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This invention relates to corrosion inhibiting 
Compositions for use in acid baths employed in 
metal treatment, particularly for iron and steel. 
The invention also relates to the acid baths en 
ployed for such treatment, containing the cor 
rosion inhibitors of the invention, and to metal 
treatment processes employing the same. 

Metal pickling involves treatment of a metal 
such as iron or steel with a strong acid bath to 
remove surface inpurities such as oxide Scale 
formed thereon in the course of manufacture. 
Since the strong acids employed are capable of 
attacking the metal itself, it is advantageous to 
add to the bath a corrosion inhibitor which en 
hances the selective action of the acid on the 
surface impurities, and substantially reduces or 
prevents attack of the metal by the acid. 
Another field of metal treatment employing 

strong aqueous acids is in "acidizing' treatment 
of oil Wells. 
introduced into the oil well to increase the flow 
of oil by attacking the underground porous rock 
formations containing the oil. Since the acid 
solutions come in contact with metal equipment 
of the well, it is advantageous to incorporate a 
corrosion inhibitor in the acid Solution to pre 
vent excessive damage of the metal equipment. 
Another problem arising in acidizing treatment 
of oil wells lies in the resolution or inhibition 
of oil-in-water emulsions which normally tend to 
form during and as a result of the acidizing treat 
ment. For this purpose, numerous Surface 
active agents have been suggested for incorpora." 
tion in the well treating fluid. For example, it 
has been suggested in USP 2,233,383 to employ 
water-soluble non-ionic surface-active polyglycol 
ethers, prepared by reaction of ethylene oxide on 
a water-insoluble acyclic alcohol, as an emulsion 
breaker in the acidizing of oil wells. As indicated 
in this patent, prevention of corrosion of the 
metal equipment by the acids employed calls for 
the additional use of a corrosion inhibitor. 

Higher primary aliphatic and alicyclic amines, 
especially monoamines, which are at most slight 
ly soluble in water, and particularly those con 
taining 12 to 20 carbon atoms, have Some corro 
sion inhibiting action in acid solutions, but are 
generally only partially effective to prevent Sub 
stantial corrosion when employed in the low con 
centrations (of the order of 0.01 to 0.20%) in 
which they can be incorporated in acid solutions 
with satisfactory economy and without Substan 
tial separation of Solids. *. 
We have discovered that mixtures of higher 

primary aliphatic or alicyclic amines with water 
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Soluble non-ionic emulsifying agents of the type 
Containing a polyalkylene glycol ether radical of 
at least 4 oxyalkylene radicals, attached by an 
ether or carboxy ester linkage to a higher 
aliphatic, allicyclic or alkylated aromatic hydro 
carbon radical of at least 12 (e.g. 12 to 24 carbon 
atoms), and wherein the weight ratio of said 
amine to Said emulsifying agent is substantially 
Within the range 1:9 to 1:1, and preferably about 
1:3, are highly effective corrosion inhibitors for 
ferrous metals such as iron and steel, unexpect 
edly exceeding the inhibiting effect of their re 
Spective Components when used in strong acid so 
lutions (e. g. Solutions of a pH less than 2) in 
concentrations of the order of 0.01 to 0.20%. 
The corrosion inhibitor compositions of this 

invention are soluble or readily dispersible in 
Strong aqueous acid solutions, and can be readily 
compounded to avoid undesirable separation of 
Solids from the Solution during use in metal 
treatment. 
The corrosion inhibiting mixtures of this in 

Vention are highly effective in the acid baths emi 
ployed for pickling which contain, for example, 
sulfuric, hydrochloric, nitric, hydrofluoric, phos 
phoric, formic or acetic acid in concentrations 
of about 5 to 15%, Or in equivalent aqueous solu 
tions of acid SaltS Such as Sodium bisulfate. 
They are also effective and useful as corrosion. 
inhibitors in the acidizing of oil wells with strong 
acids (e. g. hydrochloric or hydrofluoric acid) of 
5 to 20% concentration, wherein the corrosion 
inhibiting compositions also act to prevent or in 
hibit formation, and to resolve, Water-in-oil 
emulsions. 
As indicated above, the amines employed in the 

compositions of this invention are aliphatic and 
alicyclic primary monoamines of 12 to 20 carbon 
atoms, particularly the primary amines derived 
from fatty acids of natural fats by replacement 
of the carboxyl group With an amino Or an 
amino methyl group, and the alicyclic primary 
monoamines derived from rosin or its hydro 
genated or dehydrogenated derivatives, e. g. by 
replacing carboxyl groups with an amino methyl 
group in abietic or hydrogenated or dehydro 
genated abietic acid, or by introducing a primary 
amino group into the nucleus of abietyl Com 
pounds and their hydrogenated or dehydro 
genated derivatives, e. g. by nitration and reduc 
tion as disclosed in USEP 2,367,001, or by halogen 
ation and amination as disclosed in USP 
2,240,936. 
The non-ionic emulsifying agentS employed in 

the corrosion inhibitor compositions of this in 
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Vention are water-soluble or colloidally Soluble 
polyglycol ethers and esters of higher fatty Or 
alicyclic alcohols or carboxy acids, and of 
alkylphenols, of the Order of 12 to 24 carbon 
atoms, which are produced by condensation of 
such acids, phenols or alcohols with at least 4 
molecular equivalents of ethylene oxide or a 
closely analogous alkylene oxide such as propyl 
ene oxide. Preparation of such compounds is 
disclosed, for example in USP 1970,578. 
The following compositions, prepared in each 

case by thoroughly mixing the ingredients here 
given, and warming until a homogeneous mix 
ture was obtained, illustrate a number of repre 
sentative corrosion inhibiting compositions in a C 
cordance With our invention. Parts are by 
Weight. 

(a) 50 parts of polyethoxylated talloil 
50 parts of dehydroalbietinyl amine 

(b) 75 parts of polyethoxylated talloil 
25 parts of dehydroalbietinyl amine 

(c) 75 parts of polyethoxylated di-isoamylphenol 
25 parts of dehydroalbietinyl amine 

(d) 75 parts of polyethoxylated talloil 
25 parts of a straight-chain aliphatic pri 

mary amine mixture of 14 to 18 carbon 
atoms 

(e) 90 parts of polyethoxylated talloil 
10 parts of dehydroalbietinyl amine 

Talloil is a byproduct of the Sulfate process for 
making wood pulp, the crude product usually con 
sisting of rosin acids (30 to 65%) and fatty acids 
(40 to 60%), and the refined product containing, 
for example 35 to 40% of rosin acids and 50 to 
60% of higher fatty acids, together with up to 
about 10% unsaponifiable ingredients. 
The polyathoxylated derivatives employed in 

the foregoing compositions contain 4 or more, 
and particularly from 3 to 15 ethenoxy radicals, 
and are prepared by condensing ethylene oxide 
in the appropriate molecular proportions with 
talloi or with the diisoamylphenol. Similar 
compositions are obtained by using a similar eth 
yiene oxide derivative of nonyl phenol, or a con 
densation product of about 50 mois of ethylene 
oxide with one mol of talloil. Dehydroaibietinyl amine is a primary amine 
derivative of dehydrpabietic acid in which the 
carboxyl group is replaced by -CH2--NH2 group. 
in the following table, it is called “rosinamine.” 
The straight-chain aliphatic amine of the fore 
going compositions, derived from natural fat 
fatty acids of 14 to 18 carbon atoms, is prepared, 
for example, by amination of the fatty alcohol 
mixture obtained by reduction of esters of fatty 
acids, or by catalytic hydrogenation of the corre 
sponding nitriles. 
The corrosion inhibiting effect of the foregoing 

gompositions, and also of the respective compo 
nents of said compositions, was tested by incor 
porating the inhibiting compositions and the re 
spective ingredients alone, in concentrations of 
0.01, 0.10 and 0.20%, in 15% aqueous hydro 
chloric acid at 80° C., and determining the loss 
in weight during 15 minutes immersion in the 
resulting solutions, of approximately equal-sized 
samples of 's-inch hot rolled steel sheets, and 
comparing the per cent loss in weight with the 
corresponding loss of a similar sample in hydro 
chloric acid of the same temperature and con 
centration and in the absence of any inhibitor. 
The loss in weight of the latter blank determina 
tion amounted to 3.874%. 

Inhibiting efficiency was calculated in percent 

4. 
age as the quotient of the difference in loss in 
weight between the sample with the inhibitor and 
Without the inhibitor, over the loss in weight in 
the absence of an inhibitor. 

5 The results of the tests Were as follows: 

Inhibitor Composition Inhibitor Efficiency 
m- --------------woon Concentration in 

ADnines Polyethoxy 15%, HC 

Ak. Rosin Fatty Tailoil Pol 0.01% 0.10% 0.20% 

Perceni Percent Percent Percent 
89 98 98 
82 98 98 
82 98 98 
84 96 96 
67 96 97 
9 77 98 
11 30 
5. 73 74 
25 58 63 

Similar inhibitor efficiencies were obtained 
with corresponding mixtures of polyethoxylated 
nonyl phenol or ethoxylated talloil containing 
about 50 molecular equivalents of ethylene oxide 
with the rosin amine or the fatty amine mixture. 
As indicated in the foregoing table, the corro 

Sion inhibiting effect of mixtures of the higher 
fatty and alicyclic amines with polyalkylene gly 
col esters and ethers substantially exceeds the 
corrosion inhibiting effect of either of the ingre 
dients when used in corresponding concentra 
tions alone. In the instance of rosin amine, 
which attained 98% efficiency at 0.2% concentra 
tion when used alone, the insolubility of the ma 
terial at this concentration, and the resulting 
Separation of solids, would render its use imprac 
tical for commercial application. However, mix 
tures containing 50% or more of the polyglycol 
ethers or esters with the insoluble amines yield 
stable dispersions or solutions in the strong acid 
medium employed, and are satisfactory for use in 
metal pickling baths or in acidizing oil wells. 
As set out above, the amines employed in ac 

cordance with this invention are substantially 
water-insoluble (i.e., water-insoluble or at most, 
slightly water-soluble) higher primary aliphatic 
and alicyclic monoamines, especially those con 
taining about 12 to 20 carbon atoms, such as pri 
pnary amines derived from the fatty acids of 
natural fats, from the carboxy acids of rosin, e.g. 
abietic acid and its hydrogenated and dehydro 
genated derivatives, and the like. The polyaik 
oxylated compounds employed in the corrosion 
inhibiting compositions are those derived from 

atty acids of natural fats or from the corre 
Sponding alcohols, from abietic acid and its 
hydrogenated or dehydrogenated derivatives or 
QSin, or from alcohols corresponding to the lat 
ter compounds, and from alkylphenols of at least 
12 and preferably 12 to 24 carbon atoms. The 
number of mols of ethylene or propylene oxide 
condensed with these materials to produce the 
polyalkoxylated compounds should be at least 4 
in order to afford satisfactory surface-active 
properties. The upper limit of the molecular 
proportion of alkylene oxide thus condensed is 
Such that the products remain colloidally soluble 
in Water. In general, up to 60 mols of ethylene 
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oxide has been found suitable. 
The proportions of the amine to the polyglycol 

ether compounds in corrosion inhibiting mixtures 
should be substantially within the range of 1:1 to 
1:9. Substantially higher proportions of amine 

75 cause undesirable separation of solids in acid 
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baths, while with lower proportions of amine, the 
corrosion inhibiting effect decreases excessively. 
The compositions are suitably employed in 

strong acid baths used for metal pickling or oil 
well treatment most advantageously and econom 
ically in concentrations of 0.01 to 0.2%. The 
baths may contain 5 to 20% of a mineral acid 
such as HCl, H2SO4, H2F2, HaPO4, HNO3, or in 
some cases, organic acids such as formic or acetic 
acid. Such baths have a pH of less than 2 and 
generally less than 1. In pickling Operations, 
elevated temperatures of the order of 80° C., e. g. 
50 to 100° C., are employed, and the bath is pref 
erably maintained in motion relative to the metal 
articles to be treated. In the acidizing of oil wells, 
mineral acids, especially hydrochloric or hydroflu 
oric acid are used in concentrations of 5 to 20%, 
and the solution is not heated, but is introduced at 
ambient temperature into the oil well. When 
employed in the oil well treating solutions, the 
corrosion inhibiting compositions of the inven 
tion not only inhibit corrosion of the metal equip 
ment, but also inhibit formation of water-in-oil 
emulsions. 

Variations and modifications which will be 
obvious to those skilled in the art can be made 
in the foregoing compositions and procedure 
without departing from the nature or scope of 
the invention. 
We claim: 
1. A corrosion inhibiting composition for use 

in the treatment of metals with acid baths, 
which consists essentially of a substantially 
water-insoluble primary amine of the class con" 
sisting of aliphatic and alicyclic monoamines of 
12 to 20 carbon atoms, and a non-ionic dispersing 
agent of the class consisting of the poly 
alkoxylated derivatives of aliphatic and alicyclic 
monocarboxy acids, of aliphatic and allicyclic 
monohydric alcohols and of alkylphenols, Said 
acids, alcohols and alkylphenols having 12 to 24 
carbon atoms, said derivatives thereof contain 
ing at least 4 oxyalkylene radicals and said oxy 
alkylene radicals each containing 2 to 3 carbon 
atoms, the weight ratio of said amine to Said 
dispersing agent being substantially within the 
range of 1:1 to 1:9. 

2. A corrosion inhibiting composition as de 
fined in claim 1, wherein the dispersing agent is 
polyethoxylated talloil. 

3. A corrosion inhibiting composition as de 
fined in claim 1, wherein the dispersing agent is 
a polyethoxylated alkylphenol. 

4. A corrosion inhibiting composition as de- : 
fined in claim 1, wherein the amine is a dehydro 
abietinyl amine. 

5. A corrosion inhibiting composition as de 
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6 
fined in claim 1, wherein the amine is a higher 
fatty amine corresponding to a natural fat fatty 
acid. 

6. A corrosion inhibiting composition essen 
tially consisting of dehydroalbietinyl amine and 
polyethoxylated talloil, wherein the weight ratio 
of Said amine to said talloil derivative is about 
1:3. 

7. A corrosion inhibiting composition consist 
ing of polyethoxylated di-isoamylphenol and 
dehydroalbietinyl amine, wherein the Weight ratio 

aid amine to said phenol derivative is about 
1:3. 

8. A corrosion inhibiting composition consist 
ing essentially of a mixture of straight-chain 
aliphatic primary monoamines of 14 to 18 carbon 
atoms and of a polyethoxylated talloil, wherein 
the weight ratio of said amine mixture to said 
talloil derivative is about 1:3. 

9. An acid treatment bath for metals, having 
a pH of less than 2 and containing from 0.01 to 
0.2% of a corrosion inhibiting composition as 
defined in claim 1. 

10. An acid treatment bath for metals, con 
taining 5 to 20% of a mineral acid and from 
0.01 to 0.2% of a corrosion inhibiting composi 
tion as defined in claim 1. 

11. An acid treatment bath for metals, con 
taining about 15% hydrochloric acid and from 
0.01 to 0.2% of a corrosion inhibiting composi 
tion as defined in claim 1. 

12. A process for pickling iron and steel, 
which comprises immersing the metal in an acid 
bath having a pH less than 2 and containing 
from 0.01 to 0.2% of a corrosion inhibiting com 
position as defined in claim. 1. 

13. A process for the treatment of oil wells 
having ferrous metal equipment therein, which 
comprises introducing into the well an acid bath 
containing 5 to 20% of a mineral acid and from 
0.01 to 0.2% of a corrosion inhibiting composi 
tion as defined in claim 1, wherein said ferrous 

equipment is exposed to contact with said 
all. 
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