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-~ -The»present invention is directed to a method 
for‘fjinhibiting‘ the corrosiveness to corrodible 
j'net-al’ surfaces of corrosive subsurface ?uids 
containing carbon dioxide. More particularly, 
the invention relates to a method for inhibiting 
the’ corrosivity of corrosive well ?uids contain 
ing carbon dioxide to corrodible ferrous metal 
‘conduits and attendant equipment through 
which the ?uids are ?owed and processed. 

In? many oil ?elds and gas-condensate ?elds, 
the production of ?uids from subsurface forma 
tions is accompanied by extremely severe cor‘ 
rosion "of the conduits and attendant equip 
,ment which is contacted by the ?uid mixture 
being produced. In many cases it is found that 
the?uid mixture is acidic in nature and con 
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tains substantial amounts of carbon dioxide, 9.‘ - 
portion of which dissolves in water or brine pres 
rent‘in the fluids to form carbonic acid. These 
‘?uids, including the carbon dioxide, originate 
in the subsurface formations. In ‘some cases 
:the corrosion occurs throughout the conduits 
andattendant equipment through which the 
?uids are ?owed and processed while in other 
cases the corrosion is limited primarily to rather 
restricted areas of the conduit and is often par 
:ticularly severe in that portion of the conduit 
adjacent the well head. If corrosion, whether’ 
intensive or extensive, is permitted to continue 
unabated, the conduit and attendant equipment ‘ ' 
vwill become sufficiently damaged to require re 
placement. Not only is the actual costof such 
replacement high, but other factors may be in 
volved which further increase costs. For ex 
ample, it‘ may be necessary to kill a high pres-i 
sure well in order to make the necessary re 
placements. Furthermore; while replacements 
andrepairs are being. made, there is a loss in? 
revenues due to having the well off production; 
Even of more importancerthan the Jhighcosts 
incurred as a result of corrosion is the danger 
that a well will ?ow wild as a result of the fail 
‘ure of the conduit or equipment due to cor 
rosion.‘ Such a result may be catastrophic. I I ' 

It ‘is therefore the main object of" the pres 
ent‘ invention to provide a method wherebythe 
acorrosivity of corrosive well ?uids containing" 
carbon dioxide is substantially eliminated or in 
hibited' in'the conduits, and attendant equip; 
.ment through-which the ?uids fromlsubsurface 
‘formations are flowed and processedf I v 

In accordance with the present invention the 
corrosivity to corrodible ferrous metal surfaces 
bycorrosive well ?uids including moisture and‘ 
carbon dioxide is eliminated or substantially re-' ’ 
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duced by incorporating in the corrosive ?uids 
a corrosion inhibiting amount of fatty deriva 
tives of polyethylene glycols. The lower molec-‘‘ 
ular weight polyethylene glycols do not yield 
fatty’derivatives which have practical effective 
ness in inhibiting corrosion of ferrous metal 
surfaces by well fluids containing moisture and 
carbon dioxide. 
tives ‘of mono-, di-, tri-ethylene glycols are 
either completelyine?‘ective or must be used in 
prohibitive quantities to effect substantial in 
hibition. The most generally suitable and pow 
erful fatty derivatives of polyethylene glycols are 
derived from polyethylene glycols. of the type 
formula (OC2Hé)x(CH2OH)z in which C desig 
nates carbon,‘ H designates hydrogen, 0 desi'ge-i 
hates oxygen, and X’ has al'value of from 3~to' 
30. It is preferred to employ a polyethylene 
glycolin which the value of X in the foregoing’ 
formula is in the range of 6 to 15. 'The (OC2H4) 
group in the foregoing formula will hereinafter 
be designated by' the- term "ethanoxy” group.‘ 
Fatty derivatives prepared from nonaethylene' 
glycol, for example,» are particularly effective. 
Other» polyethylene glycols which may be men; 
tioned by way of example include: tetraethylene‘ 
glycol, pentaethylene glycol, hexaethylene glycol, 
heptaethylene glycol, octaethylene glycol, de 
caethylene glycol, dodecaethylene glycol, tri 
deca'ethylene glycol, pentadecaethylene glycol, 

‘The fatty material employed to produce the 
fat‘ty derivatives of polyethylene glycol may be 
selected from the class of fatty acids and fatty 
oils.v 
per molecule » such as palmitoleic, oleic, ricin 
oleic, linoleic, linolenic, licanic, arachidonic,‘ 
clupanodonic, lauric, my'ristic, arachidic, stearic, 
palmitic, etc. and fattyoils from which such‘ 
acids can be derived may be reacted with the 
polyethylene glycols to produce the desired cor 
rosion inhibiting agents. Especially effective 
agents are obtained by reacting the polyethy-_ 

. lenef glycols with such fatty oils as linseed oil, 
cottonseed oil, tung oil, oiticica oil, China-wood 
oil, castor oil, menhaden oil, and the like, or mix 
tures thereof. Likewise, mixtures of polyethy-j 
lene glycolsmay be employed. In any event, 
the ‘fatty material selectedais reacted with the 
polyethylene glycol selected at a temperature 
in the range of from 300? to 550° F. for a time 
in therange of from 1 to 5 hours in the presence 
of a small amount of an alkalinereacting cata 
lyst such as an alkali hydroxide or carbonate 
or mixtures thereof. The fatty derivatives ‘of 

For example, the fatty deriva-L 

Acids having from '12 to 26 carbon atoms‘ 
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polyethylene glycols prepared in the foregoing 
manner are soluble in many aromatic solvents 
and, to a more limited extent, in petroleum sol 
vents such as heavy naphtha or kerosene. 
The polyethyleneelyools which areemployed 

in the preparation, of‘the-fattyderivatives of the 
present invention are readily available. They 
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may be made, for example, by reacting ethylene . 
oxide with water, the formation of polyethylene 
glycols being favored by maintaining the m'olal ' 
ratio of ethylene oxide to water in excess of l 
The degree of polymerization isfurther deter.- a . 
mined by the reaction conditions maintained. ' 
Polyethylene glycols having molecular ,weights > .. 
excess of 1500 are commercially available .‘as well - 
as polyethylene glycols having lower molecular 
weights. For use in the preparation of the fatty ' 
derivatives employed in accordance with‘ the 
present invention, it is not necessary that the 
polyethylene glycols be separated into close frac 
tionsof narrow molecular weight limits; on the 
contrary, fractions including a large number ,of 
polymers of different molecular weights may be 
employed- - ,. - , 

V'When fatty derivatives oft/the present inven 
tion .are prepared». fromafatty oil, it is prefer 
able that the fatty oil be present in the initial 
reaction mixture in a Weight ratioof from about 
lgzltoabout 3:l_ as ,compared‘to the polyethylene 
glycol. >When the fatty derivative is prepared 
froma fatty acid, the ,fatty acid should bepres 
ent in the initial reaction mixture in aweight 
ratio of from about 0.521 to about 2:1 as'com 
pared to the polyethylene-glycol. Only a small 
amount of the alkaline reaction catalyst need be 
present, and ordinarily ‘3 weight per cent or less 
of; the catalyst based on the Weight-of the reac 
tion mixture is necessary. Forexample, acon 
centration of about 1% by weight of sodium 
hydroxide based upon .the weight of the reactants 
has been found su?icient to promote the reac-. 
tion.- On the other hand, as little as about0r5 
weight per cent of sodium hydroxide based; on 
the Weight of the reactants has beenfound suffi 
cientwhen from about 0.5 weight .per cent tov 
about '2 weight per cent of sodium carbonate is 
utilized as a co-catalyst. Inanother instance 
0.05 weight per cent of sodium hydroxide gave 
good results. ,_~ . - -, -¢ 

The amount of fattyderivatives of the pres. 
ent invention employed to inhibit the corrosion 
of ferrous metal surfaces by gas-condensatevwell 
fluid mixtures including moisture'and carbon 
dioxide may be varied over a relatively wide-range 
although it has been found that amounts within 
the ,-range of 0.005 per cent to 0.1 per cent by 
volume of vthe ?uid mixture gives satisfactory 
results. Ordinarily, however, an amount within 
the range of 0.005 to 0.01 per cent by volume will 
give satisfactory inhibition._ _‘ 
Inasmuchas-the fatty derivatives of the pres 

ent- invention are soluble in certain solvents, 
examples of which have been heretofore men?‘ 
tioned, it may be found convenient to dissolve 
the fatty derivative in a suitable solvent before 
introducing it into the corrosive ?uid mixture. 
When it is desired to protect from corrosion the 
conduit in the borehole, as well as the attendant 
equipment, the fatty derivative or a solution 
thereof. may be injected into the borehole adja 
cent the subsurface formation from which. the 
corrosive fluid, including carbon dioxide‘is ‘pro. 
duced. Alternatively, the fatty derivativemay 
be‘ introduced directly into the conduit, _A still 
iui‘ther method of introducing the fatty. deriva 

tive into the ?uids produced from the subsur 
face formation involves introducing the fatty 
derivative or a solution thereof into the annular 
space between the casing and the tubing. 
Another method of introducing, the fatty deriva 
tiveji'nto the subsurface vfluid consists of‘inject 
ing the fatty derivative or a solution thereof into 

_~t_l_1e subsurface reservoir through an adjacent 
Well. 
f‘emlployed in introducing the fatty derivative into 
‘the fluids in the well, the fatty derivative sup 
presses the corrosivity of the ?uids, thereby elim 

, inating. or reducing damage to the conduit, 

Irrespective of the particular procedure 

through'which :the‘ fluids are produced and to 
attendantequipment through which the fluids 
are ?owed. 
“In order to determine the effectiveness of the 

‘v fatty derivatives of polyethylene glycol employed 
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in accordance with the present invention, a 
derivative was prepared by reacting Chinese tung 
oil and. nonaethylone elycol- This derivative 
was prepared in the following manner; 60 grams‘ 
of Chinese tung oil, ‘10 grams of nonaethylene 
glycol, and ‘0.5 gram of sodium carbonate were 

heated together at a temperature of 500%550" for 2 hours. The reaction product thus formed 

wasadded to a 50:;50 ‘mixture. of ,condensa-teand 
waterobtainod from a Well located in the-eas-~ 
condensate ?eld at Katy. Texaa'the .reaot'on 
product boingadded to the fluid mixture; into 
concentrationof 0.01 percent by volume. ‘100 
ccof the foregoing mixture was placed in eachv 
of two glass. tubes and a mild .stéel ooupon:,sus.-. 
pended therein, vThe fluid mixture inthe tube 
was then saturated with carbon dioxide and the 
tube sealed. o?- The coupon was immersed in 
the fluidmixturo 31 times'per minutofor 1&1 days 
Three other glass tubes containing 100 cc. of the 
brine-condensatemixture containing no inhibitor 
were similarly tested as a control- The results 
obtained are shown in the table below: > w 

' ' ' ‘Table ' > > 

, Corrlolsignl gate 01! (igélpona. ‘ P - ea oss n. r.' ' ercent 

' A B 0 Average ' 

None ........... _. 0.0055 0.0049 0.0058 0.0054 ......... 0.01 Vol. Percent_,, 0.0003 0.0004 -.o.0094 - 7-95 

“It will be noted that the .corrosivity. of the 
aforementioned Well fluid to corrodible ferrous 
metal was substantially eliminated by the addi-‘ 
tion of a very small amount of the reaction ‘prod: 
uct, of tung oil and nonaethylene glycol. 
The objects and advantages of the present 

invention having been fully’ described and illus-J 
trated, what We wish to claim as new and. useful 
and to secure by Letters Patent is :. 

l. A method for reducing the corrosiveness 
to‘corrodible ferrous metal ofa corrosive well 
?uid including moisture and carbon dioxide which 
comprises introducing into said ?uid acorrosion 
inhibiting amount of a reaction product obtained 
by reacting a fatty material selected from the 
group consisting of fatty acids having atleast 
12 and no more than 26 carbon atoms per-mole. 
cule and fatty oils containing’ fatty acid radicals 
having no less than l2and no more than 25 
carbon atoms with a polyethylene. glycol con; 
taining at least 3 and no more than 30 'ethanoxy 
groups in the presence .of an alkaline reacting 
catalyst selected from. the group consisting of 
alkali metal hydroxide- and alkali metal carbon. 
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for a period of time in the range of 1 to 5 hours 
at a temperature in the range of 300° to 550° 
F., the weight ratio of fatty material to poly 
ethylene glycol being in the range of 1:1 to 
about 3:1. - 

2. A method in accordance with claim 1 in 
which the reaction product is added to the cor 
rosive ?uid in an amount in the range of 0.005 
to 0.1 per cent by volume of the ?uid. 

3. A method for reducing the corrosiveness 
to corrodible ferrous metal of a corrosive petro 
liferous well ?uid including moisture and carbon 
dioxide which comprises introducing into said 
?uid a corrosion inhibiting amount in the range 
of 0.005 to 0.1 per cent by volume of the ?uid 
of a reaction product obtained by reacting tung 
oil with nonaethylene glycol in the presence of 
an alkaline reacting catalyst selected from the 
group consisting of alkali metal hydroxide and 
alkali metal carbon for a period of time in the 
range of 1 to 5 hours at a temperature in the 
range of 300° to 550° F., the weight ratio of tung 
oil to nonaethylene glycol being in the range of 
1:1 to about 3:1. 

4. A method for reducing the corrosiveness 
to corrodible ferrous metal of a corrosive petro 
liferous well ?uid including moisture and carbon 
dioxide which comprises introducing into said 
?uid a corrosion inhibiting amount in the range 
of 0.005% to 0.1% by volume of the ?uid of a 
fatty derivative obtained by reacting cottonseed 
oil with nonaethylene glycol in the presence of 
an alkaline reaction catalyst selected from the 
group consisting of alkali metal hydroxide and 
alkali metal carbonate for a period of time in 
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the range of l to 5 hours at a temperature in 
the range of 300° to 550° F., the weight ratio of 
cottonseed oil to nonaethylene glycol being in 
the range of 1: 1 to about 3:1. 

5. A method for reducing the corrosiveness to 
corrodible ferrous metal of a corrosive petrolifer 
ous Well ?uid including moisture and carbon di 
oxide which comprises introducing into said ?uid 
a corrosion inhibiting amount in the range of 
0.005 to 0.1 per cent by volume of the ?uid of 
a fatty derivative obtained by reacting oiticica oil 
with nonaethylene glycol in the presence of 
an alkaline reacting catalyst selected from the 
group consisting of alkali metal hydroxide and 
alkali metal carbon for a period of time in the 
range of 1 to 5 hours at a temperature in the 7 
range of 300° to 550° F., the Weight ratio of oiticica 
oil to nonaethylene glycol being in the range of 
1:1 to about 3:1. 

’ JOSEPH A. CALDWELL. 
MELBA L. LYTLE. 
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