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This invéntion relates to an unrusting agent.

1t is known to unrust articles of iron by treating them
with acids in which the rust is dissolved. The method
has the disadvantage that when working within the acid
range the ferrous metal itself is also attacked to a greater
or lesser extent. This has the result that especially fine
details of the iron articles such as threads, thin wires
and the like are so seriously attacked when treated with
acids for the purpose of removing the rust that these
articles become useless alone by the treatment with
acids.

It is desirable for these reasons to operate at a neu-
tral or alkaline pH when unrusting articles of iron by
means of chemical agents since the risk that the ferrous
meta! is dissolved in addition to the rust is not encoun-
tered in this case.

It has now been found that articles of iron can be
unrusted particularly advantageously by chemical means
by using organic compounds which contain Que..qr more

- * - 0] compounds is in gen-
&FaT outstandingly suited to remove rust from articles
of iron both within the neutral and within the alkaline
range without attacking the ferrous metal itself. Aqueous
solutions of these compounds, provided that they are
water-soluble, will be used in general for the purpose
mentioned above. However, solutions in organic sol-
vents are also suitable and offer the additional advan-
tage that the material being unrusted is easily dried after
unrusting so that the risk of renewed formation of rust
during the drying process is absent.

Examples of thiol compounds which are suitable in
accordance with the invention to dissolve rust include
ethyl mercaptan, thioglycol, thioglycerol, thiophenol, thio-
salicylic acid, thiobenzoic acid, thioglycolic acid, thio-
lactic acid, thiomalic acid, cysteine, their salts, esters and
derivatives in which the —SH group is preserved com-
pletely or partially. These compounds are only men-
tioned as examples, it being not intended to restrict the
invention to these examples. Similarly, suitable com-
pounds include those which give rise to the formation
of such compounds containing —SH groups during the
unrusting process, e.g. from rhodamines or thiocarbonyl-
bis-thioglycolic acid in an ammoniacal solution.

It is advantageous to add to these compounds ma-
terials having a basic action such as, for example, so-
dium hydroxide solution, potassium hydroxide solution,
ammonia or organic primary, secondary, tertiary amines
such as ethanolamine, triethylamine, pyridine or piperi-
dine, which -appear to be suitable to combine with the
—SH group and the rust being dissolved to form a
soluble compound of a salt-like or complex nature. In
many cases, the rust-dissolving action of the above-men-
tioned thiol compounds is enhanced to practical utiliz-
ability only by the addition of such bases.
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Solutions of any concentration of the materials men-
tioned above are suited for unrusting, the rule being gen-
erally applicable that in case of lower concentrations the
time of action must be longer than when using higher
concentrations. However, the efficiency will again drop
to some extent in case of very high concentrations. In
general, concentrations of 1 to 100% and particularly
of 3 to 30% are of advantage. However, rust will also
be dissolved with concentrations ranging below 1%.
This is easily perceptible by the violet color which ap-
pears if, for example, rusty iron is placed into an aqueous
solution which contains 0.3% of ammonium thioglycolate.
If it is desired to work in an organic solvent, the periods
of action should generally be chosen somewhat longer
than in case of the corresponding aqueous solutions.

The amount of basic material to be added may be
Iow and will be such that the pH value is not substan-
tially affected and may still range below pH 7. How-
ever, the amount of the base added may also be suffi-
ciently high that a neutral solution or even a very strong
alkaline solution will be obtained. In general, one will
desirably operate at a pH value which ranges between
6 and 13 and particularly between 6 and 9.

Particularly suitable for unrusting metallic articles in
accordance with the invention are thiol compounds of
acids such as, for example, thioglycolic acid, thiolactic
acid and thiomalic acid. Equally well suitable are salts,
esters and derivatives of these acids in which the —SH
group is preserved. Examples of salts of these com-
pounds the solutions of which are outstandingly suited
for unrusting including the salts of walkalis, ammonium
salt and salts of alkaline earth metals. Examples of
suitable esters include esters of lower and higher alco-
hols. A derivative of thiolactic acid is, for example,
cysteine which may, for example, be used successfully in
an ammoniacal solution for unrusting. Of the acids men-
tioned above, thioglycolic acid, its salts, esters and de-
rivatives are particularly efficient and this acid appears to
be particularly suitable for the purpose of the invention
since it can be produced at low cost on a commercial
scale.

When using thiol-carboxylic acids, unrusting can also
be effected at an acid pH. In this case, the ferrous metal
is not attacked at all or to a far lesser extent by the
thiol acids than in those cases where other acids are used
which do not contain thiol groups. This is perceptible
by the fact that rust is removed by these acids much
more rapidly than in those cases where acids such as
sulfuric acid are used which do nct contain thiol groups.

Unrusting of iron or articles containing iron can be
effected with the above-mentioned substances in a simple
manner by suspending the parts into a solution of these
substances. In doing so, it is desirable to agitate or stir
the solution. It is possible to use temperatures which
are higher or lower than room temperature, the dissolu-

‘tion of rust taking place more rapidly at higher tempera-

tures. As the rust is dissolved at an acid pH, the solu-
tion acquires an increasingly deep color as the pH in-
creases, the solution being colorless at about pH 3, pink
at about pH 5 and violet at pH 7 and becoming deep
violet above pH 7, i.e. within the alkaline range. It is,
for example, immediately perceptible by the appearance
of color at an alkaline pH that the rust is being dissolved.

LSS



8,277,012

3

Unrusting may also be effected by brushing the solu-
tion of the invention on the articles to be unrusted, par-
ticularly in those cases where the articles cannot be
suspended in said solution. For this purpose, inert ma-
terials such as tale, chalk and the like or thickening agents
or ghue-like substances may additionally be incorporated
in the solution which is thereby given a paste-like con-
sistency and, therefore, may be applied to vertical sur-
faces by brushing or trowelling. Examples of thicken-
ing agents of this kind include pectin, glue, Tylose
(methyl cellulose), and the like. After adequate exX-
posure, the paste is rinsed off. The thiol compounds may
also be in solid form when mixed with inert materials
such as precipitated silica. A slurry is made of this solid
mixture briefly before its application.

Wetting agents and/or emulsifiers may be added to
the solutions of the invention to achieve better wetting.

The treatment periods until complete removal of rust
is achieved are also dependent upon the degree of rusting.
Thicker layers of rust necessarily require longer exposure
of the article being unrusted. For this reason, plate or
sheet having the same degree of rust attack if possible
was used for the tests described in the folowing examples.

EXAMPLE 1

To an agueous solution containing 28.4% of thiogly-
colic acid, there was added sufficient ammonia that the
pH of the solution was 7. Then a rusty piece of iron
sheet was placed into the solution. The solution acquired
a deep violet color and the rust was completely dis-
solved after an exposure of 7 minutes. The loss in weight
was 2.9%. After another exposure of 24 hours, a fur-
ther loss in weight could not be observed.

EXAMPLE 2

To an aqueous solution containing 14.2% of thiogly-
colic acid there was added sufficient ammonia that the
pH was 8.4. Then a piece of Tusted sheet jron was placed
into the solution. The solution acquired a deep violet
color and the sheet was completely free from rust after
an exposure of somewhat less than 8 minutes. The loss
in weight was 3.05%. The sheet iron was suspended into
the solution for additional 24 hours but showed no fur-
ther loss in weight after this time.

EXAMPLE 3

To an agueous solution containing 7.1% of thiogly-
colic acid there was added sufficient ammonia that the
pH was 6. Then 2 piece of rusted iron plate was sus-
pended in the solution. After 8 minutes, the plate was
completely free from rust. The loss in weight was 3.4%.
Although this solution had =an acid reaction, dissolution
of iron metal could not be detected.

EXAMPLE 4

To an aqueous solution containing 3.5% of thiogly-
colic acid there was added sufficient concentrated am-
monia that the pH ranged between 11 and 12. A piece
of rusted iron plate was suspended into the solution. The
solution acquired a deep violet color and the plate was
free from rust after an exposure of 11 minutes. The loss
in weight was 2.12%.

EXAMPLE 5

To an aqueous solution containing 1.7% of thiogly-
colic acid there was added sufficient ammonia that
pH value was 9. Then a piece of tusted iron plate was
suspended into the solution. The solution acquired a
deep violet color and the plate was completely free from
rust after 30 minutes. The same result was obtained when
an equivalent amount of ammonium thioglycolate was
jmmediately added when preparing the solution.

EXAMPLE 6

Into a solution containing about 0.3% of thioglycolic
acid and brought to about pH 8 by addition of ammonia
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there was suspended a rusted piece of sheet iron. The
solution acquired an intense red color at those spots where
it contacted the rust which was dissolved. Thus, un-
rusting is also possible by means of an ammonium thio-
glycolate solution of such a low concentration if suf-
ficiently long exposure of the metal is provided. When
suspending a rust-free iron plate into such a solution,
the same is not discolored.

EXAMPLE 7

In a solution of 25 gms. of thioglycolic acid (98%) in
100 ml. of water, the rust of a rusted iron plate was dis-
solved in 6 minutes while the solution was hardly dis-
oolored. If some sodium hydroxide is previously added
to the solution to bring its pH to 9.5, 2 piece of sheet
iron could be unrusted with such a solution within the
same time. The solution acquired a deep violet color.
The same behavior is shown by an aqueous solution of
thioglycolic acid baving the same concentration and hav-
ing added thereto sufficient 25% ammonia to adjust the
pH to about 10.

EXAMPLE 8

A piece of rusted iron plate was placed into concen-
trated sulfuric acid. The Tust was dissolved irregularly
and had disappeared completely only after an exposure
of 1 hour. The loss in weight of the rusted iron plate
was 5.5%. Since a loss in weight of about 3% had to
be expected from dissolution of rust alone, some of the
jron metal must also have gone into solution. This is
also recognizable by inspection of the modified surface
of the iron plate.

EXAMPLE 9%

A piece of rusted sheet iron was suspended in 10%
sulfuric acid. The rust was dissolved irregularly with
vigorous evolution of hydrogen. After rust could no
Jonger be detected, the sheet was removed from the me-
dium, rinsed and dried. The loss in weight was 9.77%.

1t is clearly illustrated by tests 8 and 9 that when dis-
solving rust with sulfuric acid, not only rust but also
some metal is dissolved in addition.

EXAMPLE 10

Ethanolamine was added to an aqueous solution con-
taining about 25% of thioglycolic acid until the pH of
the solution was between 9 and 10. Then a piece of
rusted sheet iron was placed into the solution. The sofu-
tion acquired a deep violet color and the sheet was TUSt-
free after an exposure of 7 minutes. The loss in weight
was 3.1%.

EXAMPLE 11

5 gms. of thiomalic acid were dissolved in 40 ml, of
water and a piece of rusted iron plate was placed into the
solution. The plate was rustfree after an exposure of
15 minutes.

EXAMPLE 12

§ gms. of thiomalic acid
water and 10 ml, of 25%

were dissolved in 30 ml. of
ammonia were added to the
solution which had a weak alkaline reaction. A piece of
rusted sheet iron was placed into the solution. The solu-
tion acquired a deep violet color and the rust was com-
pletely dissolved after an exposure of 20 minutes.

EXAMPLE 13

Some thiosalicyclic acid was mixed with ammoniacal
liquor, the amounts being such that a solution of am-
monium thiosalicylate having a weak alkaline reaction
was obtained. A piece of rusted sheet iron was placed
into this solution which acquired a black-brown color
while the rust was dissolved slowly.

EXAMPLE 14

A piece of rusted sheet iron was placed into an am-
moniacal solution of thiobenzoic acid. The rust was slow-
1y dissolved while the solution acquired a dark color.
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EXAMPLE 15

Some thiophenol was mixed with anhydrous piperidine
and then a piece of tusted sheet iron was placed into the
mixture which acquired a red-brown color while the rust
was dissolved slowly.

In the same manner, thiophenol is capable of dissolv-
ing rust from a seriously rusted iron plate when some
ammonia gas is introduced into the thiophenol.

EXAMPLE 16

A small amount of ethyl mercaptan was mixed with
aqueous ammonia in a test tube and a piece of rusted
sheet iron was added thereto, After a short period of
time, the solution acquired a reddish color and the rust
went into solution.

EXAMPLE 17

2 ml. of thioglycol were mixed with 2 ml. of 10%
ammonia and a piece of rusted sheet iron was placed
into the solution which immediately acquired a red-brown
color while the rust was dissolved, the dissolution being
complete after about 30 minutes,

EXAMPLE 18

2 ml. of thioglycol were diluted with twice the amount
of absolute alcohol and the solution was mixed with
some piperidine. When a piece of rusted sheet iron was
suspended into the solution, it became clearly obvious
that the rust was dissolved.

EXAMPLE 19

2 ml. of thioglycol were diluted with twice the amount
of absolute alcohol and the solution was mixed with water
and piperidine. Then a piece of rusted sheet iron was
placed into the mixture which acquired a red-brown
color while the rust was dissolved slowly.

EXAMPLE 20

2 ml. of thioglycol were diluted with twice the amount
of absolute alcohol and some aqueous ammonia was
added to the solution. A piece of rusted sheet iron was
suspended into the solution which acquired a red-brown
color while the rust was dissolved.

EXAMPLE 21

A piece of rusted sheet iron was placed into thio-
glycolic acid nonyl ester. In doing so, the red-brown
rust acquired a dark color but was dissolved only slight-
ly. When a small amount of an organic base such as,
for example, piperidine was added to the solution, the
rust was dissolved and the solution acquired an intense
red-brown color. The sheet was free from rust after
an exposure of an hour.

EXAMPLE 22

2 ml. of thioglycolic acid nonyl ester were mixed with
twice the amount of methanol and the resultant solution
mixed with some piperidine. A piece of rusted sheet
jron was suspended into this solution which acquired
a deep violet color while the rust went into solution.
The sheet iron was rustfree after an exposure of 40 min-
utes. Alcohols in general, acetone and other organic
solvents may be used in place of methanol. In place of
piperidine, some ammonia could be passed into the solu-
tion or some ammoniacal liquor could be added thereto.
While two layers were obtained in the latter case, the
rust dissolved nevertheless in the thioglycolic acid nonyl
ester while a deep red color appeared.

EXAMPLE 23

2 ml. of thioglycolic acid methyl ester were diluted
with S ml. of methanol and mixed with some ethanol-
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amine. A piece of rusted sheet iron was placed into the
solution which acquired a red-violet color. The rust
was dissolved after an exposure of 1 hour.

EXAMPLE 24

200 mg. of cysteine hydrochloride were dissolved in
5 ml. of water and the solution was made alkaline by
adding some dilute ammonia. A piece of rusted sheet
jron was suspended into the solution which acquired a
deep violet color. The rust went into solution and was
completely removed after an exposure of 15 minutes.

EXAMPLE 25

A sufficient amount of a weakly ammoniacal ammo-
nium thioglycolate solution was added to 2 Tylose muci-
lage that the pasty Tylose solution contained about 10%
of ammonium thioglycolate. This solution was applied
to a rusty sheet iron by brushing and rinsed off after 5
to 10 minutes. Such a treatment is adequate for the
removal of rust in case of thin rust layers. In case of
thicker rust layers, the treatment must be repeated as
required.

What is claimed is:

1. A rust removing composition consisting of 0.1-
100% of an organic thiol compound having at least one
—SH group selected from the group consisting of mer-
captans, thio alcohols, thio acids, and salts of thio acids,
as active rust-removing ingredient, the remainder con-
sisting of a solvent selected from the group consisting
of water and alcohols.

2. A Tust removing composition according to claim 1
wherein said organic thiol compound is present in an
amount of 3-30%.

3. A rust Temoving composition according to claim 1
wherein said organic thiol compound is a thiol carboxylic
acid selected from the group consisting of thiosalicyclic
acid, thiobenzoic acid, thioglycolic acid, thiolactic acid
and thiomalic acid.

4. A rust removing composition according to claim 1
wherein said organic thiol compound is a salt of a thiol
carboxylic acid selected from the group consisting of thio-
salicyclic acid, thiobenzoic acid, thioglycolic acid, thio-
lactic acid and thiomalic acid.

5. A rust removing composition according to claim 1
wherein said organic thiol compound is thio glycolic acid.

6. A rust removing composition according to claim 1
additionally including an alkaline reacting compound
which when added to said composition produces a pH
of between 6 and 13.

7. A rust removing composition according to claim 1
additionally including an alkaline reacting compound
which when added to said composition produces a pH
of between 6 and 9.

8. A rust removing composition according to claim 6
wherein said alkaline reacting compound is a member
selected from the group consisting of sodium hydroxide,
potassium hydroxide, ammonia, lower alkanolamines, tri-
lower-alkylamines, pyridine and piperidine.

9. A tust removing composition according to claim 1
wherein said solvent is water.

10. A rust removing composition according to claim 1
wherein said solvent is an alcohol.

11, A Ttust removing composition according to claim 1
additionally including an inert thickening material selected
from the group conmsisting of talc, chalk, glue, pectin,
and methyl cellulose in an amount sufficent to impart
a paste-like consistency to said composition.

12. A method of removing rust from metallic iron-
containing articles comprising contacting such an article
with 2 rust removing composition, consisting of 0.1-
100% of an organic thiol compound having at least one
—SH group selected from the group consisting of mer-
captans, thio alcohols, thio acids, and salts of thio acids,
as active rust removing ingredients, the remainder if any
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consisting of a solvent selected from the group consist-
ing of water and alcohols.

13. Method according to claim 12 wherein said com-
position additionally includes an alkaline reacting com-
pound which when added to said composition produces a
PH of between 6 and 13.

14. Method according to claim 12 wherein said sol-
vent is water,

15. Method according to claim 12 wherein said sol-
vent is alcohol.

16. Method according to claim 12 wherein said com-
position is in the form of a paste.
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