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ABSTRACT OF THE DISCLOSURE 
Acidic cleaning solutions, which have little or no tend 

ency to corrode metal surfaces, containing amine com 
pounds prepared by reacting a specific amine starting ma 
terial, formaldehyde and a ketone in the presence of acid, 
are described. The amine starting material is of the 
formula 

CH3(CH2) - H-R 
HN-Z, 

wherein n is an integer ranging from about 2 to about 
20, R is selected from the group consisting of hydrogen 
and CH3(CH2)-1, wherein m is an integer ranging from 
1 to about 21, and Z is selected from the group consist 
ing of hydrogen and the propylamine radical. 

This invention relates to amine compounds. This in 
vention also relates to the use of amine compounds in 
acidic solutions which are utilized to clean metal sur 
faces. 

It is known to utilize certain amine compounds in acidic 
solutions which are utilized for cleaning or pickling metal 
surfaces to remove therefrom unwanted oxide scales and 
other undesirable corrosion products. The amine com 
pound functions to reduce the tendency of the acidic 
cleaning solution to corrode the metal surface without 
interfering wtih the cleaning operation performed by the 
solution. Materials which so function are generally re 
ferred to as "acid inhibitors." 
The corrosion of metal surfaces by acidic cleaning 

solutions is caused by the acids present in the solution. 
Acids generally used in such metal cleaning or pickling 
solutions are the so-called "non-oxidizing' acids. Included 
in this category are inorganic acids, such as hydrochloric 
acid, phosphoric acid, sulphamic acid, sulphonic acid and 
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sulphuric acid; and organic acids, such as acetic acid, 
citric acid, formic acid, glycolic acid and oxalic acid. 
The acid component of the cleaning solution is effective 

to rid the metal surface of undesirable deposits thereon, 
but unfortunately it also tends to attack and corrode the 
base metal which is desired to be cleansed only. This, 
of course, is extremely undesirable. To counteract the 
corrosive effects of the acids, acid inhibitors are added 
to the cleaning solution. 
Amine compounds which function as acid inhibitors in 

acidic cleaning or pickling solutions are disclosed in U.S. 
Pat. No. 2,758,970 to Saukaitis and Gardner and assigned 
to the same assignee as this invention. These amine com 
pounds are the product obtained by the reaction of cer 
tain rosin amines with formaldehyde and a ketone. Such 
reaction is of the type known as a "Mannich reaction." 
The patent also discloses that the acid salts of the amines 
described therein are useful as acid inhibitors, 

It is also known that rosin amines, which are utilized 
as the starting material to prepare the amine compounds 
which are the subject matter of the above mentioned 
patent, are useful as acid inhibitors. However, the amines 
of the patent are superior to the rosin amine starting ma 
terials because the former exhibit better inhibition prop 
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process is sometimes advantageously carried out at ten 
peratures above ambient. 
Although known amine compounds, such as those de 

scribed above, have been successfully used as acid in 
hibitors in acidic cleaning and pickling solutions, their 
use has not always been problem-free. For example, their 
use leaves something to be desired in pickling applica 
tions in which iron tends to build up in the acidic pick 
ling solution. 
As an illustration of such an application, it has been 

observed that in the hydrochloric acid pickling of steel by 
strip line or batch process, the content of the iron (ex 
pressed as Fett) in a working solution can rise to as 
high as about 14 to about 17 grams per 100 ml. of solu 
tion. The presence of the iron has various undesirable 
effects on the cleaning process. For example, the iron, 
which takes the form of the chloride salt in a hydro 
chloric acid pickling solution, can actually accelerate the 
corrosion of the steel being treated, 

Another undesirable effect produced by the iron is that 
it causes the acid inhibitor to "oil out' of the pickling 
solution. This reduces the amount of acid inhibitor which 
is available to counteract the corrosive effect of the chlo 
ride salt and the acid. Moreover, when the acid inhibitor 
oils out of the cleaning solution, it deposits on the metal 
surface. Such deposits have a tendency to interfere with 
subsequent operations to which the steel is subjected, such 
as for example, cold rolling. 

It is therefore an object of this invention to provide 
new amine compounds which exhibit improved acid in 
hibition properties and a method for preparing such 
compounds, 

It is another object of this invention to provide acid 
inhibitors for acidic cleaning or pickling solutions, that 
is materials which are effective to reduce or prevent the 
tendency of such solutions to corrode or attack metal sur 
faces which are subjected to the solutions for cleaning, 

It is also an object of this invention to provide im 
proved acidic cleaning or pickling solutions which have 
little or no tendency to corrode metal surfaces which 
are subjected to the solutions for the purpose of ridding 
said surface of undesirable deposits present thereon. 

It is a further object of this invention to provide an 
improved process for cleaning metal surfaces of oxide 
scales and other undesirable deposits by the use of an 
acidic cleaning or pickling solution and in a manner such 
that the metal surface is not attacked and corroded by 
the solution. 

It is still another object of this invention to provide 
materials for use as acid inhibitors in acidic cleaning or 
pickling solutions in which iron is present. 

In accordance with this invention, it has been found 
that by selecting certain specific amine starting materials 
and reacting one or more of them with formaldehyde and 
a ketone having at least one reactive hydrogen, in the 
presence of sufficient acid to maintain the pH of the reac 
tion below 7, there is obtained an amine product which 
exhibits excellent acid inhibition properties in acidic solu 
tions for cleaning metal surfaces. As the reaction is car 
ried out in an acidic medium, the product obtained will 
contain the acid salt of the amine produced by the reac 
tion. Both the acid salt of the amine and the amine itself 
exhibit acid inhibition properties, so that either of the 
products or mixtures thereof can be utilized as the acid 
inhibitor in acidic cleaning solutions. 
The amine starting material utilized in the reaction de 

scribed above is of the formula 

Chicch)-CH-R 
HN-2 Formu), 
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wherein n is an integer ranging from about 2 to about 20; 
R is selected from the group consisting of hydrogen and 
CH3(CH)- wherein m is an integer ranging from 1 to 
about 21; and Z is selected from the group consisting of 
hydrogen and the propylamine radical. The above defined 
amine starting materials, which are precursors for the im 
proved acid inhibitors of this invention, are well-known, 
as are methods for preparing them. A number of then 
are commercially available. 
The reaction set forth above to prepare the new and 

improved acid inhibitors of this invention, that is the reac 
tion of an amine starting material, formaldehyde and 
ketone, in the presence of an acid, is of the type which 
can be classified as a Mannich reaction, one well-known 
in the amine synthesis art. This reaction, which utilizes 
tan amine starting material for synthesizing a different 
amine compound, consists, in general, of the condensa 
tion of an amine with formaldehyde and a ketone having 
at least one reactive hydrogen atom. Whereas the Mannich 
reaction is one of general knowledge, it has not hereto 
fore been known to subject the amine starting materials 
of Formula I above to this reaction to produce the acid 
inhibitors of this invention. 
Although the Mannich reaction has been known and 

investigated for some time, there exists various uncertain 
ties about the reaction which preclude in many cases a 
correct prediction of the specific amine compound or mix 
ture of amine compounds that will be produced by the 
reaction. In this connection, it is noted that the mechanism 
of the Mannich reaction has not been established. A num 
ber of theories on the reaction mechanism have been ad 
vanced, but no one theory has been agreed upon as being 
a correct and full explanation of how the various and 
many kinds of amines and ketones known to react with 
formaldehyde do react. 

Experience in synthesizing amine compounds by a 
Mannich reaction has shown that it is not unlikely that 
the reaction product will comprise in some cases a mix 
ture of amine compounds rather than a specific amine. 
We have found that regardless of the particular amine 

compound or mixture of amine compounds produced by 
reacting the amine starting material of Formula I with 
ketone and formaldehyde as set forth above, the reaction 
product exhibits excellent acid inhibition properties. 

Despite the uncertainties of the specific product that will 
be produced in a Mannich reaction, it has also been found 
that by reacting amine starting materials of Formula I 
above with formaldehyde and a ketone having at least one 
reactive hydrogen in the presence of sufficient acid to 
maintain the pH of the reaction below 7, there can be ob 
tained amine compounds of the general formula 

CH(CH)-CH-R 
Formula II 

wherein n is an integer ranging from about 2 to about 20; 
R is selected from the group consisting of hydrogen and 
CHs (CH)-1 wherein m is an integer ranging from 1 to 
about 21; and X is selected from the group consisting of 

CE)- (-k 

ch)-0-R 
Formulal(A) 

wherein R and R are each a hydrocarbon radical and 
the group 

O 

soil)--it O 

ice-Chi-N-(chh-N 
(CH)--C-R 

Formula IICB) wherein R, R and R5 are each a hydrocarbon radical. 
The amines of Formula II above, as well as their acid 

salts, exhibit excellent acid inhibition properties in acidic 
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4. 
cleaning solution. With respect to the acid salts of the 
amines, it is noted that because the reaction is carried out 
in an acidic medium and maintained at a pH below 7, the 
product produced by the reaction will contain the acid salt 
of the amines represented by Formula II. As the acid salt 
has acid inhibition properties, it can be used without fur 
ther treatment as the acid inhibitor in acidic cleaning 
solutions. On the other hand, if it is desired, the amine 
itself can be recovered from the acid salt of the amine. 
The amines of this invention and their corresponding 

acid salts have a number of properties which make them 
particularly suitable and effective as acid inhibitors in 
acidic cleaning solutions. Such properties include the abil 
ity to more effectively prevent or retard the corrosion of 
the metal being cleaned by the acidic cleaning solution 
than known acid inhibitors. This is so even when high 
concentrations of iron are present in the solution. Also, 
they have the ability to resist "oiling out" of the cleaning 
or pickling solution, unlike various of the presently avail 
able acid inhibitors which tend to oil out due to the pres 
ence of iron in the solution. Thus, the use of the com 
pounds of this invention in metal cleaning processes has 
the advantage that amounts of the compounds are not dis 
sipated due to oiling out and the further advantage that 
the metal surface is not left with "oiling out' deposits 
which tend to interfere with operations to which the metal is subsequently subjected. 
Another very important property of the compounds of 

this invention is that they are extremely effective as acid 
inhibitors even when used in very small amounts. Thus the 
advantages set forth above can be realized when as little 
as a few hundredths of a percent, or even less, of the 
amine compound is present in the acidic cleaning solution. 
Any of the available methods may be utilized to pre 

pare the amine compounds of Formula II above. For ex 
ample, compounds of Formula II above can be prepared 
by reacting suitable vinyl ketones and amines in the pres 
ence of acid or by reacting suitable methylol amines and 
ketones in the presence of acid. However, it is preferred 
that they be prepared by a Mannich type reaction. 
The formaldehyde component utilized in the reaction 

to produce the acid inhibitor of this invention is prefer 
ably added to the reaction mixture in the form of an aque 
ous Solution, such as for example the conventional 37 
weight percent aqueous solution of commerce, or in the 
form of an organic solution, such as the readily available 
alcoholic solution known as "Formcel." 
According to standard techniques, any material that 

readily breaks down to yield formaldehyde under the con 
ditions of the Mannich reaction can be utilized instead of 
the aqueous and alcoholic solutions of formaldehyde re 
ferred to above. An example of such material as a source 
of formaldehyde is paraformaldehyde, a linear polyoxy. methylene glycol. 

For each mole of amine starting material utilized, there 
is preferably utilized one mole of formaldehyde for each 
hydrogen atom attached to a nitrogen atom in the amine 
starting material, plus about 10 to 20 molar percent excess of formaldehyde. 
Any ketone having at least one reactive hydrogen atom 

can be utilized in the Mannich reaction to prepare the 
compounds of this invention. Examples of such ketones 
are the following: 

acetone 
methylethylketone 
isobutylmethyl ketone 
diacetone alcohol 
2,4-pentanedione 

acetophenone 
p-methoxyacetophenone 
p-chloroacetophenone 
2-heptanone 
2-undecanone 

acetonylacetone 2-acetylcyclohexanone 
phorone butyrophenone 
mesityl oxide naphthalenone 
cyclopentanone cyclohexanone 
propiophenone tetrolophenone 
acetonaphthone 

A. 
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With reference to Formulae II (A) and II (B) above, 
it is noted that the ketone utilized in the reaction is the 
source of the hydrocarbon radical, that is, R1 and R2 of 
Formula II (A), and R3, R and R5 of Formula II(B). 
From the standpoint of the reaction, it is noted that any 
ketone having available reactive hydrogen will react ac 
cording to the Mannich reaction. From the standpoint of 
acid inhibitor properties of the compounds of this inven 
tion, it is noted that the presence of any hydrocarbon radi 
cal is effective and, consequently, any ketone capable of 
reacting as set forth above can be utilized. 

Mixtures of ketones may also be utilized to prepare the 
amines within the scope of this invention. When a mixture 
of ketones is utilized, there can be obtained compounds 
wherein R1 and R2 of the Formula II (A) above and 
R, R and R5 of the Formula II (B) above are different 
hydrocarbon radicals. 
When a mixture of ketones is utilized, the less or least 

reactive ketone or ketones should be added to the reaction 
mixture and allowed to react to some extent with the 
amine starting material and formaldehyde components 
prior to the addition to the reaction medium of the ketone 
having greatest reactivity. This procedure gives the ke 
tones of lesser activity an opportunity to react with the 
amine and formaldehyde components. 
On the other hand, when a single ketone is utilized, 

R and R2 of Formula II (A) above will be the same hy 
drocarbon radical and similarly R3, R and R5 of the 
Formula II (B) above will be the same hydrocarbon 
radical. 

Preferably, the reaction is carried out using an excess 
of ketone. On the basis of one mole of amine starting 
material, there is preferably utilized one mole of ketone 
for each hydrogen atom attached to a nitrogen atom in the 
amine starting material, plus an excess of about one to 
two moles of ketone. y 
As mentioned, the reaction must be carried out in the 

presence of sufficient acid to maintain the pH of the re 
action medium below 7. An inorganic or organic acid can 
be utilized. 
The preferred acid is hydrochloric acid and, when used, 

the product obtained will be the hydrochloride salt of the 
amine. Hydrobromic, sulfuric and acetic acids are illus 
trative of other types of acids that can be utilized. 

In a preferred sequence of steps to prepare the com 
pounds of this invention, acid is added to a mixture of 
the amine starting material and the ketone in amounts 
sufficient to impart to and maintain the reaction mixture 
at a pH below 7. Then formaldehyde is added slowly 
over a period of hours to the reaction mixture as it is 
continuously stirred. The mixture is then refluxed for a 
period of hours to maximize yield. The excess ketone may 
then be distilled off leaving behind amine compounds 
within the scope of this invention. 

Set forth below are illustrative examples of compounds 
within the scope of this invention and preparation of 
such compounds. 

EXAMPLE I 

One-half mole of amine starting material of the gen 
eral Formula I above, wherein n is 4, R is methyl and Z 
is hydrogen, was dissolved in 2 moles of acetone. One-half 
mole of hydrochloric acid was then added with stirring 
and cooling. One mole of formaldehyde in the form of a 
37 weight percent aqueous solution was then added over a 
period of 2 hours through a dropping funnel as the mix 
ture was continuously stirred and kept cool. The mixture 
was then heated to reflux and was so maintained as it 
was continuously stirred for 24 hours. The pot tempera 
ture was 77° C. Thereafter, excess acetone was separated 
from the reaction mixture by distillation and the distillate 
obtained amounted to 54 ml. The distillate had a specific 
gravity of 0.81 (equivalent to 41 g, of acetone). A still 
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6 
residue of 265 g. was left behind and this contained the 
hydrochloride salt of the amine of the formula 

CH(CH)-CH-CH O 

CHCH, CH, 
BC.N 

YCH, CH, CH, 
EXAMPLE II 

One-half mole of amine starting material of the gen 
eral Formula I above, wherein n is 8, R is methyl and 
Z is a propylamine radical, was dissolved in 3 moles of 
acetone. One mole of hydrochloric acid was added slowly 
with stirring and cooling. Formaldehyde (1.5 moles), as 
a 37 weight percent aqueous solution, was added slowly, 
over 2 hours, with stirring and cooling. Then the reaction 
mixture was heated to reflux, with stirring, for 20 hours. 
Thereafter, the excess acetone was distilled off, the pot 
temperature reaching 98 C. There was obtained 89 ml. 
of distillate having a specific gravity of 0.84. The residue 
(416 g.) contained the dihydrochloride salt of the amine 
having the formula 

CH (CH)-CH-CH 

ch,ch, CHs 
CHCH-CH-N-CH-CH-CH-NH Cl 

HCl CH, CH, CH, 
EXAMPLE III 

One-half mole of amine starting material of the general 
Formula I above, wherein n is 4, R is methyl and Z is 
propylamine, was dissolved in 1.5 moles of acetophenone 
contained in a flask. Acetic acid (1 mole) was added to the flask with stirring and cooling. Formaldehyde (1.5 
moles), 40 weight percent in n-butanol, was added slowly, 
with stirring. Refluxing was carried out for 24 hours, and 
the mix was distilled up to a pot temperature of 125 C. 
to provide 58 ml. of mixed distillate. The residue (381 g) 
in the flask contained the acetate salt of the amine of 
the formula 

CH(CH)-CHCH O 

O ch, CH, CH, 
C.H. CHCH-N-CHCH, CHN. HAc 

Ac CHCHCCH 

EXAMPLE IV 
One mole of amine starting material of the general 

Formula I above, wherein n is 10 and R and Z are each 
a hydrogen atom, was dissolved in 3 moles of acetone. 
Hydrochloric acid (1 mole) was added slowly, with stir. 
ring and cooling. Two moles of formaldehyde as a 37 
Weight percent aqueous solution was added over a three 
hour period with stirring. Refluxing was then carried out 
for 24 hours at a pot temperature of 85° C. The product 
was then distilled to a pot temperature of 93 C., when 
41 ml of acetone was distilled off to provide a residue 
(601.5 g) containing the hydrochloride salt of the amine 
of the formula 

O 

chche CH 
CH(CH)CHNHCl 

CHCHCCH 

EXAMPLE V 
Using the procedure outlined in Examples I-IV above, 

an amine starting material of the general Formula I 
above, wherein n is 8, R is CH3(CH2) and Z is hydro 
gen, was reacted with acetone and formaldehyde in the 
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presence of sulphuric acid to yield the sulphate salt of 
the amine of the formula 

CC1-CH-CH1 O 
CHCH, CH, 

112BSO. 
YCB,C HCCH 

EXAMPLE VI 
Using the procedures outlined in foregoing Examples 

I-IV above, an amine starting material of the general 
Formula I above, wherein n is 10, R is hydrogen and Z 
is propylamine, was reacted with acetone and formalde 
hyde in the presence of hydrochloric acid to yield the 
dihydrochloride salt of the amine of the formula 

CH(CH)1-CB O 

O CHCH, CH, 
Chich, CH,--CHCHCH.Náci 

HC1 CHCHCCH 

EXAMPLE VI 

One-half mole of amine starting material of the general 
Formula I, wherein n is 12, R is hydrogen and Z is hy 
drogen, was dissolved in 1 mole of acetophenone. One 
mole of acetic acid was added with cooling and stirring. 
One mole of formaldehyde as 40 weight percent active in 
n-butanol solution, was added over a two-hour period 
with stirring. The solution was then heated and stirred at 
reflux for 24 hours, the pot temperature reaching 105 C. 
Water (19 ml.) and butanol (28 ml.) were then distilled 
off, the pot temperature reaching 124 C. The product 
(307 g.) contained the acetate salt of the amine of the 
formula 

O 

CH (CH)-CH CH,Chech, 
1. 

NHAc 

SCH, CH,C CHs 

EXAMPLE VII 

There was added to a flask 1 mole of amine starting 
material of the general Formula I, wherein n is 12, R is 
methyl, and Z is hydrogen, and 3.5 moles of acetone. To 
the contents of the flask 116 g. of hydrochloric acid was 
added drop-wise. The pH of the solution in the flask was 
approximately 1. Thereupon, 2.1 moles of formaldehyde 
as a 37 weight percent aqueous solution was added to the 
contents of the flask. Refluxing was carried out for 24 
hours at 76° C. At the end of the 24-hour period, excess 
acetone and formaldehyde were stripped by distillation 
to a temperature of 90° C. The reaction product con 
tained the hydrochloride salt of the amine having the 
formula 

CII (CEI)CICIIs g 
Cilicle-cil, 

N . 

Ycil,CH,C-CH, 

As discussed above, the amine compounds of this in 
vention and their acid salts are excellent acid inhibitors in 
acidic solutions which are utilized to clean metal surfaces. 
As such they function to remarkably reduce the tendency 
of the acid in the cleaning solution to corrode and attack 
the metal being cleaned. Moreover, this is accomplished 
without interfering with cleaning functions of the acid. 
The acid inhibitors of this invention will find use in 

the wide variety of acid cleaning and pickling solutions 
that are used to clean metal surfaces of unwanted oxide 
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8 
scales and other undesirable corrosion products. Examples 
of such cleaning solutions are those containing acids, 
such as for example, hydrochloric acid, phosphoric acid, 
sulphamic acid, sulphonic acid, sulphuric acid, acetic acid, 
citric acid, formic acid, glycolic acid and oxalic acid. 
The amine compounds described herein can be utilized 

to particularly good advantage in applications involving 
strip line and batch hydrochloric acid pickling of stain 
less steel and iron surfaces, that is in applications wherein 
iron tends to build up in the cleaning solution. However, 
the amine compounds and amine salts described herein 
can also be utilized in other types of cleaning and pick 
ling solutions, for example in sulfuric acid pickling solu 
tions. The amines of the invention will thus find use in 
any of the wide variety of cleaning and pickling solutions 
which are available for cleaning metal surfaces. 
The preferred acid inhibitors of this invention are those 

of Examples IV to VIII, inclusive. It has been found that 
the amines of these examples exhibit particularly good 
acid inhibition properties when incorporated in acidic 
cleaning or pickling solutions. 

In general, the acid inhibitors of this invention can be 
incorporated in the acidic cleaning solution in any amount 
effective to reduce the tendency of the acid to attack 
and corrode the metal without interfering with the clean 
ing operation performed by the acid. The most effective 
amount of acid inhibitor will vary depending on a num 
ber of factors, including the particular amine compound 
utilized, the specific cleaning solution utilized and the 
type of metal being treated. 

In general, it has been found that good results can be 
obtained when the acid inhibitors of this invention are 
present in the acidic cleaning or pickling solution in 
amounts ranging from about 0.005 to about 0.1 percent 
by volume. Larger amounts can be used; however, for 
most applications this will be unnecessary and, for the 
sake of economy, it will be generally advantageous to 
avoid the use of larger amounts. 

Particularly good results have been obtained when the 
acid inhibitors are utilized in amounts ranging from 
about 0.0125 to about 0.0625 percent by volume. This 
range encompasses the preferred amounts. 

Generally, cleaning and pickling solutions containing 
the compounds of this invention can be utilized to treat 
any of a wide variety of metals. Examples of metal sur. 
faces that can be treated are aluminum, magnesium, zinc, 
titanium, iron, steel and other metal surfaces, 
The acid inhibitors of this invention can be utilized in 

acidic pickling or cleaning solutions which also contain 
non-ionic or cationic surfactants. Examples of surfactants 
include the nonylphenol/ethylene oxide condensation 
products, ethoxylated amines and ethoxylated alcohols, 
used in conventional amounts. 
The acid inhibitors of this invention may also be utilized 

in conjunction with other known acid inhibitors, examples 
of which include aryl mercapto acetic acids, hexamethyl 
ene tetra-amine, propargyl alcohol, thiourea and urea, 

In order to demonstrate the improvement in acid in 
hibition effect of the compounds of this invention, even 
in the presence of a high content of iron, there are re 
ported below the results of a number of evaluations. 
Aqueous test solutions were prepared to consist of 

11.3 grams/100 ml. of hydrochloric acid without iron and 
with 14 grams/100 mls. of iron (expressed as Fe++). 
The aqueous test solutions also contained, as an inhibitor, 
one of the amine starting materials or the reaction prod 
ucts of each of Examples I to VI herein. Into these test 
solutions containing amine compounds, there was im 
mersed a 1010 hot rolled steel panel of 3 square inch 
total surface area for 25 minutes at 180 F. and the 
weight loss was noted. This weight loss was compared 
to the weight loss of a control panel immersed under the 
same conditions in an inhibitor-free acidic solution, that 
is one that contains no amide compound or other inhib. 
itor. The results of the tests are expressed in the follow 
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ing table as "percent inhibition" which was calculated 
according to the formula 

Al-B 
as ex100 

wherein A is loss in weight of the control panel, that is 
the panel immersed in the inhibitor-free acidic solution, 
and B is loss in weight of the test panel immersed in the 
test solution containing an acid inhibitor in the inhibition 
test solution. It is noted that the higher the percentage 
inhibition value, the more effective the acid inhibitor. 

Iron, Percent inhibition at the following 
i conc. of inhibitor, percent vol." gll 

Inhibitor type Im. 0.025 0.0250 0.0375 0.0500 0.0625 
Example I: 

Starting material--. No 6, 80 8.93 13.07 17.48 11.68 
Reaction product... No 4.35 73.33 85.07 88.70 90.93 
Starting material.--. 4 0.57 0,71 0.48 0.5 , 31 
Reaction product--- 14 30. 04 46.00 66.93 75.06 84.ll Example II: 
Starting material... No 50.17 86.14 88.41 89.80 89.82 
Reaction product... No 93.23 94.25 95.98 96.54 96.89 
Starting material--- 14. 48, 19 76,03. 80.08 8.83 82.49 
Reaction product.--- 14 9,06 95.03 98.68 97.26 97.49 Example III: 
Starting material... No 16, 18 24.02 33.18 52.49 37.8 
Reaction product... No 85.39 90,43 92.31 93.84 94,35 
Starting material--- 14, 0.96 1.31 1.34 1.52 2.07 
Reaction product.-- 4 73.39 85.04 90.49 93.02 95.7 Example IV: 
Starting material.--- No 87.34 88.89 89.53 90.43 89.39 
Reaction product... No 96.06 96.67 97.83 98.43 98,72 
Starting material.-- 14 0.09 0, 57 0.58 2, 16 2.83 
Reaction product--- 4 3.02 93.38 96,29 96.82 97.86 Example V: 
Starting material--- No 21.94 95.58 93.11 96.35 96.5 
Reaction product... No 96.90 97.47 97.35 97.47 98.10 
Starting material... 4 13.79 70.34 80.12 91.0 90.42 
Reaction product--- 14 58.32 88, 47 95.46 94.63 96.84 Example VI: 
Starting material... No 87.21 88.57 90.06 89.99 91.48 
Reaction product... No 94.43 96.99 97.67 98, 18 98.29 
Starting material.--- 4 8.55 3.31. 19,09. 18.23 26.54 
Reaction product... 4 91.60 95,72 97.04 97.32 97.67 

"The concentrations refer to the active amine materials only, not the 
actual residues referred to in the foregoing Examples I to VI. 

It will be seen from the results shown in the foregoing 
table that improved acid inhibition was obtained using 
the compounds of this invention. The degree of improve 
ment varied from compound to compound but as a 
general rule a significant improvement was noted in each 
case, even when the compound was tested for acid inhibi 
tion in the presence of relatively high concentration of 
Ol. 

The same general pattern of effectiveness of the acid 
inhibitors of this invention, as shown in the above table, 
will be obtained when the inhibitors are utilized in clean 
ing solutions containing other types of cleaning acids. 
We claim: 
1. An acidic aqueous solution for cleaning or pickling 

metal surfaces, the aqueous solution comprising an acid 
having metal cleaning properties and being present in an 
amount effective to clean the metal surface and in an 
'amount sufficient to reduce the tendency of the acid of 
said solution from attacking the metal surface, the amine 
product formed by the Mannich reaction in the presence 
of acid, of formaldehyde, with a ketone having at least 
one reactive hydrogen, and an amine starting material 
'of the formula 

CHCH-CH-R 
HN-Z 

wherein n is an integer ranging from about 2 to about 
20, R is selected from the group consisting of hydrogen 
and CH(CH)n-, wherein m is an integer ranging 
from 1 to about 21, and Z is selected from the group 
consisting of hydrogen and the propylamine radical, said 
acid being present in an amount sufficient to maintain 
the pH of the reaction below 7 and wherein for each 
mole of said amine starting material there is utilized at 
least 1 mole of formaldehyde and 1 mole of ketone for 
'amine starting material. 

2. An acidic aqueous solution according to claim 1 
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wherein there is utilized in said reaction a 10 to 20 molar 
percent excess of formaldehyde and a 1 to 2 mole excess 
of ketone. 

3. A solution according to claim 1 wherein the amount 
of said amine product in said solution is within the range 
of about 0.005 to about 0.1% by volume. 

4. A solution according to claim 1 wherein the amount 
of said amine product in said solution is within the 
range of about 0.0125 to about 0.0625% by volume. 

5. In the process for cleaning or pickling a metal sur 
face utilizing an acidic aqueous solution which contains 
an acid inhibitor in an amount effective to reduce the 
tendency of the solution to attack the metal surface, 
the improvement comprising utilizing the amine product 
formed by the Mannick reaction, in the presence of acid, 
of formaldehyde, with a ketone having at least one re 
active hydrogen, and an amine starting material of the 
formula 

CH(CH)n-CH-R 
HN-2 

wherein n is an integer ranging from about 2 to about 
20, R is selected from the group consisting of hydrogen 
and CH3(CH)n-1, wherein m is an integer ranging 
from 1 to about 21, and Z is selected from the group 
consisting of hydrogen and the propylamine radical, said 
acid being present in an amount sufficient to maintain 
the pH of the reaction below 7 and wherein for each 
mole of said amine starting material there is utilized 
at least 1 mole of formaldehyde and 1 mole of ketone 
for each hydrogen atom attached to a nitrogen atom in the 
afmine starting material. 

6. The process according to claim 5 wherein said 
ketone is acetone, wherein in the formula of said amine 
'starting material n is 10 and R and Z are each hydrogen 
and wherein the acid in said reaction is hydrochloric 
acid. 

7. The process according to claim 5 wherein said ketone 
is acetone, wherein in the formula of said amine starting 
material n is 8, R is CH3(CH2) and Z is hydrogen and 
wherein the acid in said reaction is sulfuric acid. 

8. The process according to claim 5 wherein said ketone 
acetone, wherein in the formula of said amine starting 
material n is 10, R is hydrogen and Z is propylamine and 
wherein the acid in said reaction is hydrochloric acid. 

9. The process according to claim 5 wherein said 
ketone is acetophenone, wherein in the formula of said 
amine starting material n is 12, R and Z are each hydro 
gen and wherein the acid in said reaction is acetic acid. 

10. The process according to claim 5 wherein said 
ketone is acetone, wherein in the formula of said amine 
starting material n is 12, R is methyl and Z is hydrogen 
and wherein the acid in said reaction is hydrochloric acid. 

11. A process according to claim 2 wherein there is 
utilized in said reaction a 10 to 20 molar percent excess 
of formaldehyde and a 1 to 2 mole excess of ketone. 

12. An acidic aqueous solution for cleaning or pickling 
an iron or steel surface comprising hydrochloric acid 
in an amount effective to clean said surface and in an 
amount effective to reduce the tendency of the solution 
to attack the surface, the amine product formed by the 
Mannich reaction, in the presence of acid, of formalde 
hyde, with a ketone having at least one reactive hydrogen, 
and an amine starting material of the formula 

Chicch)-CH-R 
HN-2, 

wherein n is an integer ranging from about 2 to about 
20, R is selected from the group consisting of hydrogen 
and CH3(CH)n-1, wherein m is an integer ranging from 
1 to about 21, and Z is selected from the group consisting 
of hydrogen and the propylamine radical, said acid being 
present in an amount sufficient to maintain the pH of 
the reaction below 7 and wherein for each mole of said 
amine starting material there is utilized at least 1 mole of 
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formaldehyde and 1 mole of ketone for each hydrogen 
atom attached to a nitrogen atom in the amine starting 
material. 

13. An acidic aqueous solution according to claim 12 
wherein said ketone is acetone, wherein in the formula 
of said amine starting material n is 10 and R and Z are 
each hydrogen and wherein the acid in said reaction is 
hydrochloric acid. 

14. An acidic aqueous solution according to claim 12 
wherein said ketone is acetone, wherein in the formula 
of said amine starting material n is 8, R is CH3(CH2) 
and Z is hydrogen and wherein the acid in said reaction 
is sulfuric acid. 

15. An acidic aqueous solution according to claim 12 
wherein said ketone is acetone, wherein in the formula 
of said amine starting material n is 10, R is hydrogen 
and Z is propylamine and wherein the acid in said reac 
tion is hydrochloric acid. 

16. An acidic aqueous solution according to claim 12 
wherein said ketone is acetophenone, wherein in the 
formula of said amine starting material n is 12, R and 
Z are each hydrogen and wherein the acid in said reaction 
is acetic acid. 

17. An acidic aqueous solution according to claim 12 
wherein said ketone is acetone, wherein in the formula 
of said amine starting material n is 12, R is methyl and 
Z is hydrogen and wherein the acid in said reaction is 
hydrochloric acid. 

18. An acidic aqueous solution according to claim 12 
wherein there is utilized in said reaction a 10 to 20 
molar percent excess of formaldehyde and a 1 to 2 mole 
excess of ketone. 

19. An acidic aqueous solution according to claim 12 
containing about 0.005 to about 0.1% by volume of said 
anine product. 

20. A process for cleaning a stainless steel or iron sur 
face comprising contacting the surface with an aqueous 
acidic pickling solution comprising hydrochloric acid 
and in an amount at least effective to reduce the tendency 
of the solution from attacking the surface, the amine 
product formed by the Mannich reaction, in the presence 
of acid, of formaldehyde, with a ketone having at least 
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one reactive hydrogen, and an amine starting material 
of the formula 

wherein n is an integer ranging from about 2 to about 
20, R is selected from the group consisting of hydrogen 
and CH3(CH2)n-1, wherein m is an integer ranging from 
1 to about 21, and Z is selected from the group consisting 
of hydrogen and the propylamine radical, said acid being 
present in an amount sufficient to maintain the pH of 
the reaction below 7 and wherein for each mole of said 
amine starting material there is utilized at least 1 mole 
of formaldehyde and 1 mole of ketone for each hydrogen 
aton attached to a nitrogen atom in the amine starting 
material. 

21. A process according to claim 20 wherein there is 
utilized in said reaction a 10 to 20 molar percent excess 
of formaldehyde and a 1 to 2 mole excess of ketone. 

22. The process according to claim 20 wherein the 
amount of said amine product in said solution is within 
the range of about 0.005 to about 0.1% by volume. 

23. The process according to claim 20 wherein the 
amount of said amine product in said solution is within 
the range of from about 0.0125 to about 0.0625% by 
volume. 
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