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This invention relates to a composition of matter
which, when dissolved in water, provides an acid cleaner
for ferrous and non-ferrous metals and alloys. The sub-
ject cleaner is unique in that it will remove oxides, weld-
ing flux, carbonaceous materials, general shop scils and
certain plated metals (electrodeposited, peened or dip-
coated) without any significant attack, etching, or dis-
coloration of the base metal. The cleaning action pro-
vided by a solution of this composition is a thorough and
rapid solvent action on the soil, scale or plate being re-
moved.

In particular, this material has application where acid
pickling would ordinarily be considered necessary for the
removal of oxides or other substances, but where hydro-
gen embrittlement is a problem, as is the case in connec-
tion with many carburized or high carbon steel parts.

Many high sirength steels used in the military as well
as in industry, in general, are subject to very stringent
controls to avoid or eliminate hydrogen embrittlement in
the manufacture. The use of the present composition
on such steels, under conditions specified below, results
in parts with no detectable amount of hydrogen embrit-
tlement.

The inhibitive properties incorperated in this product
make possible the use of plain, low carbon steel con-
tainers and associated equipment for handling the com-
position in use, either in dry form or in aqueous solution.

Prior to my invention, the one method most preferred
in indusiry for the removal of oxides, welding flux, and
many other types of soils has been acid pickling. In
order to clarify the present disclosure, the following
definitions are offered for “acid pickling,” “hydrogen em-
brittlement” and “acid pickling inhibitors,” as those terms
are used herein.

(1) Acid pickling—A method of removing oxides

from iron and steel wherein the metal is held in an acid
solution for a period of time necessary to remove the
oxides. The acids usually preferred in the arts are sul-
furic, muriatic, or one of the stronger acid salts such as
sodium bisulfate or sulfamic acid. The concentration of
the acid used in water solution will vary depending on
facilities available and the type and thickness of the ox-
ides to be removed. The iron or steel to be cleaned is
usually contained in some type of high alloy steel barrel
or basket, or suspended by a cable or hook. The work
is lowered into the acid solution and remains until the
material is free of oxides. The acid solution is usually
contained in a tank lined with an acid resistant material
such as lead or neoprene.
" The action by which acid pickling proceeds is through
a corrosive attack upon, and dissolution of, the base metal
(iron or steel) under the oxides to be removed. When
sufficient base metal has been removed, the oxide or soil
falls free.

(2) Acid pickling inhibitors—Acid pickling inhibitors
are agents which, when added to an acid pickling bath,
retard the acid attack on the base metal below the soil
to be removed. Since the physio-chemical occurrences
involved in acid pickling constitute the dissolution of
base metal below the soil, the rate of removal of such
soil is reduced by the addition of inhibitors. Inhibitors
also diminish the severity of hydrogen embrittlement in
the base metal.

(3) Hydrogen embrittlement—Hydrogen embrittle-
ment is a phenomenon which occurs during the process
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of acid pickling of iron or steel. This condition pro-
ceeds as the acid pickling releases iron to the acid solu-
tion (oxidation) and the water breaks down, releasing
hydrogen (reduction). The hydrogen, at the instant it
is produced, is in the atomic form and may enter the
ijron or steel. Molecular hydrogen or, as some contend,
hydrocarbons are formed from this interstitial element
and the carbon in the steel, which leaves the iron or steel
in an embrittled state unless relieved.

Hydrogen embrittlement may be relieved by bringing
the iron or steel to a certain temperature for a period
of time (usually 375° F. for two hours within a period
of four hours after the embrittled condition has been
effected). There is, however, published evidence to show
that such treatment may not alleviate the embrittled con-
dition but that, under certain conditions, the embrittie-
ment may even be increased.

There are many objectionable features to acid pickling
ds a means of removal of oxides or other soils from
metals.

(1) The large amount of metal loss results in poor
control of metal size, over-etching, discoloration, and
rapid metal buiid-up in the solution (which decreases the
activity of the.acid solution) and consequent sludge for-
mation with certain acids.

(2) Severe corrosion problems in handling, in storage,
and in the utilization of the acid in solution necessitate
expensive resistant material for tank lining, piping, cranes
and hooks used in transporting the metal to and from
the acid solution.

(3) Extreme conditions of hydrogen embrittlement,
resulting from acid pickling, preclude the use of this
method of cleaning for certain types of metal and alloys
where such a condition would be deleterious to a finished
part.

(4) Immediate and thorough rinsing and neutralization
must follow any acid pickling operation of iron or steel,
in order to avoid the occurrence of severe rusting. Even
when extreme care is exercised, some quantity of rust will
always form during the transfer of the iron or steel from
the acid solution to the rinse.

(5) Acid pickling using inhibitors results in the saving
of base metal and acid solution; however, control of the
inhibitive properties of the pickling solution is difficult due
to the breakdown of most inhibitors with time and tem-
perature.

Electrolytic cleaning is a second method used to re-
move smut and light oxides from metals. The electro-
Iytic process employs a highly alkaline solution contained
in an insulated tank equipped with electrodes (usually
steel) and an insulated tumbling barrel or rack to hold
the metal parts to be cleaned. A direct electric current
source is attached to the electrodes and to the barrel or
racks containing the parts.

The electrolytic cleaning action, in the removal of smut
or other soils foreign to the base metal, is a mechanical
agitation (gas evolution) on the surface of the part being
cleaned resulting from the electrodecomposition of the
water in the alkaline cleaning solution. The parts to be
cleaned are either made anodic (anodic electrocleaning)
or cathodic (cathodic electrocleaning) depending on the
type of soil to be removed.

For the effective removal of oxides from iron or steel,
the parts to be cleaned by this electrolytic process must be
made cathodic (cathodic electrocleaning) in order that
reducing conditions shall exist on the surface of the metal.

Smut and non-metallic soils are removed from iron or
steel most efficiently by anodic electrocleaning.

There are objectionable features to electrolytic methods
of cleaning as a means of removal of oxides or other soils
from metals.

(1) Anodic electrocleaning will not remove oxides
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from metals such as iron or stee! and under certain con-
ditions (high concentration of alkaline cleaner, high tem-
perature, and high current densities) may even add to:
the oxide layer.

(2) Cathodic electrocleaning offers a serious disadvan--
tage, in the removal from iron or steel, of soils such as:
smut or other non-metallic thaterials since there is a ten--
dency to deposit, on the parts being cleaned, quantities of’
impurities, especially of a metallic nature, Also, hydrogen:
embrittlement will most certainly occur in parts cleaned
by this method.

(3) There is a comparatively large expense involved not;
only in the initial set-up and maintenance of electroclean-
ing equipment but also in the high cost of operation (elec~
trical power and cost of atkaline electrolytic cleaner).

The primary object of my invention is to overcome the
defects and disadvantages of previously-known substances
and procedures for cleaning metal parts by providing a:
dry composition which, when dissolved in water, will pro-
duce a strongly acidic cleaner for ferrous and non-ferrous:
metals and alloys, which will not attack, etch or discolor
any of the base metals, or components thereof, but will
attack or dissolve only the oxides or other soils ordinarity
encountered in industry.

A further object of my invention is to provide, for the:
purposes outlined, a dry composition composed essen-
tially of an acid (organic or inorganic) or acid salt such
as sodium bisulfate, sulfamic acid, monosodium acid
phosphate or disodium acid phosphate (96% to 87 % ) or
one of the fluorated organic acids, plus a ditertiary acety-
lenic glycol (0.25% to 1.0%), calcium silicate (0.4% to
1.0%), an alkylaryl sulfonate (3.0% to 10.0% ) and thio-
carbamide (0.25% to 1.0%) which when dissolved in
water, will attack and remove from a surface substantially
any coating or soil which is itself soluble in sulfuric acid.
Of the mentioned acids and acid-formers, sodium bisul-
fate and sulfamic acid are presently believed to be most
practical. :

A further object of my invention is to provide a highly
acidic solution for the removal of plated metals (namely,
zine, cadmium and chromium), either electrodeposited,
peened or dip-coated, from ferrous metals and alloys,
which solution produces no attack, etch or discoloration
of said base metal or alloys.

Still another object of the invention is to produce a
composition which, when dissolved in water, will remove
carbon smut from ferrous metals and alloys (deposited
through heat treatment or rolling operations) with no at-
tack, etch or discoloration to the base metal.

A further object of the invention is to provide a dry
composition which, in itself, is non-corrosive so that it
may be shipped, stored and handled in metal or fibre
drums, with or without a moisture-repellent liner, which
produces a highly-acidic solution when dissolved in water,
but which includes inhibitive components of such char-
acter that such a solution may be used in plain carbon
steel tanks and handling equipment without attacking such
tanks and/or equipment,

A still further object of the invention is to provide
methods of cleaning metal parts of various types, through
the properly-controlled use of solations of my novel com-
position.

Still further objects of the invention will appear as the
description proceeds.

To the accomplishment of the above and related ob-
jects, my invention may be embodied in the assembly of
the ingredients or their equivalents and in the steps de-
scribed in the following specification, attention being called
to the fact, however, that the specific composition and the
specific procedures described are by way of illustration
only and that changes may be made therein, so long as the
scope of the appended claims is not violated.

According to the present invention, the above-listed
objections and disadvantages of known procedures are
overcome through the use, in a manner to be described, of
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a compound whose optimum formula is as follows: So-
dium bisulfate 87% to 96%, diteriiary acetylenic glycol
0.25% to 1.0%, calcium silicate 0.4% to 1.0%, an alkyl
aryl sulfonate 3.0% to 10.0%, and thiocarbamide 0.25%
to 1.0%.

The percent of ditertiary acetylenic glycol and of thio-
carbamide may be used in excess of the range indicated
but to no advantage since inhibition is complete below
the maximum limits indicated. Percentages of either
below the minimum limits will result in a mixture not
completely inhibited against attack. These two materials
may also be used to inhibit other acids (organic and in-
organic) and acid salt mixtures such as sulfamic acid
(Hy;NHSO3), monosodium acid phosphate (NaH,PO,)
and disodium acid phosphate (Na,HPO,).

A typical formula and the one that I prefer is_as fol-
lows; each component being available, commercially, in
the form as indicated.

Ttem No. Material Percent by

Weight

Sodium bisulfate (NaHS0,) anhydrous—prilled.
Ditertiary acetylenic glyeol_____________ "
Caleium  silicate (Ca(SiOs)) anhydrous—fine

powder e -
An alkyl aryl sulfonate

©

4

GO wion

0.
0.
4
0.

Item No.—

(1) The crystallive form of sodium bisulfate mono-
hydrate (NaHSO,4 H,0) may be used. However,
the anhydrous prilled form is preferred to effect a
more homogeneous free flowing mixture. It con-
stitutes, of course, the acid-former of the com-
position.

{2) The ditertiary acetylenic glycol performs an in-
hibitive function in the composition and may be
any one of the several available to the art having
the following general structure:

R R
Rr——é-—CEC—('?-—Rl
br bm
R and Ry may be any of the alkyl groups such as
methyl, ethyl, propyl, butyl, iso-propyl; iso-butyl,
tertiary butyl, or combinations thereof ie., 3,6-di-
methyl-4-octyne-3,6-diol.

{3) Calcium silicate, Ca(SiO;3), anhydrous, is in a
very fine powder form and is incorporated as a
compounding aid and desiccant. The glycol is a
wax-like substance; and in order that it may be
used in the composition without damaging the
free-flowing characteristics thereof, it should be
dissolved in a volatile solvent from which, as the
solvent evaporates, it emerges as waxy balls or
beads. The powdery calcium silicate coats these
balls or beads to destroy the inherent tackiness of
the bead surfaces.

(4) The alkyl aryl sulfonate is the wetting agent.
There are several varieties available commercial-

ly but the one preferred is the 40% active. The -

* physical form is a fine flake or pellet.

(5) Thiocarbamide (thiourea), H,NCSNHS,, is pre-
ferred over any of the 1,3 substituted compounds
such as 1,3-diethyl or 1,3-di-iso-propyl. The
physical form is a fine crystal. This ingredient
also performs an inhibitive function in the com-
position. ’

The actual mechanism of inhibitor action is in con-
siderable disagreement. Undoubtedly, all materials pos-
sessing inhibitive properties, in an acid ‘bath, function in
the same general manner but not all because of the same
attributes. Since coordination bonding is involved, only
those metals of the periodic table which are capable of
forming the more stable coordination complexes are likely
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to be affected, in an acid bath, by materials called ligands
with certain attributes which contribute to the formation
of the aforementioned coordination complexes. The sta-
bility of the predominately covalent bonding character of
such complexes is determined by such attributes of the
ligand as charge, diapole moment, size, polarizability, elec-
tronic configuration and structure. Since ligands are the
donor atoms of the electrons shared covalently with the
central atom (Cu, Fe, Co, Ni etc.), elements such as
nitrogen, oxygen, and sulfur contained in the ligand are
the components of the molecule responsible for the forma-
tion of such complexes. This is the reason most inhibitors
(in an acid solution), for such materials as iron, contain
one or more of these last-named elements as part of their
structural configuration.

Thiocarbamide and the ditertiary acetylenic glycol both
fall in the class of materials described above as ligand
formers. Neither of them alone, however, in whatever
concentration, will produce complete inhibitive protec-
tion for the metal to be cleaned. When used in the
presence of each other, these two substances, even in
the relatively minute quantities suggested above, enter
into a mutual coaction which does result in such com-
plete inhibitive protection. I presently believe that this
effect can be explained upon the following theory.

The part of the inhibitive properties contributed by the
thiocarbamide (thiourea), or any of the substituted higher
molecular weight compounds of that family, is due to the
formation of a coordination compound with the unoxi-
dized iron (or other base metal) under the oxidized sur-
face layer. This compound may exist as a polymer, mono-
molecular in thickness, but quite uniformly distributed
over the entire surface of clean, unoxidized metal. This
surface condition is semi-impervious to the acid (within
a certain temperature range) since the outermost atoms
of the metal are not at all times ifree to react with the
acid.

The ditertiary acetylenic glycols, also, are capable of
forming coordination bonds. These are formed with the
metal atoms not bonded by the thiocarbamide. These
glycols, being relatively large molecules, now fill open-
ings in the previously mentioned monomolecular layer on
the clean metal. The inhibition is now complete on the
unoxidized metal, leaving only the oxides or other coat-
ings to be attacked by the acid solution. Inhibitors will
not combine with the oxidation products of the metal be-
causs of electrostatic repulsion.

'This inhibited protective surface condition will re-
main on the metal part until it is rinsed thoroughly in hot
water.
sample, cleaned in my novel composition but not rinsed,
to a humidity corrosion test. The specimen will with-
stand extended exposure with no evidence of corrosion,
even with the heavy coating of acid salt from the clean-
ing soluticn adhering to the surface.

Optimum equipment for compounding my novel com-
position is the cominon powder type mixer, such as a
“ribbon” type, with a means for loading and unload-
ing. Adequate ventilation should be provided to remove
vapor and dust as the mixer is operating.

The sodium bisulfate is first introduced into the mixer
and the machine is operated to break up ail Jumps and
provide a free flowing form. The ditertiary acetylenic
glycol is dissclved in a minimum amount of trichloro-
ethylene or similar solvent. This saturated solution is
added to the sodium bisulfate in the mixer and mix-
ing is continued until all the bisulfate is coated with the
ditertiary acetylenic glycol and the solvent has been
evaporated. The anhydrous calcium silicate is then added
to effect a dry, free flowing mixture. ext, the wetting
agent (an alkyl aryl sulfonate) is added and the thiocarb-
armide is added last. The mixer is opzrated until sub-
stantial homogeneity is attained. The prcduct is pack-
aged in fibre or steel drums, with a polyethylens liner if
desired to protect the composition against moisture.

This may be demonstrated by exposing a steel
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Examples

The following applications of my novel composition
have been successfully demonstrated in the laboratery
and the results substantiated by industrial usage over a
period of time sufficient to establish commercial uni-
formity and excellence of results. These applications are
many and varied but, in general, they may be groupad
as follows.

(1) This product may be used for the removal, from
ferrous metals and alloys, of oxides of all types, carbon
smut, drawing compounds, many dyes and stains, phos-
phate coatings, and plated metals (electrodeposited, dip-
coated or peened). The plates most successiully re-
moved are zinc, cadmium and chromium.

The metal parts my be suspended in the solution, with
or without agitation, until the soil is removed; or they
may be contained in a perforated type barrel which is
rotated in the cleaning solution.

The requirements of concentration and temperature
are factors which will vary depending on the amount and
type ©of soil to be removed. In general, however, the
concentration and temperature ranges found to be ade-
quate are as follows.

Concentration—8 to 48 ounces of composition per
gallon of aqueous solution.
Temperature—room to 165° Fahrenheit.

Most of the ingredients of my composition are readily
scluble in water at the temperatures herein specified;
but, when this composition is mixed with water in the
concentraitons and at the temperatures herein described,
the inhibitors exist in a state of molecular hydration
which would be more accurately described as a dispersion
or colloidal suspension. The term “sclution,” as used in
the present specification and in the claims appended here-
to, is intended to include such a partial solution and
partial dispersion or suspension as has just been ex-
plained,

A solution of any concentration is totally inhibited
to attack on any feirous metal or alloy below a tem-
perature of 165° F. At these low temperatures, the acid
solution dissolves the oxide or other unwanted coating;
but when the base metal surface is exposed to the soiu-
tion, the above-described protective film is instantane-
ously formed thereon to prevent acid attack upon the base
metal. At temperatures significantly above 165° F.,,
some slight etching of the base metal surface will occur.

(2) My composition may be used as a descaling medi-
um for bright barrel finishing of ferrous metals and alloys
employing matural ‘or bonded stones or chips.

Concentration—2 to 16 ounces of composition per
gallon of aquecus solution.
Temperature—room to 160° Fahrenheit.

(3) Anodized coatings, dyed or chromate sealed, on
aluminum and aluminum alloys are removed by simple
immersion in a solution of my composition.

Concentration—16 to 32 ounces of dry composi-
tion per gallon of agueous solution.
Temperature—160°~180° Fahrenheit.

I claim as my invention:

1. A composition of matter for surface-cleaning metals,
comprising an acid which is normally corrosive to the
metal to be cleaned, a first inhibitor consisting of a diter-
tiary acetylenic glycol having the general structure:

T ¥
R1—C—C=C—C—Ry
o oH

in which R and R, are alkyl groups selected from the
group consisting of methyl, ethyl, propyl, butyl, isopropyl,
isobutyl, tertiary butyl and combinations thereof, and
which, in a solution of such acid and in the presence of
the metal to be cleaned, produces one type of coordina-




3,114,657

7

tion complex adherent to the metal to be cleaned as a:’

thin film resistant to such acid, a second inhibitor se-
lected from the group consisting of thiocarbamide, 1,3-di-
ethyl thiocarbamide and 1,3-diisopropyl thiocarbamide:
and which, in a solution of such acid and in the presence:
of the metal to be cleaned, produces a different type of
coordination complex adherent to the metal to be cleanced
as a thin film resistant to such acid, and a desiccant.

2. A composition of matter for surface-cleaning metals,
comprising a dry and substantially homogeneocus, free-
flowing mixture consisting essentially of an acid-forming
solid which, when dissolved in water, is corrosive to the
metal to be cleaned, a first solid inhibitor consisting of 2
ditertiary acetylenic glycol having the general structure:

0
R1—(IJ—CEC—?—R1
OH oI

in which R and Ry are alkyl groups selected from the
group consisting of methyl, ethyl, propyl, buty}, isopropyl,.
isobutyl, tertiary buty! and combinations thereof, and
which, in such a solution and in the presence of the
metal to be cleaned, produces one type of coordination
complex adherent to the metal to be cleaned as a thin
film resistant to such acid, a second inhibitor selected
from the .group consisting of thiocarbamide, 1,3-diethyl
thiocarbamide and 1,3-diisopropyl thiocarbamide and
which, in such a solution and in the presence of the metal
to be cleaned, produces a different type of coordination
complex adherent to the metal to be cleaned as a thim
film resistant to such acid, and a dry desiccant.

3. A composition of matter for surface-cleaning metals,
comprising a dry and substantially homogeneous, free-
flowing mixture consisting essentially of an acidic sub-
stance selected from the group consisting of sodium bi-
sulfate, sulfamic acid, monosodium acid phosphate, di-
sodium acid phosphate and the dry fluorinated organic
acids; together with a ditertiary acetylenic glycol, thio-
carbamide, calcium silicate and an alkyl aryl sulfonate.

4. A composition of matter for surface-cleaning metals,
comprising a dry and substantially homogeneous, free-
flowing mixture consisting essentially of sodium bisulfate,
a ditertiary acetylenic glycol, thiocarbamide, calcium
silicate and an alkyl aryl sulfonate.

5. A composition of matter for surface-cleaning metals,
comprising a dry and substantially homogeneous, free-
flowing mixture consisting essentially of sodium bisulfate
86% to 87%, a ditertiary acetylenic glycol 0.25% to
1.0%,. thiocarbamide 0.25% to 1.09%, calcium silicate
0.4% to 1.0% and an alkyl aryl sulfonate 3.0% to 10.0%.

6. A composition of matter for surface-cleaning metals,
comprising a dry and substantially homogeneous, free-
flowing mixture consisting essentially of sodium bisulfate
94.5%, a ditertiary acetylenic glycol 0.5%, thiocarbamide
0.5%, calcium silicate 0.5% and an alkyl aryl sulfonate
4.0%.

7. A cleaning bath for dip-cleaning of oxides, coating
metals, shop soils and the like from: ferrous metals and
alloys, comprising an aquecus solution of the composi-
tion of claim 1 in a concentration of 8 to 48 ounces of
composition per gailon of solution.

8. A cleaning bath for dip-cleaning of oxides, coating
metals, shop soils and the like from ferrous metals and
alloys, comprising an aqueous solution of the composi-
tion of claim 3 in a concentration of 8 to 48 ounces of
composition per galion of solution. .

9. A cleaning bath for dip-cleaning of oxides, coating
metals, shop soils and the like from ferrous metals and
alloys, comprising an agqueous solution of the composition
of claim 5 in a concentration of 8 to 48 cunces of com-
position per gallon of solution.

10. A cleaning bath for dip-cleaning of oxides, coating
metals, shop soils and the like from ferrous metals and
alloys, comprising an aqueous solution of the conmposi-
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tion ‘of claim 6 in a concentration of § to 48 ounces of
composition per gallon of solution.

11. A cleaning bath for use as a descaling medium for
bright barrel finishing of ferrous metals and alloys em-
ploying stones or chips as the abrasive medium, compris-
ing an aqueous solution of the composition of claim 1
in a concentration of 2 to 1§ ounces of composition per
gallon of solution,

12. A cleaning bath for use as a descaling medium for
‘bright barrel finishing of ferrous metals and alloys em-
Pploying stones or chips as the abrasive medium, compris-
ing an agueous solution of the composition of claim 3
in a concentration of 2 to 16 ounces of composition per
gallon of solution.

13. A cleaning bath for use as a descaling medium
for bright barrel finishing of ferrous metals and alloys
employing stones or chips as the abrasive medium, com-
prising an aqueous solution of the composition of claim
5 in a concentration of 2 to 16 ounces of composition per
gallon of solution.

14. A cleaning bath for use as 2 descaling medium
for bright barrel finishing of ferrous metals and atloys
employing stones or chips as the abrasive medium, com-
prising an aqueous solution of the composition of claim
6 in a concentration of 2 to 16 ounces of composition
per gallon of solution.

15. A cleaning bath for dip-cleaning of anodized coat-
ings from aluminum and aluminum alloys, comprising an
aqueons solution of the composition of claim 1 in a con-
«<entration of 16 to 32 ounces of composition per gallon
-of solution.

16. A cleaning bath for dip-cleaning of anodized coat-
ings from aluminum and aluminum alloys, comprising an
aqueous solution of the composition of claim 5 in a con-
«centration of 16 to 32 ounces of composition per gallon
of sotution.

17. A cleaning bath for dip-cleaning of anodized coat-
ings from aluminum and aluminum alloys, comprising an
aqueous solution of the composition of claim 6 in a con-
centration of 16 to 32 ounces of composition per gallon
of solution.

18. The method of dip-cleaning oxides, coating metals,
shop soils and the like from ferrous metals and alloys
without etching of the base metal, which comprises the
steps of immersing the piece to be cleaned in an aqueous
solution of the composition of claim 6 in a concentration
of 8 to 48 ounces of composition per gallon of solution,
while maintaining the temperature of the solution within
the range between room temperature and 165° F., re-
moving the piece from the solution after cleaning is com-
plete, and rinsing the piece thoroughly with hot water.

19. The method of descaling ferrous metals and alloys
for bright barrel finishing thereof without etching of the
base metal, which comprises the steps of tumbling the
piece to be cleaned, in contact with stones or chips, while
immersed in an aqueous solution of the composition of
claim 6 in a concentration of 2 to 16 ounces of composi-
tion per gallon of solution, while maintaining the tem-
perature of the solution within the range between room
temperature and 160° F,

20. The method of cleaning anodized coatings from
aluminum and aluminum alloy pieces without significantly
etching the base metal, which comprises the steps of im-
mersing the piece to be cleaned in an aqueous solution
of the composition of claim 6 in a concentration of 16
to 32 ounces of composition per gallon of solution, while
maintaining the temperature of the solution within the
range between 160° F. and 180° F., removing the piece
from the solution after cleaning is complete, and rinsing
the piece thoroughly with hot water.
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