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This invention relates to a method of reducing 
the corrosion of ferrous metals used in coniunc 
tion with oil drilling and storing apparatus, as 
for example, the ferrous metals used within the 
well and those used for storing crude oil. More 
precisely, the invention embodies a method of in 
hibiting the corrosion of ferrous equipment used 
in the handling of brine solutions which may be 
saturated with air. 

It has been found in oil well operations that 
various constituents of the oil and accompany 
ing water can cause serious corrosion of the 
equipment. One source of corrosion is the brine 
air system found in some salt water disposal wells. 
Inasmuch as the occurrence of the brine is some 
thing which cannot be controlled, it is accepted 
in the system, and various means are taken to re 
duce-or counteract the rate of corrosion. The 
simplest technique appears to be the adoption of 
an inhibitor which is su?lciently cheap to be )0 
added to the corrosive system in quantities large 
enough to maintain an inhibiting concentration. 

Accordingly, it is a fundamental object of this 
invention to provide a method of preventing the 
corrosion which takes place when brine contain 
ing dissolved oxygen contacts ferrous equipment. 
A second object of the invention is to provide a 

method of preventing the corrosion of equipment 
which contacts brine solutions in the storage of 
oil, the system then comprising the metal, brine 
and oxygen. 
Other objects and advantages of the invention 

will in part be obvious and in part appear here 
inafter. 
The invention, accordingly, comprises a process 

involving protecting iron or ferrous equipment 
against corrosion by the addition to the brine so 
lution coming in contact therewith of certain 
small amounts of salts of alkyl dithiocarbam 
ates, as typified by the sodium salts of the ethyl. 
methyl and propyl dithiocarbamates, which proc 
ess includes the several steps to be described and 
the relationship of one or more of such steps to 
the other to be exemplified in the method herein 
after described and defined in the claims. I have 
found that the incorporation of the alkali metal 
salts of these lower alkyl dithiocarbamates, such 
as sodium, potassium and lithium salts of the 
dimethyl, diethyl and dipropyl dithiocarbamates. 
and their mixtures, into brines containing rela 
tively large amounts of salt and other corrosive 
materials as they occur in an oil well, prevent 
corrosion of ferrous equipment by the brine, when 
it contains dissolved air and when it is contacted 
with the said ferrous equipment. 
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2 
The type of brine which will occur in the re 

covery of oils usually contains a number of salts. 
including sodium, calcium, and magnesium chlo 
rides, as well as a proportion of carbonate or bi 
carbonate of sodium. 
The use of various inhibitors, such as inorganic 

salts and organic compounds, in a variety of sys 
terns has been disclosed in the prior art. Typical 
among the processes involved in the use of var 
ious inorganic salts, are those disclosed in the 
following United States Patents: 2,297,666, of 
September 29, 1942, Aaron Wachter, Sodium Ni 
trite in Oil Pipe Lines; 2,153,952, of April 11,1939. 
Alfred L. Bayes, Sodium Nitrate in Anti-Freeze 
Solutions; 2,135,160, of November 1, 1938. Her 
man Beekhuis, Sodium Dichromate in Ammo 
nium Nitrate Systems. 
Thus, these various publications emphasize that 

the inhibition of corrosion is an empirical phe 
nomenon and particular situations create their 
own corrosion problems, which require specific 
solutions. Although a given corrosion inhibitor 
may be known to be useful in a certain environ 
ment, injection of that inhibitor into what may 
appear to be an analogous situation will fre 
quently be unsound. 
The applicability of the instant invention to 

the inhibition of corrosion of ferrous materials 
by brine solutions containing various extraneous 
compounds will be better understood by refer 
ence to the following example and those sum— 
marized in the table: 
Example.--The experimental procedure de 

scribed in connection with the instant example 
was followed in a number of tests so that the 
manipulation of the several inhibitors in evalu 
ating their effect would not be present as a vari 
able. An aqueous brine having the following 
composition and containing the metals as chlo 
rides was used. 

Parts per million 
Na __________________________________ __ I70,000 

Ca __________________________________ __ 24.000 

Mg _________________________________ __ 4,000 

HCO: _______________________________ __ 200 

The pH of this brine, which is the composi 
tion characteristic of some Michigan oil fields. 
was adjusted to 610.1 unit with hydrochloric 
acid, and the brine saturated with air. To a 
one quart jar fitted with a rubber stopper and 
several air vents, 800 milliliters of this brine was 
added. The steel sample immersed in the brine 
was a 3% inch length of cold-rolled ya x 1/2 inch 
strip, which had been carefully cleaned prior to 
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immersion by degreasing, pickling and washing 
in alcohol and water. The sample thus prepared 
was polished with steel wool to give it a smooth 
mirror-like ?nish. A test strip of this steel was 
suspended on a glass hook which passed through ' 
a small hole at one-end of the test piece; It was 
found that static and gently aerated solutions 
gave about the same rate of corrosion so that 
tests were subsequently made on static solutions. 

, To minimize the stirring effect of thermal cur 
rents and to give a reproducible temperature, the 
jars were maintained at about 80° F.-I_-1.0° F.. 
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by immersion in a thermostatically controlled ~ 
water bath. , _ . . 

The inhibitor to be evaluated was added before 
the immersion of the test strip. After ' seven 
days, the strip was removed from the brine, 
washed, dried and weighed. The results carried 
out in this manner are presented in the following 
table: ' 

TABLE 

Corrosion of Steel in Aerated Brine 
[Seven-day tests.] 

~ Weight loss, 
mg./5.05 Inhibitor (0.1% by wt.) I 
sq. m. 

Sodium dichromate ___________ __ 

Sodium nitrite __________________ .. 

‘Benzyl diethyl dithiocarbamste... Sodium dieth ldithiocarbamata. ..__ 
Ethyl dibuty dithiocarbamate ____________________ .. 
Nickel diethyl dithiocarbamate .................... __ 

Sodium diethyl dithiocarbamate .......... ._'_ ______ __ { 

Sodium diethyl dithiocarbamate ___________________ _. 

Sulfur (?owers) ____________ . _ 

2 Mermptobenzothiazole _ . _ _ . 

Dim-butylthiourea I ____________ . _ 

l 0.01% by wt. Dim-butylthiourea and 0.01% Aerosol MA added to 
brine. ' 

It will be seen from the results reported that 
most corrosion inhibitors and particularly some 
of them which have been used in systems similar 
to that described, have substantially no effect on 
the rate of corrosion, as indicated by their failure 
to inhibit corrosion to a noticeable extent. From 
considerations of the solubility and the conven- - 
ience in maintaining an effective, economic con 
centration in solution, the alkali metal salts, such 
as sodium, potassium and lithium, of the ethyl, 
methyl and propyl dithiocarbamates are most 
useful as inhibitors. 
A brief analysis of the results summarized in 

the table shows that a brine solution in contact 
with steel can be expected to establish a corro 
sion rate when expressed in terms of a weight 
loss in a seven-day period of about 15 milligrams 
for 5 square inches of area.- An effective inhib 
itor, therefore, within‘ the limits of experimental 
determination which are about 1 or 2 milligrams, 
ought to reduce the corrosion rate so that it shows 
at most as about 1 to 4 milligrams per 5 square 
inches (or about 1 milligram per square inch). 
Results reported indicate quite clearly that sodi 
um dichromate, a well-known inhibitor fre 
quently used in oil wells, has little or no effect 
on the’corrosion rate under the conditions used 
in these tests. Sodium nitrite, another well 
known inhibitor for hydrocarbon and brine sys 
tems, appears to accelerate the corrosion rate by 
a factor of almost three. 
Di-normal butylthiourea, a pickling inhibitor, 

is not soluble in brine to the extent of 0.01% by 
weight. In the test listed in the table the di 
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normal butylthiourea was used in conjunction 
with a wetting agent, Aerosol MA, which is com 
mon practice with slightly soluble pickling in 
hibitors. As shown in the table, the di-normal 
butylthiourea was not effective in preventing cor 
rosion of steel by brine. 
The comparison of the sodium diethyl dithio 

carbamate with other thiocarbamates in the table 
points out in sharp contrast its unique effective 
ness as a corrosion inhibitor in the system de 
fined. The sodium diethyl dithiocarbamate re 
duces the corrosion rate by a factor of about 5 
and even the most closely related compounds do 
not appear to approach it in effectiveness. For 
example, ethyl dibutyl, benzyl diethyl and nickel 
diethyl dithiocarbamate are of no effectiveness in 
the system. ' 

The amounts to be used for improving the 
effectiveness of the inhibitor can be above the 
0.1 per cent shown in the table, but as a practical 
aspect of controlling corrosion, it is inadvisable 
to use an inhibitor in greater concentrations, for 
where the volumes of the solution to which the 
inhibitor is added are large, the-cost of the in 
hibitor can become prohibitive and approach in 
cost the loss caused by uninhibited corrosion. I 
have found that useful inhibition is obtained with 
amounts of dithiocarbamates in the range from 
0.001 to about 3 per cent. Similarly, any in 
hibitor which does not reduce the rate of corro 
sion by at least one-half is hardly worth using 
in the solution. 
While I do not wish to be bound by the parti 

cular theory, it appears that brines having a high 
chloride content, such as characteristic oil field 
brines, are always corrosive to iron and steel and 
particularly in the presence of dissolved oxygen. 
The corrosion encountered with brine in the pres 
ence of chloride ions is severe because they have 
a deleterious effect on passive films which are 
formed on iron and steel surfaces. Also, the high 
electrical conductivity of the brine solution favors 
the formation of galvanic cells wherever small 
surface heterogeneities exist, and where dissolved 
oxygen is available, the corrosion will always con 
tinue at a more severe rate. I 

Having described my invention, it is to be un 
derstood that the examples and data given here 
with are to be interpreted as illustrative of the 
scope and not as limitations thereof. 
What is claimed is: 
l. The method of protecting ferrous metal sur 

faces against corrosion by brine containing dis 
solved oxygen comprising, adding to said. brine 
as an inhibitor water soluble alkali metal. dithio 
carbamates selected from the group consisting of 
methyl, ethyl, and propyl substituted dithiocar 
bamates in amount su?lcient to effect a material 
reduction in the corrosiveness of said brine on 
the‘ metal surface. ' 

2. The method in accordance with claim 1 in 
which about 0.001 to about 3 per cent of the cor 
rosion inhibitor is added to the brine. ~ 

3. The method in accordance with claim 2 in 
which the corrosion inhibitor is a diethyl dithio 
carbamate. ‘\ 

4. The method in accordance with claim 2 in . 
' which the corrosion inhibitor is a dipropyl ditlrio 

70 
carbamate. 

5. The method in accordance with claim 2 in 
which the corrosion inhibitor is a dimethyl 
dithiocarbamate. 

6. In the production from subterranean-pro 
ducing formations of a ?uid mixture comprising 
brine containing dissolved oxygen a method for 
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inhibiting the corrosive e?ects 01‘ said oxygen 
containing brine on ferrous metals including the 
addition of a corrosion inhibiting amount of an 
alkali metal salt of a N-dialkyl substituted dithio 
carbamate to the fluid mixture, said alkyl sub 
stituent being selected from the group consisting 
of methyl, ethyl and propyl. 

7. A method in accordance with claim 6 in 
which the dithiocarbamate is sodium diethyl 
dithiocarbamate. _ 

' GLENN A. MARSH. 
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