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The present invention is directed to a compo-
sition and a method for preparing same. More
particularly the invention is directed to a com-
position suitable for use as a corrosion inhibitor

and a method for preparing the composition. In

its more particular aspects, the invention is di-
rected to a new chromium salt, 2 method of pre-
‘paring same and the employment of the com-
position in inhibiting the corrosivity of corrosive
solutions to ferrous metal surfaces.

Prior. to. the present invention it has been
known to employ alkali metal chromium salts as
corrosion inhibitors to inhibit the corrosivity of
oxygen bearing water. It has also been known
to inject alkali metal salts of chromium into wells
producing corrosive fluids from subsurface for-
mations. For example, it has been known to use
potassium and sodium. chromate as corrosion in-
hibitors in oxygen bearing water and also as cor-
rosion inhibitors in wells producing gas and lig-
uid from subsurface formations such as oil and
gas wells. It has been common heretofore to in-
troduce the potassium and sodium chromates
into water or into well fluids and the like to in-
hibit the corrosivity of the corrosive fluids against
ferrous metal surfaces such as vessels and metal
conduits - with- which - they come into contact.
Oxygen: is known to be present in water used in
industrial processes such’'as petroleum -refining
and such water is quite corrosive to ferrous metal
surfaces with which it comes into contact such as
in condenser boxes and the like. The corrosive
media in well fluids such as those in the type re-

ferred to is usually hydrogen sulfide or carbon

dioxide, which may be produced in substantial
quantities, depending on the locale of the well.
It has also been known to employ various
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amines such as cyclohexylamine as corrosion in- -

hibitors in steam systems. Berk, in the U. S. Bu~
reau of Mines publication “Observations on the
Use of Cyclohexylamine in Steam,” discusses the
use of amines and particularly cyclohexylamine
as & corrosion inhibitor in systems where corro-
sion is due to the presence of ‘carbon dioxide.
Chamberlain has disclosed in U. 8. 1,719,649 and
U. 8. 1,719,650, the employment of amines as cor-
rosion inhibitors in acidic solutions. Other pat-
entees such as Hitch in U, 8. 1,206,220, Gann et
al. in U. 8. 1,992,205 and Saukaitis in U. S.
2,049,517 have disclosed the inhibiting asction of
sodium' and potassium chromates, sodium bi-
chromate and the: inhibiting power of various
amines . in ‘inhibiting the corrosivity -of acidic
media, to various alloys. ' Thus from the foregoing
discussion of the prior-art it will be seen that it
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2
is old to employ amines or chromates as corro-
sion inhibitors. - ’

The corrosion inhibitors of the prior art, either
amines or-chromates, have the one great disad-~
vantage in requiring appreciable amounts of the
Inhibitors to passivate the corrosivity of various
solutions to which they may be added. In other
words, substantial quantities of the compounds of
the prior art have been necessary. These corro-
sion inhibitors are quite costly and besides, in
industrial systems, add other ingredients to the
corrosive solution which may be disadvantageous.

16 is, therefore, the main object of the present
invention to provide an improved composition
adapted for use as a corrosion inhibitor of cor-
rosion to ferrous metals due to agueous solutions
containing oxygen, hydrogen sulfide and carbon
dioxide. ‘

Another object of the present invention is to
provide a method for preparing a composition
adapted for use as a corrosion inhibitor in cor-
rosive aqueous solutions containing oxygen, hy-
drogen sulfide or carbon dicxide in contact with
ferrous metal surfaces. )

It is another object of the present invention
to provide an improved method for inhibiting
the corrosivity of -aqueous solutions in contact
with ferrous metal surfaces, ,

A still further object of the present invention
is to provide a method for inhibiting the cor-
rosivity of aqueous solutions containing corro-
sive amounts of oxygen, hydrogen sulfide and car-
bon . dioxide in contact with a ferrous metal sur-
face. . -

The objects of the present invention may be
achieved by preparing a composition adapted to
be used as a corrosion inhibitor, as described, by
reacting a solution of an acidic chromium com-
pound and an amine.

The objects of the present invention may also
be achieved by maintaining in the corrosive solu-
tion in contact with ferrous metal surfaces con-
taining oxygen, hydrogen sulfide or carbon di-
oxide, a small but effective amount of the reac-
tion product of an acidic chromium compound
and an amine. -

Thus, the present invention may be briefly de-
scribed as involvihg a. composition comprising a
reaction product of an acidic chromium com-
pound and an amine.

The invention also involves preparing a com-
position by forming an aqueous solution of an
acidiec chromium ecompound such as the chromic
acids, salts of polychromic acids, and acid chro-
mium salts and adding to the aqueous solution
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thereof at substantially atmospheric tempera-
tures a quantity of an amine such that one mole
of amine is present to react with every acid
chromate ion originally present-or subsequently
produced by hydrolysis of the chromium com-
pounds to form & reaction product.

The present invention further invelves main-
taining in a corrosive -solution containing:oxy-

gen, hydrogen sulfide, and/or carbon dioxide in-

contact with the ferrous metal surface a small

4

ployed, satisfactory results have been obtainéd
with solutions of potassium dichremate contain-
ing 109% by weight of the salt. The amount of
the amine employed should be sufficient to pre=
vide at least two moles of amins for each mole of
the acid chromnm compound in the agquesus

“solution.

In general, ‘one mele of amine will react with

" every mole of acid chromate present originally

10-

but effective amount of the reaction-product of - -

an amine and an acidic chromium compound,
such as the chromic acids, the salts of pely-
chromic acids and acid chromium salts in the
range between 5 and 500 parts per-million of the
corrosive solution.

The term “acidic- chromium compound” 1efers
to those compounds which when placed in ague-
cus solution will have a pH less than 7.
amples of such salts are potassium dichromate,
sodiuin acid chromate, potassium trichromate,
and sodium trichromate. It is to be noted that
an alkali metal chromate such as potassium. chro-

mate or sodium chromate will not react with
amines in accordance with .this invention since
cheJ form solutions with a pH greater than 7.
It is well known, however, that in acid solution
the chremates tend to form polychromates, the
concentration of which depends upon the pH of
the solution and the concentration of the salt.
These -polychromates will react with amines in
accordance with the plesent invention as de-
seribed hereinafter: -

In preparing the- improved comyosmon an
acidie chromium compeund of -the type illus-
trated such as an alkali metal dichromate, is
dissolved in water to the extent of forming a
solution which is only partially saturated. It is
desirable to employ the highest practical degree
of concentration of the scidic chromium com-
pound solution, but care should be exercised in
preparing- the solutlon sinee, if the solution is
too concentrated, it may cause oxidation to occur
as will be described. A primary, secondary, or
tertiary amine is then added to the agueous solu-
tion of the acidic chromium salt. If the ague-
ous solution -contains too much of the gcidie
chromium compound: there is some danger of
oxidation of the amine by-the solution. The
degree of saturation may be determined by the
skilled workman. The amine is- reacted with the
aqueous solution of the chromium compound acicd
chromium salt until a pronounced color change
takes place. With potassium dichromate the
aqueocus solution is a brilliant orange which  on
reaction with an amine changes to an intense
yellow. When the reaction has been completed,
as indicated by the-color change, the reaction
product has been formed which is suitable as a
corrosion inhibitor and may- be used as such as
a solution or the reaction product may bhe re-
covered from the solution by evaporation of the
solution to dryness to eause separation of the
crystalline satls.

The temperatures employed are essentially
room temperatures, that is, a temperature in the
range from about 60 to 100° F. While the reac-
tion is taking place some heat will be evolved as
normally occurs in acid-alkali reactions. How-
ever, elevated temperatures should be avoided
since oxidation of the amine by the.acid chro-~
mium compound may occur. It is undesirable to
use temperatures in excess of about 212° F

‘While solutions of greater strength may be em- °

il .
X~

‘or formed in solution. For example, a mole of

potassium dichromate, which hydrolyzes to form
two moles of the acid chromate, requires two

" .moéles of ‘amine to form the reaction product of

the preseit invention. To illustrate this, 50
grams of potassium dichromate were placed info
agueous solution.  The solution, which had a

- deep orange eolor; was titrated with cyclohexyl-

amine until the color changed to yellow. This

" color change, which was quite pronounced, oc-
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curred when 39 cc. of the cyclohexylamine had
been added. 'The 50 grams of potassium dichro-
mate corresponds to 0.17 mole whereas the 39
ce. of cyclohexylamine corresponds to 0.32 mole.
Thus, within the limits of experimental error, 2
moles of the amine were required for one mole
of the dichromate. Since any of the salts of the
polychromatic acids hydrolyze to form the acid
chromate, they may be used to form the amine
chromates. For the trichromate, 3 moles of the
amine would be required, for the tetrachromate,
4 moles of the amine would be required, ete.

It has been stated that the chromium com-
pound to. be used with the present: invention
must form an agueous solutiorr with & pH less
than 7. ‘Any of the compounds illustrated, such
as the chromic acids; salts. of polychromic acids,
or acid chromium -salts, meet -this criterion.
Alkali metal chromates: on:.tiie other hand form
solutions whose pH is greater than 7 and, thus,
will not react. in accordance with the present
invention. This is: illustrated by the following
example: - 20 grams. of sodium chromate were
added. to 200 ce. of distilled water and the pH
was found to be 9. Two drops of cyclohexyla-
mirie were ‘added to. this. solution whereupon the
pH immediately. rose to a value of slightly great-
er than 11, thus indicating that the cyclohexyla-
mine was.not reacting with the chromate. For
the purpose of comparison, three drops of cyclo-
hexylamine were added to 200 milliliters of dis-
tilled water and the pH was found to be 11.

It is well known that: the chromates, if placed
in a.'strong enough acid selution, tend to form
the polychromates. The: concentration of the
polychromates formed depends upon the pH of
the solution and the concentration of the chro-
mate originally - present.- The polychromates

- formed. in such a manner:will react with amines
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in accordance with the.present invention. For
convenience, however, it is preferred to use either
the chromic acids or the salts of the polyehromic
acids; or an-acid chromium. salt. sinee selutions
of these compounds. do not have:to ke adjusted
for pH in order to obtain theé reaction preduct.
The preferred compound. is potassium. dichro-
mate: since it is. readily soluble; readily available,
and- at the present. time one.of the less-expen-
sive: sources of the.desired acid ehromate ion.

The reaction product is. thermally stable at
an evaporation temperature of 212° F.

In order to illustrate the present invention fur-
ther, reaction products in accordance with the
present invention were formed by reacting at
room temperature two. primary: amines, cyclo-
hexylamine and aniline, a. secondary amine;. di~
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ethanolamine, & tertiary amine, tri-ethylamine,
and a mixed prlmary-secondary amine, amino-
ethylethanolamme, with potassium  dichromate
in accordance with the procedure set out be-
fore. Reaction products were formed which, for
convenience in description, will be termed eyclo-
hexylamine chromate, aniline chromate, amino-
ethylethanolamine chromate, diethanolamine
chromate and tri-ethylamine chromate, but it
is to be clearly understood that I do not wish to
limit myself by such terminology since the exact
structural composition of the reaction product
is not understood.

The reaction products of the several amines
and potassium dichromate were then added to
oxygen saturated surface water (from the San
Jacinto River, Harris County, Texas) in varying
amounts in a laboratory scale circulating water
system in which the veloecity and temperature of
the water simulated those of a normal plant
cooling system actually employing this river wa-
ter. Weighed specimens of carbon steel were
exposed in this system at two different velocities
(0.124 and 1.575 feet per second) of this water
into which air was. continuously bubbled. The
difference in corrosion rate of these speciments
under the influence of the various inhibitors
was determined by conventional Ilaboratory
techniques.

These results are compared in Table I which
presents the amount of the various inhibitors
added to the oxygen bearing water, the corrosion
rate and penetration in inches per year as
evidenced by the weight loss of the specimens of
carbon steel after contact with the corrosive so-
lution and the per cent of reduction.

TABLE I
Corroszon of carbon steel by oxygen-bearing
water
Corrosion| Percent
Inhibitor Added %mou;t, rate, Reduc-
R - D in./yr. |, tion
0.122 |____..____
0.0727 40.5
0.0471 61.5
0. 0035 97.1
0. 0253 79.2
0.0144 88,2
0. 0603 50.7
0.0139 88.6
0. 0030 97.5
0.0148 87.9
0. 0030 97.5
Do 0. 0062 94.9
Aniline chromate 25 0. 0091 92.5
" Do.__ 100 0.0073 94.0
Amineethylethanolamine chromate. 50 |. 0.0068 93.4
Diethanolamine chromate___._._..__ 25 0.0130 89.3
L SRR e 100 0, 0046 96. 2
Tri-ethylamine chromate. _._.._..__ 25 0.0078 93.6
- 100 0.0037 97.0

The data in the foregoing table have been
plotted in the single figure of the drawing to
illustrate more. clearly the advantages of the
present invention over that of the prior art.
From the data presented it is obvious that as
little as 10 parts per million of the cyelohexyl
amine chromate is as effective an inhibitor as
almost 300 parts per million of potassium- di-
chromate or between 500 and 600 parts per mil-
lion of cyclohexyl amine. This is particularly
significant since it is known that introduction of
too low a concentration of an inhibitor such as
potassium chromate will actually increase the
corrosion as shown by U, R. Evans in his ar-
ticle “Use of soluble inhibitors, fundamental
principles,” Industrial and Engmeermg Chemls-
try, 37:703, 1945, . .
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- 'The data further illustrate that the tertiary
amine, triethyl amine, when reacted with potas-
sium dichromate has this same synergistic in-
hibiting effect because a concentration of about
10 parts per million of this reaction product is as
effective as about 300 parts per million of chro-
mate or 600 to 700 parts per million of the amine.
Calculation- of the concentration of a mixture of
either of these amines and potassium chromate
that must be used to give at least as good in-
hibition as_ either one alone, would indicate the
use of a total concentration not significantly
lower than that of either compound in its purest
state. For-example, to reduce the penetration
to 0.03 inch per year, the data presented, which
are plofted in the drawing, would indicate the
necessity -of using a concentration of about 200
parts per million of potassium chromate or about
250 parts per million of triethylamine, or possi-
bly a mixture of about 100 parts per million of
potassium chromate and about 125 parts per mil-
lion of triefthylamine. Instead of this, a concen-
tration of less than 10 parts per million of the
reaction ' product prepared. in accordance with
the present invention-may be used. Thus, the
unexpected inhibiting properties of this reaction
product allow much lower concentrations of in-
hibitor to be used with the same or superior
effects to that obtamed with much higher con-
centratmns of- potassium chromate or amine
alone. A comparison of the inhibiting properties
of several of the amine chromates prepared in
accordance with this invention with that of po-
fassium chromate under the same conditions is
also given in the drawing,

Water was then saturated with carbon dioxide
at atmospheric pressure and room temperature of
85° F'. The pH of the saturated solution was 5.2.
Portions of the water were then tested for cor-
rosity to specimens of carbon steel, while other

portions had added to it potassium chromate, cy-
clohexylamine and the reaction product of cyclo-
hexylamine and potassium di-chromate in vary-
ing quantities using the circulating system pre-
viously described. The specimens of carbon steel

_ Were exposed to the corrosive action of the solu-
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tion of carbon dioxide for identical lengths of
time, withdrawn and weighed to defermine the
metal loss. The following table gives the con-
centration of the inhibitor in the carbon dioxide
solution, the corrosion rate measured in pene-
tration of the metal in inches per year and the
ber cent of reductlon as shown by the several
inhibitors.

TABLE II

Corrosion of carbon steel by water saturated with
carbon dioxide 1

. Corro-
3 Percent
Inhibitor Added Amount,| sion | podue-
p.p.m. | - rate, tion
: in.fyr.
None__....._. - - 0.210 | ...
Potassmm chromate 100 0.0178 9L 5
_____________ 500 0.0108 94.9
D ........... 1,000 0. 0064 96.9
Cyclohexylamine___._______ 1,000 0.080 62.0
Cyclohexylamine chromate________ 10 0.0115 94.5
Do 25 0. 0005 99.8

1 Saturated with earbon dioxide at atmospheric pressure and room
temperature (85° F.).  pH of saturated solution is 5.2.
. It will be immediately apparent from the fore-
going data that 100, 500 and 1000 p. p. m. of
potassium chromate added to the corrosive solii~
tion of carbon d10x1de resulted in reductlon -of
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corrosion” of 91:5%, 94.9% and 96.9%, respec-
tively, Tt will-also be-apparent that 1000 p. p. m.
of cyclohexylamine redices the ¢orrosion of the
carbon steel-by 62.0%. On the other hand, it
will bé quite apparent that the reaction product
of the present invention: in amounts of 10 and 25
p. P . reduced the” ¢orrosion by 94.5% and
99.8%, Whlch may- bé compared with the 500 and
1000-p.-p.- m, - of- potassivm chromate and 1000
P.p. MG cyclohexylamine. -

Water -Wwas- then saturated with hydroaen sul-
fide at atmospherw pressure and room tempera-
ture-of 85° F. The hydrogen sulfide saturated
water was then divided into'several portions for
testing-in the cireulating systemi préviously de-
scribed. - One- portion twas tested to determine its

corrosivity to- specimens: 6f - carbon stesl, while

another portion had added fo it 1000 p. p. m. of
potassium ‘chromate. “Two other portions had
added to them, respechvely, 100 and 500 p. p. m.
of the reaction product of cyclohekylamine ahd
potassium d1chromate Specimens of carbon
steel weéreé suspended -in the several portions of
the hydrogen sulfide saturated water and the cor-
rosivity of the sclutions determined to the speci-
mens of carbon steel suspended therein after a
speczﬁed length of -time. The amount of corro-
sion -was meastired by ‘weighing the specimens
after withdrawing them from the corrosive solu-
tion. -The results of these tests are given in Table
11, Whmh shows the amounb of the mh1b1tor
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of eyclohexylamine and potassium dichromate
a$ with 1000 p. p..m. of potassium chromate. -

Additional runs were then made -in which
specimens of Admiralty metal, which is a copper
bearing alloy having the following apnronlmate
composition:

29% zinc

T70% copper

1% tin

Plus a trace (about 03%) ot arsenic to pievent
dezineification,

was suspended in a 10% solution of ammonium
hydroxide and a 10% solution of sodium hy-
droxide in water. The corrosivity of the solu-
tions to the Admiralty metal without inhibitor
and with inhibitor was determined. In one in-
stance the inhibifor was potassium chromate and

in another instance it was the reaction product

20

of pyridine and potassium di-chromate. The ei-
fect of this inhibitor was compared with the in-
hibition effect of potassium chromate, “With re-
spect to the sodium hydroxide solution, -the cor-
rosivity of the soiution without an .inhibitor and
with the reaction preduet of cyclohexylamine and
potassuim dichromate was determined.

These results are given in Table IV in which
the amount of inhibitor added and corrosion rate
in penetration in inches per year and per ¢ent of
reduction due to the presence of the inhibitor are
given., '

TABLE IV
Corrosion of copper bearing alloys in alkaline
solutions
Corro-
s Percent
Metal Inhibitor Added e | Redue
Y A
nyr tion
........... Admnalty_- None 0.022 |ucooooooe
____________ 5,000 p. D. m. potassmm chromate...._|  0.009 59.0
v DoOavciiastisenieoslecesiaazes|oeoos do ....... 5,000 p. p. m. Pyridine____________._.. 0.011 50.0
R PR T S 5,000 p. p. m. Pyridine chromate..._.- 0.013 41.0
N 10% NaOH solutwn 2.2 --do one 0.0395 | oo
- O e i ihnmasieTEiTaiio|amans (G - 500 pt. p. m. Cyclohexylamine chro- 0. 0267 32.4
mate.

-1 gtatic solution in 8 beaker at room temperature (85° F.).
* 8 Teits made ih laboratory éifcilating System deseribed before.

added the corromon rate measu1ed in penetra~
tion in, mchES per year and the per cent of re-

ductlon
TABLE III

Cm rosion of car bon steel by water saturdated with
hydrogen sulfide !

Corro-
v S 3 Percent
Ishibitor Added Amount, - slon | pogye.
p. p.m. | rate, tion
in,/yr.
0.0835- . oo...
0.0100 88.0
0.0195 76.6
0. 0100 88.0

E-\‘,Satu.rated at atmosijheric pressure and r()om temperati.lre (85°

Tt will be seent from the data in Table III that
potassmm chromate in the amount of 1000 p. p. m.
reduced the corrosivity of the solution by 88.0%,
whereas the reaction product of cyclohexylamine
and potassium dichromate in amounts of 100 and
500" p. p. m. reduced the corrosivity of the solu-
tion by 76.6% and 88 0% respectively, the same
percentage of reductmn in corrosivity being ob= |
tained ‘with 500 p, pr m. of the reaction product
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Tt will be apparent from the dats in Table IV
that 5000 p. p. m, of potassium chromate reduces
the corrosivity to Admiralty metal by 59%, where~
a§ the same gquantity of pyridine redueces it by
50.0%. It will also be apparent that the resc-
tion product of pyridine and potassium dichro-~
mate reduees the corrosivity by only 41.0%, while
500 p. p. m. of the reaction product of ¢yclohexyl-
amine and potassium dichiromate reduces the cor-
rosivity of the sodium hydroxide solution to Ad-
miralty metal by 32.4%:

The corrosivity of acid solutions o specimens
of carbon steel was then determined. The &eid
solutions were solutions of hydrochloric acid, sul-
furic and acetic acids. A 10% hydrochloric soli-
tion had added to it pobassium chromate, pyridine
aind the reaction product of pyridine and potas-
sium dichromate. A 40% sulfuric acid sclution
had added to it potassium ehromate, pyridine and
the reaction product of pyridine and potassium
dichiomate while a 10% acetic acid solution had
added to- it the reaction product of cyelohexyl-
amine and potassinth dichromate. The speci:
mens of carbon steel were suspended in the various
acidic solutions ab room temperature of 85° F.
under static conditions. After exposing the speci-
mens to the corrosive solution for various lengths
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of time, the specimens were withdrawn and
weighed fo determine the loss in metal. Table V,
which follows, shows the inhibitor and amount
added, corrosion rate in inches of penetration per
year and the per cent reduction, if any, due to the
various inhibitors. : :

TABLE V

10
reaction product of the amine and the salt with
the ferrous metal surface. The characteristics
and behavior of ferrous metals treated in accord-
ance with the present invention in which they are
contacted with an aqueous solution containing
oxygen or carbon dioxide to which has been added

‘ Corrosz‘dn‘ of carbon steel by acid solutions

Solution Inhibitor Added

109 ECl Solution 1____.____......
Do.

5,000 p. p. m. KzC_rz_07
Do..

5,000 p. p. m. Pyridine

5,000 p.. p. m. KerzQ7 _____
5,000 p. p. m. Pyridine

0 e

10% ].;;cetic Acid 8ol | None_

5,000 Pyridine Chromate.._______.____.._.

L0 UG I,

1,000 p. p. m. Cyclohexylamine Chromate.

Corrosion| Percent
rate, in./| Redue-
II. tion
0.215 | oo
0.374 2740
0.152 29.4
0.357 266.0
1845 ool
4.52 1145.0
2.52 237.0
, 54 3146.0
0.412 | ..
0.221 46.3

1 Static solution in a beaker at room temperature (85° F.).
2 Increased.

It will be seen from the data in Table V that
both potassium dichromate and the reaction
product of potassium dichromate and pyridine
actually increased the corrosivity of hydrochloric
acid to the specimens of carbon steel, while some
reduction in corrosion was obtained with pyridine.
Similarly, it may be seen that the potassium di-
chromate and the reaction product thereof with
pyridine all increased the corrosivity of the 40%
sulfuric acid solution to carbon steel, while the
reaction product of cyclohexylamine and potas-
sium dichromate in an amount of 1000 p. p. m. re-
duced the corrosivity of 10% acetic acid solution
to carbon steel by 45.3%.

The present invention is susceptible to applica-
tion to inhibition of any type of ferrous metal
surfaces in contact with a corrosive sclution con-
taining oxygen, hydrogen sulfide or carbon di-
oxide. For example, in many industrial plants,
including petroleum refineries, it is frequently
necessary to use water in contact with various
metallic equipment such as condensers, condenser
boxes, heat exchangers and the like. Since this
water contains oxygen, it is frequently very cor-
rosive, resulting in loss to both equipment and
operating efficiency.

The invention is also applicable to the storage
and transportation of petroleum and its prod-
ucts, since entrained water setfles out in pipe
lines and tanks and this water containing oxygen,
carbon dioxide, and/or hydrogen sulfide is usually
the cause of corrosion of pipe lines with the
attendant economic loss requiring shutdown of
equipment and replacement thereof. If is, there-~
fore, considered that the present invention has
wide application to any operation in which fer-
rous metal alloys are exposed to the corrosive
action of aqueous solutions containing oxygen,
hydrogen sulfide and/or carbon dioxide.

The invention may also be applicable to the
prevention of corrosion of steel tubing, well head
equipment, and product lines experienced in some
gas condensate wells producing sweet gas or con-
densate fluids by contact with connate water or
entrained water which contains carbon dioxide
and organic acids as the corrosive media.

The mechanism by which the reaction product
of an acid chromium salt and an amine is effec-
tive in preventing corrosion of ferrous metals is
not fully understood, but it is believed that the
protection is based on an extremely thin, self-
healing film formed by the interaction of the
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the reaction product of an amine and acid chro-
mium salt bears a striking resemblance to the
resistance of the ferrous alloy stainless steel to
corrosion. It is believed that the activity of the
iron surface may be passivated by the reaction
product of the amine and the acid salt. In other
words, the iron becomes more noble than prior
to treatment and less susceptible to attack be-
cause the positive electrochemical potential of
the iron surface is reduced. It is understood, of
course, that I do not wish to bind myself to any
theory offered as explanation of the beneficial
effects of this invention.

‘While numerous examples of amines have been
given, it is to be understood that I do not wish
to limit myself thereto and that any primary,
secondary, or tertiary amine may be used in re-
action with any compound selected from the
group of chromic acids, salts of polychromic acids,
or acid chromium salts. Examples of some other
brimary amines that may be used with the pres-
ent invention are butylamine, methylamine, pro-
bylamine, benzylamine, ethanolamine, and iso-
amylamine. Other secondary amines that may
be used with the present invention are dibutyl-
amine, dimethylamine, diphenylamine, methyl-
ethanolamine, dimethanolamine, and dipropyl-
amine. Additional tertiary amines that may be
used with the present invention are tributyl-
amine, trimethylamine, triethanolamine, methyl-
di-ethylamine, and tripropylamine. Complex or
mixed amines may also be used with the present
invention. Some examples of these other than
the aminoethylethanoclamine used herein are mel-
amine, diazine, and triazine (either the sym-
metrical or unsymmetrical isomers).

Also it is to be understood that while I have
confined my description and examples to the
alkali metal dichromates, such as illustrated by
potassium dichromate, the other alkali metal
dichromates such as the lithium and sodium
dichromates may be used in lieu thereof although
the potassium di-chromate forms a preferred
reactant in the practice of my invention. I is
also to be understood that while potassium di-
chromate has been employed as an illustration
thereof, other salts may be used, such as for
example lithium and sodium dichromates and
other chromium salts may be used in lieu of
potassium dichromate.

The nature and objects of the present invention
having been fully described and illustrated, what
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I wish:to.claim. as new and.useful.and.to.seeurs.
by Letters.Patent.is: -

1..A method for.inhibiting. thé. corrosivity -of-
agueous -solutions containing..corrosive amounts.
of.a .corrosive material.selected. from the. class.
consisting. of  oxygen, hydrogen -sulfide, .carbon.
dioxide, and their mixtures in contact with a fer-
rous metal surface which comprises adding to
said corrosive solution a small but effective.
amount of the reaction product resulting when
an only partially saturated agueous. solution of
an acidic chromium salt having.a pH:iless:than
7 has added thereto an amine selected from the

group consisting of primary, secondary, tertiary
and mixed amines at a temperature within the -

range of 60° to 100° F., the amine and the solu-

tion -of acidic chromium salt being employed: in -

amounts sufficient to provide equimolar amounts .

of amine and acidic chromium:.salt to-:form- a -
homogeneous solution of said reactioir product. .

2. A method for inhibiting the corrosivity -of -~
aqueous solutions containing corrosive -amounts -

of a corrosive material selected from the class
consisting of oxygen, hydrogen sulfide, carbon

dioxide, .and their mixtures .in-contact. with.a .

feirous metal surface which .comprises adding. o

said.corrosive. solution priot to'contact with said..

fefrous metal surface an amount of fhe reaction.
product resulting when an only. partially. satu-:
rated aqueous solution consisting of. an-acidic.

chromium salt having a pHless.than. 7 has added .

thereto an amine selected from. thé.group..con-:
sisting of primary, secondary, tertiary. and.-mixed.
amines. at . a temperature within the.range of

60° to.100°" F. the amine-and the- solution. of.3

acidic.chromium salt being: employed. in amounts-
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sufficient to provide.equimolar.amounts of amine.
and.acidic chromium salt.to form a homogeneous
solution of. said reaction product in .the range
from.5 to 500 parts per.million of said corrosive
solution..

3. A method for inhibiting the corrosivity of
aqueous solutions containing corrosive amounts
of a corrosive material selected from the class
consisting. of. .oxygen,. hydrogen sulfide, carbon
dioxide, and their mixtures in contact with a
ferrous metal surface which comprises adding to
said.corrosive solution an amount of the reaction
product resulting when an only partially satu-
rated agqueous solution-of potassium-dichromate
has added -thereto-an-amine selected from the
group consisting of: primary, secondary, tertiary
and mixed amines: at-a temperature within the
range of 60° t0-100%.F. the amine and the solu-
tion of. potassium:dichromate being employed in
amounts sufficient to provide equimolar amounts
of -amine-and potassiuin dichromate to -form a
homogeneous -solution-of -said- reaction product
in the range between 5 and-500 parts per million
of said corrosive solution.

PRENTISS S. VILES.
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