and 6. The class thus includes alkyl dialkanolamines
such- as ethyl diethanolamine, propyl  diethanolamine,
ethyl di-n-propanclamine, n-butyl di-isoamylamine, ‘etc.,
and trialkanolamines such as triethanolamine, tri-iso-
propanolamine, - tri - tert.butanclamine, tri-n - hexanol-
amine, di-ethanol-mono-propanolamine, etc. Triethanol-
amine is preferred.

The esterification reaction'is carried out in the con-
ventional manner, i. €. by heating a mixture ‘of the
alkanolamine and dimerized acid at a suitable reaction
temperature while removing water from the system. If
desired, an esterification catalyst such as benzenesulfonic
acid ‘may be employed. " Usually the reaction proceeds
smoothly at tempeératures between ‘about 230° F. and
about 340° F. and is complete in from about 2 to 6 hours.
At temperatures above about 340° F. insoluble polymers
are formed, and accordingly it is preferred to operate at

" 'a temperature between about 270°°F; and ‘about 320° F.
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Completion of the reaction is determined either by meas-
uring the water evolved or by determining the acid value
‘of 'the product. In order to suppress oxidation, the reac-
tion is preferably carried out in an inert atmosphere, and
since 'the reaction mixture and ester product are relative-
ly viscous an.inert reaction solvent may be advantageous-
ly employed. Relatively high-beiling aromatic petroleum

- hydrocarbons, €.  g., kerosene extract, are preferred for
such purpose since. they conveniently serve as vehicles
for the hereinafter described inhibitor compositions, ‘al-
though other solvents may be employed if desired.

The alkanolamine esters which form the present class
of - corrosion inhibitors  are relatively light-colored
viscous liquids having the general chemical properties-of
mono- or di-esters depending upon the quantity of
alkanolamine. employed: for the. esterification. . Both the
mono- and- di-esters. have. corrosion inhibiting properties,

and either may-be employed- as a corrosion inhibitor in
accordance.with .the ‘invention, although the mono-ester
is usually. preferred. . Accordingly, in cairying out the
esterification reaction the  alkanolamine and dimerized
acid reactants may be provided in mole proportions vary-
ing from about 1/1 to 0.5/1. If desired, the reaction sol-

vent may be separated from the ester prodiict by distilla-’

tion; but it is usually more convenient to allow the solvent
to remain with the ester to facilitate its handling.

The following examples will illustrate the preparation
of several of the corrosion inhibiting esters of the present
class but are not to be construed as limiting the invention.
All proportions are given in parts by weight.

Example 1

Approximately 40 parts (0.066 mole). of dimerized
linoleic acid (“Emery 955 Dimer Acid”), 5 parts. (0.033
mole} of triethanolamine, and 36 parts of kerosene ex-
tract (boiling rangé 400°—600° F.) were charged to an
- oil-jacketed kettle and heated at 320° F. with stirring for
about 6 hours by circulating hot oil through the jacket.
During the ‘heating the surface -of the reaction mixture
was blanketed with nitrogen. Upon completion of the
reaction, as ‘indicated by approximately the - theoretical
reduction in the acid value of the mixture, the product was
cooled and stored without removal of the solvent. The
yield was approximately 70 parts.

- Example 11

The preparation of Example I was repeated, employing
an equlmolecular amount (0.066 mole) of the triethanol-
amine: and heating at 275°-325° F. for 6 hours. - The
product: obtained resembled that of Example I in appear-
ance; but was soméwhat more viscous and had a saponifi-
cation value indicating it to consist of about 80% of the
diester and about 20% of the mono-ester.

Example I

- Example 11 was- repeated employing a reaction tem-

perature of about 350° F. in an attempt to:shorten the
- time required-to complete the reaction.  After 2 hours’
“heating the reaction mixture became an insoluble poly-
meric gel, indicating that at such high reaction tempera-
ture .the predominant.reaction 'is one -of polymerization.

“In-treating.a well to inhibit corrosion therein in accord- -

ance with one embodiment of the invention, the inhibitor
is simply introduced into the well fluid ‘via the well tub-
ing-or casing in-an-amount sufficient to effect a substantial

degree of corrosion inhibition. ~ Such ‘amount will depend-

primarily upon the nature of the well fluid and the tem-
peratures and pressures prevailing within® the well, but
“highly. satisfactory-results-are :usually ‘obtained, even un-
der-exceptionally adverse conditions, when the weight of

inhibitor in-the well is maintained between about 0.001.

and about 0.01 percent.of the weight of the fluid in the
well.
class. are. most- conveniently employed in the form of a
solutlon in a- -suitable solvent.

As previously stated; the inhibitors of the present
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According to a preferred embodiment of the invention, -

the inhibitors of the present class are employed in con-
junction with one or more -dispersing agents which may
or may not have corrosion inhibiting properties of their
own. The primary purpose of such agents is to promote
uniform dispersion of the-inhibitor in the well fluid, and

since such fluid comprises both water or brine and oil, -

the dispersing agents may be either water- or oil-soluble,

or both. A mixtare of two or more types of dis-

persing agents may also be employed. A wide variety of
both types of dispersing agents are known and any of
them may be employed in preparing corosion inhibiting
compositions comprising the present class of esters as the
essential active ingredient.  Oil-soluble sulfonic acids,
such as the petroleum sulfonic acids, and the salts thereof,
and non-ionic dispersing agents such as the- Spans. and

Tweens and the fatty acid amides are preferred.” Com-

positions of this type ordinarily comprise between about
5 and about 20 percent.by weight of the -ester inhibitor,
and between about 70 and about 90 percent by weight
of a solvent for the ester, with the remainder being made
up by one or a mixture of dispersing agents. The com-
position may also contain scale inhibitors such as the
polyphosphates and scale-inhibiting acids.

The following examples will illustrate typical corrosion

inhibiting compositions provided by the invention, but are.

not to be construed as limiting the same:

Example IV
Parts by weight
Mono-triethanolamine ester of dimerized linoleic acid_ ‘10
Kerosene extract (B. R. _400—600° Fo)o e 80
Sodium petroleum sulfonate_ . _ ... ________ 8
- Sorbitan tri-oleate (Span 80) ... PR 2
Example V. ‘

Di-(mono-ethyl-di-n-propanolamine) ester .of dimer-

ized linolenic acid. Lol 20
- Kerosene extract (B. Ri=400-600° F.) ___.._._..___ —_ 78
Sorbitan tri-oleate (Span 80) oo ool 2

"~ Toluene i 82
Castoramide_ - Ll 5
Sodium petroleum sulfonate . i oo o 5

45

50

55

60

stearic acid oo 25
Kerosene extract (B R. 400——600" Feommeeeai 70
Tween 20 ool =3
Castoramide i o oo 2

i "Example VIII
Mono-triethanolamine-ester of dimerized 11nole1c acld_ 8
--Kerosene extract (B. R.=400-600° F.) _._.__._..__ 80
Sodium salt of alkylated benzene sulfonic acid.______— 8
Castoramide_ - o o ... 4

' Example IX ' .
Mono- trlethanolamme ester of dimerized linoleic acid_ 5
Benzene L Ll e 90
Diethylene glycol mono-stearate._ - oe_io____ 5

65

70

_isfactory when tested by addmg the same to an oil well . -

75

Example VI .
D1-tr1—1sobutanolamme ester of dlmerlzed lmolelc acid- 2

Ea.cample [ 244
Mono-tn— -propanolamme ester of dimerized  eleo-

In the above éxamples, the term “castoramide” desig:
nates .the reaction product - of  castor: 011 fatty acids or
castor oil itself with: diethanolamine.

In testing. various iaterials to determme'thelr-como-,

sion inhibiting properties, I have found that test proce~
dures which are carried out at ordinary temperatures and
pressures do not reflect accurately ‘the benav1or of the test
composition in a well. ~ Thus, inhibitors which appear sat-

brine and thereafter contacting - the- inhibited - brine with
metal strlps at atmospheric temperatures and: pressures
often prove unsatlsfactory when placed in.an lactual well.
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Accordingly, I have employed. the following rigorous
testing method which has been found to simulate actual
well conditions to a high degree: Two 6-inch lengths of
steel sucker rod are polished with emery, washed, and
accurately weighed. These ‘test specimens are then
mounted side-by-side on the head of a 4-liter rocking auto-
clave. Two hundred ml. of kerosene containing 2 drops
of the corrosion inhibitor to be tested are then introduced
into the autoclave, and the head is bolted on. The auto-
clave is then purged with carbon dioxide to remove free
air. Three and one-half liters of 3% aqueous sodium
chloride from which dissolved air has been removed by
purging with carbon dioxide are then introduced into the
autoclave, and the latter is pressured up to -about 20
D- s. i. g. with carbon dioxide. The simulated well fluid
in the autoclave thus contains about 30 p. p. m. of the
corrosion inhibitor being tested. Kerosene is employed as
the hydrocarbon phase of the simulated well fluid since
it is not known-to-contain any of the naturally-occurring
corrosion inhibitors  which - are present in some crudes.
The autoclave and the contents are heated at 100-110° C.
under an autogenous pressure of about 70 p. s. i. g. for
24 hours. Upon completion of the heating period the
autoclave is' cocled to atmospheric temperature and
opened, and the test specimens are removed, washed, and
weighed. The efficiency of the inhibitor is calculated
as follows:

Wi—W2X100
Wi

where W1 is the loss in specimen weight (total of both
specimens) with an uninhibited fluid and Wz is the loss
in specimen weight (total of both specimens) with the
inhibited fluid.

The following table sets forth the results obtained when
several of the present corrosion inhibitors and composi-
tions were tested in accordance with the foregoing
procedure:

Efficiency=

Composition No.____Z.......______ 1 2 3

Blank

Product of Example I, Percent_____..
Kerosene Extract (B. R.=400-600°
F.), Percent__.__
Span 80, Percent...... .. .__________
Sodium petroleum sulfonate, Percent_
Castoramide,! Percent
Product of Example II, Percent...
Change in Wt., mgs. .
Efficiency, Percent...

OO ©

—80H

oo

1 Reaction product of castor oil fatty acids and diethanolamine.

Composition No. 2 was introduced into a deep well
near Sinton, Texas, in such amount as to provide approxi-
mately 50 parts of the active ingredient per million parts
of well fluid, and such concentration was maintained by
the daily addition of about 2 quarts of the composition
down the well tubing. Prior to addition of the composition
the well effluent contained about 60 p. p. m. of iron. With
the composition in the well, the iron content of the effluent
dropped to about 5 p. p. m. and has remained at such
value for about 4 months,

Composition No. 3 was introduced into three wells in
Southern California. One of these wells originally had
an iron count (p. p. m. of iron in the well effluent) of
about 65, but had been treated with a commercial inhibi-
tor whereby the iron count was reduced to about 20-35
p. p. m. After treatment with Composition No. 3 the
iron count dropped to about 1.5 p. p. m. and has been
maintained at this value for over two months by the daily
addition of about 1 quart of the composition to the well.
The other two wells had iron counts of about 25 and abott
65 .p. p. m., respectively. In both cases, treatment with
Compositicn No. 3 reduced the iron count to about 2
p.p.m.

Other modes of applying the principle of my invention
may be employed instead of those explained, change being
made as regards the materials and methods employed,
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provided the compositions or steps stated by any of the
following claims, or the equivalent of such stated composi-
tions or steps, be obtained or employed.

I, therefore, particularly point out and distinctly claim
as my invention:

1. A corrosion inhibiting composition for use in oil
wells comprising a solution of an ester of a dimerized
polyunsaturated fatty acid containing from 16 to 22 car-
bon atoms and an - alkanolamine having the general
formula:

(CHz),O0H
R(CH,).N
(CH»).0H

wherein x, y and z each represents an integer between
2 and 6, inclusive, and R represents a substituent selected
from the class consisting of hydrogen and hydroxyl, in an
organic solvent. -

2. A composition according to claim 1 wherein the
ester is a di-ester.

3. A composition according to claim 1 wherein the
ester is a mono-ester.

4. A composition according to claim 1 containing suffi-
cient of a dispersing agent to effect dispersion of the said
ester in well fluids.

5. A corrosion inhibiting composition. for use in oil
wells comprising a solution of a trialkanolamine ester of
a dimerized polyunsaturated fatty acid containing from
16 to 22 carbon atoms, the alkyl groups of said tri-
alkanolamine each containing from 2 to 6 carbon atoms,
in an organic solvent.

6. A composition according to claim 5 wherein the
trialkanolamine is triethanolamine.

7.-A composition according to claim 5 wherein the
dimerized fatty acid is dilinoleic acid.

8. A composition according to claim 5 wherein the
said ester is the di-triethanolamine ester of dilinoleic acid.

9. A composition according to claim 5 wherein the
said ester is the mono-triethanolamine ester of dilinoleic
acid.

10. A corrosion inhibiting composition for use in oil
wells comprising between about 5 and about 20 percent
by weight of a trialkanolamine ester of a dimerized poly-
unsaturated fatty acid containing from 16 to 22 carbon
atoms, the alkyl groups of said trialkanolamine each con-
taining from 2 to 6 carbon atoms, between about 70 and
about 90 percent by weight of an organic solvent for
said ester; and the remainder comprising a dispersing
agent for dispersing said ester in wel] fluids.

11. A composition according to claim 10 wherein the
said dispersing agent is a mixture of a petroleum sul-
fonate and a non-jonic dispersing agent.

12. A composition according to claim 10 wherein the
sai_g ester is the mono-triethanolamine ester of dilinoleic
acid.

13. A composition according to claim 10 wherein the
saig ester is the di-triethanolamine ester of dilinoleic
acid.

14. The method for reducing the corrosiveness of oil
and gas well fluids towards ferrous metals which com-
prises admixing with said fluids a corrosion inhibiting
amount of the composition defined by claim 1.

15. The method for reducing the corrosiveness of oil
and gas well fluids towards ferrous metals which com-
prises admixing with said fluids a. corrosion inhibiting
amount of the composition defined by claim 5.

16. The method for reducing the corrosiveness of oil
and gas well fluids towards ferrous metals which com-
prises admixing with said fluids a ¢orrosion inhibiting
amount of the composition defined by claim 7.

17. The method for reducing the corrosiveness of oil
and gas well fluids towards ferrous metals which com-
prises admixing with said fluids a corrosion inhibiting
amount of the composition defined by claim 9.
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18. The method for. reducing the corrosiveness of oil -

and- gas well fluids towards ferrous metals which com-

prises admixing ‘with ‘said fluids ‘4 corrosion inhibiting
amount of ithe composition defined by claim 10.

19. The method for reducing the corrosiveness of oil
and gas well fluids towatrds ferrous metals which com-
prises- adm1x1ng ‘with saxd fluids ‘a corrosion inhibiting
amount of the composmon defined by claim 11.

-20:°The method for reducing the corrosiveness of oil
and gas well fluids towards ferrous metals which com-
prises admixing with. said fluids a corrosion inhibiting
amount of the composition defined by claim 12,

21. The method for reducing the corrosiveness of oil
and gas well fluids towards ferrous metals which com-
prises -admixing’ with said fluids a: corrosion .inhibiting
amount. of an ester. of ‘a: dimerized poly-unsaturated fatty

acid containing from: 16 to 22 -carbon- atoms and an.

alkanolamme havmg the general formula
T (CHz) ;0H L
_R(CH).N]- R

(CHp,OH .

10

20-

8

wherein x, y and z each represents an integer from 2 to
6 and R represents a substituent selected from the class’
consisting of hydrogen and hydroxyl. -

22. A method according to claim-21 wherein the said
ester is .a trialkanolamine ester: of a’ dunenzed poly-
unsaturated fatty acid containing from 16 to 22 carbon
atoms, the alkyl groups of said trlalkanolamme each con-’
taining from 2 to 6 carbon atoms. :

23." A method according to claim 21 wherein the di--
merizéd fatty acid is-dilinoleic acid. :

24. A method according to claim 21 wherein the said
ester i§ the mono-tricthanolamine ‘ester of dilinoleic acid.”
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