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This invention relates to compositions and methods for 
cleaning metal surfaces and more particularly relates to 
compositions and methods for cleaning metal surfaces 
after they have been subjected to a forming operation. 

In the art of metal deforming, such as metal drawing, 
cold forming operations, and the like, a chemical coat 
ing, such as a phosphate coating, is customarily provided 
on the metal surface to be deformed. Before the thus 
coated metal surface is subjected to the deforming op 
eration, an additional lubricant material, such as a fatty 
acid soap may be applied over the phosphate coating. 
This combination of phosphate coating and soap lubricant 
has been found to provide particularly effective lubrication 
for the metals during the various deforming operations. 
Once the deforming operation has been completed, the 

resulting metal article is generally subjected to an an 
nealing or a ?nishing operation. Typical ?nishing op 
erations include plating, the application of corrosion resist 
ant or decorative coatings, bu?ing, polishing, and the like. 
For the most part, the success of these subsequent ?nish 
ing operations depends to a great extent on having the 
surface of the formed metal article substantially clean. 
Since appreciable quantities of the lubricant composition 
ordinarily remain on the metal surface following a de 
forming operation, a cleaning operation is generally neces 
sary before the ?nishing operation can be e?ected. 

Ideally, such cleaning operations are carried out sub 
stantially automatically, with little or no hand operations 
required. However, because of the diverse nature of the 
materials to be removed from the metal surface, e.g., 
phosphate coatings and drawing lubricants, as well as oil, 
grease, and similar contaminants, di?'iculties have fre 
quently been experienced in the past in obtaining a clean 
ing composition which is effective in removing all of these 
materials in a simple immersion or spray cleaning opera 
tion. Inasmuch as many of the metal deforming opera 
tions are carried out in a substantially continuous man 
ner, it is very desirable that any cleaning operations also 
be effected substantially continuously over as short a 
period of time as possible. Heretofore, this has not al- . 
ways been possible and multiple cleaning operations utiliz 
ing different cleaning compositions, have sometimes been 
required. Accordingly, up to the present time it has not 
been generally possible to effect removal of materials such 
as phosphate coatings, drawing lubricants, oil, grease and 
the like in a single cleaning operation, using only one 
cleaning composition, at a cost which was commercially 
attractive. 

It is, therefore, an object of the present invention to 
provide a novel cleaning composition which is effective in 
removing diverse materials such as phosphate coatings, 
soap lubricants, oil, grease and the like from metal sur 
faces. 
Another object of the present invention is to provide a 

novel cleaning process whereby phosphate materials, 
soaps, oil, grease and the like are quickly and easily re 
moved from metal surfaces. 
A further object of the present invention is to pro 

vide a novel cleaning composition which has a long stor 
age life and which is relatively simple to formulate. 
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A still further object of the present invention is to 

provide a novel cleaning composition which may be 
utilized in various cleaning processes, including both im 
mersion and spray type cleaning. 

These and other objects will become apparent to those 
skilled in the art from the description of the invention 
which follows. 

Pursuant to the above objects, the present invention 
includes a novel composition which, when dissolved in 
water, forms an alkaline solution, which composition com 
prises an alkali mwl hdroxie, ‘an oxidizing agent, a 
polyethylene glyco type ionionic surface active agent, 
a'rid a gluconic acic mater al. As indicated hereinabove, 
this composition, when dissolved in water, forms an 
alkaline solution which is effective in cleaning metal sur 
faces, and is particularly effective in removing phosphate 
materials, soaps, oil, grease and the like, from metal sur 
faces such as iron, steel, zinc, alloys containing these 
metals and the like. 
More speci?cally, the solid cleaner composition of the 

present invention may contain an oxidizing agent in an 
amount su?icient to provide oxidizing ability equivalent 
to that of hexavalent chromium ions present in an amount 
from about 0.009 to about 0.6 percent by weight of the 
composition, a_ luconic acid material in an amount with 
in the range of about i to about 37 percent by weight of 
the total composition’a'fia a polyethylene glycol type non 
ionic surface active agent inmthe range 
of about 0.05 to about 18 percent by weight of the total 

. fw- . . 

composition, with the balance of the composition to make 
substantially 100 permng substantially an alkali 
metal hydroxide. Generall the alkali metalmwxide 
will” Be present in the compgsitionwirimavmwougtgwithig the__ 

' c u OQUEIEEQM b ,weishtnt the 
to‘tar'coinposition. Additionally, it will be appreciated 
thaf other materials which are not detrimental to the 
composition or the cleaning obtained may also be included 
in the dry, solid composition to make up to 100%. In 
any event, it is preferred that the amounts of substituents 
used in making up this solid composition should not be in 
excess of the solubilities of the materials in the aqueous 
solution, considered with respect to the amounts of the 
other substituents also present. The alkali metal hy 
droxide which makes up the major portion of the above 
composition is preferably sodium hydroxide. However, 
hydroxides of the other alkali metals, e.g., potassium, 
lithium, cesium and rubidium, may also be used to ob 
tain comparable results. Moreover, it has been found that 
in some instances, as for example, where the cleaning 
composition is to be utilized in a spray cleaning opera 
tion, it may be preferable to use potassium hydroxide 
rather than sodium hydroxide. Inasmuch as sodium 
hydroxide is preferred in most instances, however, pri 
mary reference hereinafter will be made thereto. This 
is not, however, to be taken as a limitation on the alkali 
metal hydroxide which may be used in the present com 
position, but merely as being exemplary of such alkali 
metal hydroxides. 

Various oxidizing agents, both organic and inorganic, 
have been found to be suitable for use in the present com 
position. Exemplary of oxidizing agents which may be 
used are the perman ana'tes, molybdates, perborates, per 
oxides, chlom iodates, perchlorates, nitrites, 
hypochlorites, chromates and bichromates. These ma 
terials are conveniently utilized in the form of a metallic 
saltlprcfcrahlyau alkalimetalsalt, suchjsasodiumalt, 
although the other alkali metal salts enumerated herein 
above may also be used‘: Other oxidizing agents which 
may be used include chromic acid, picric acid, ortho 

Examine‘ 
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nitrochloro benzene-p-sulfonic acid, m-nitrobenzoic acid 
and sodium meta-nitrobenzene sulfonate. Of the above 
oxidizing agents, sodium meta-nitrobenzene sulfonate and 
the strong inorganic oxidizing agents, such as those in 
which hexavalent chromium provides the oxidizing power 
are preferred. Speci?c examples of such preferred hexa 
valent chromium oxidizing agents are chromic acid, so 
dium chromate, sodium bichromate, and the like. 
The lglllc?nicaeidematerials which may be used in 

the Fesent composition include gluconic acid itself, 
the alkali gluconates such as sodium gluconate, glucono 
delta-lactone and the like. By the term “gluconic acid 
materials” it is intended to include materials such as 
those set forth speci?cally hereinabove as well as other 
materials which form gluconic acid and/or the alkali 
metal gluconates, in situ when placed in solution. 

"y-‘T'h? polyethylene glycol type nonionic surface active 
agents which may be used in the subject composition 
include various polyethylene glycols having molecular 
weights from about 200 to about 20,000. Of these, 
polyethylene glycol having a molecular weight of about 
4000, e.g., Polyethylene Glycol 4000, has been found to 
give excellent results and is preferred. Other polyethyl 
ene glycol type materials which may also be used in 
clude Polyethylene Glycol 1000, Polyethylene Glycol 200, 
Polyethylene Glycol 2000, Polyethylene Glycol 20M, 
Polethylene Glycol 6000 and the like. 
A speci?cally preferred composition is one containing 

the following substituents in the amounts indicated: 

Substituent: Percent 
Sodium hydroxide ___________________ .._ 88-89 

Sodium gluconate ___________________ __ 8.5 

Polyethylene Glycol 4000 ____________ __ 1.6 
Chromic acid or sodium chromate _____ __ 0.9-1.6 

For use in cleaning, the compositions as described here 
inabove are desirably formulated into aqueous solutions 
with which the metal surfaces to be cleaned may be 
brought into contact. These aqueous solutions are pref 
erably formed by dissolving the above solid compositions 
in water so as to form a solution containing an alkali 
metal hydroxide in an amount of at least 0.3 percent by 
weight of the total solution (3 grams per liter), a gluconic 
acid material in an amount of at least about 0.1 per 
cent by weight of solution (1 gram .per liter), polyethylene 
glycol type of nonionic surface active agent in an amount 
of at least about 0.01 percent by weight of the total 
solution ‘(0.1 gram per liter) and an oxidizing agent in an 
amount su?icient to provide oxidizing ability equivalent 
to that obtained from hexavallent chromium ions present 
in amount of at least about 0.002 percent by weight of the 
total solution (.02 gram per liter). Preferably, the 
aqueous cleaning solution formed contains sodium hy 
droxide in an amount within the range of about 4 to 
about 20 percent by weight of the total solution, sodium 
gluconate in an amount within the range of about 0.4 
to about 1.5 percent by weight of the total solution, Poly 
ethylene Glycol 4000 in an amount within the range of 
about 0.01 to about 0.8 percent by weight of the total 
solution, and an oxidizing agent in an amount sut?cient 
to provide the oxidizing ability equivalent to that ob 
tained from hexavalent chromium ions present in an 
amount within the range of about 0.002 to about 0.03 
percent by weight of the total composition. Where the 
oxidizing agent used is the preferred chromic acid, the 
cleaning solution preferably contains this material in an 
amount within the range of about 0.005 to about 0.05 
percent by weight of the total solution. The aqueous 
alkaline cleaning solution is preferably made up in con 
centrations within the range of about 5 to about 230 grams 
of the solid composition per liter of solution, with con 
centrations within the range of about 55 to about 80 
grams per liter being preferred. One preferred aqueous 
alkaline cleaning composition has a concentration of 
about 60 grams per liter and contains the following 
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4 
substituents in the amounts indicated: sodium hydroxide 
53.5 grams per liter, sodium gluconate 5 grams per liter, 
Polyethylene Glycol 4000, 1 gram per liter and chromic 
acid 0.5 gram per liter. 

In using the aqueous cleaning solution of the present 
invention, the solution is maintained at an elevated tem 
perature above room temperature, and, where a soap or 
fatty acid lubricant is to be removed from the metal 
surface to be cleaned, preferably at a temperature above 
the melting point of such lubricant. Temperatures within 
the range of about 150 to about 210 de recs F. are typical 
of those which mam within the 
range of about 185 to about 210 degrees F. being pre 
ferred. It will ‘be appreciated, however, that lower tem 
peratures, e.g., 100 degrees F. or even lower, as well 
as higher temperatures, e.g., up to the boiling point of the 
cleaning solution may also be used in some instances 
with comparable results. 
To e?ect cleaning, the metal surface to be cleaned 

is contacted with the heated cleaning solution for a period 
of time sufficient to effect substantially complete removal 
of the undesirable surface materials from the metal, such 
as phosphate materials, soap and fatty acid lubricants, 
oil, grease and the like. For many cleaning operations, 
contact times of from about 30 seconds to about 3 min 
utes have been found to be typica . ' us y, in some 
instances shorter contact times e.g., 10-15 seconds may 
also be used while longer contact times e.g., ?ve minutes 
or more, may similarly be used particularly where the un 
desirable surface materials to be removed adhere strongly 
to the surface. If desired, the metal surface to be cleaned 
may be alg'ta-ted while in contact with the cleaning solu 
tron, which agitation may, in many instances, materially 
reduce the contact time required. 
Many of the methods well known in the art may be 

used to effect contact of the metal surface to be cleaned 
with the alkaline cleaning solution. For example, con 
‘tact may be accomplished by immersing the metal to be 
cleaned in containers or tanks containing the heated 
alkaline cleaning solution. Alternatively, spray clean 
ing techniques may be used, wherein the surface of the 
metal article to be cleaned is contacted with a pressure 
spray of the alkaline cleaning solution, at an elevated 
temperature. As has been indicated hereinabove, for 
this type of cleaning procedure, the cleaning solutions of 
the present invention may desirably be formulated using 
potassium hydroxide, rather than sodium hydroxide. Ad 
ditionally, if excessive foaming becomes a problem when 
utilizing spray cleaning techniques, various anti-foaming 
materials may .be added to the cleanvmh 
meum solvents, silicones, higher alcohols, apti 
foamin' surfactants, insolubilizing salts, and the like as 
m in the art. These and other adjuvants 
may be present in amounts up to about 25% of the 
total dry solid composition. Another cleaning procedure 
which may be used with the cleaning composition of the 
.present invention is that utilizing a tumbling barrel. 

While there are other cleaning compositions which 
are effective in removing some types of surface residues 
from metals, none has been found other than the present 
composition, are effective on phosphate coatinm, lubri 
cants, oil, grease and the like, particularly in terms of 
the very rapid removal obtained with this composition. 
It is believed that the details of the above and similar 
processes for contacting the work pieces to be cleaned 
with the cleaning solution, thereby to elfect cleaning there 
of, and the apparatus used in these methods, are su?icient 
1y well known to those in the art that further description 
of such processes and equipment is not necessary. 

In order that those skilled in the art may better under 
stand the present invention and the manner in which it 
may be practiced, the following speci?c examples are giv 
en. In these examples, unless otherwise indicated, the 
temperatures are in degrees Fahrenheit and parts are by 
weight. 



3,293,148 
5 

EXAMPLE 1 

A cleaning composition was formulated by combining 
the following substances in the amounts indicated: 

Parts by weight 
Sodium hydroxide ___________________________ __ 89 

Sodium gluconate __________________________ __ 8.5 

Polyethylene Glycol 4000 ____________________ __ 1.6 
Chromic acid _ 0.9 

From this composition, an aqueous alkaline cleaning 
solution was formulated by admixing the composition with 
water at the rate of 60 grams of the solid composition per 
liter of water. This alkaline cleaning solution contained 
the following materials in the concentrations indicated: 

Grams/liter 
Sodium hydroxide __________________________ __ 53.5 

Sodium gluconate __________________________ __ 5.0 

Polyethylene Glycol 4000 ____________________ __ 1.0 
Chromic acid _____________________________ __ 0.5 

EXAMPLE 2 

The aqueous alkaline cleaning solution, as prepared in 
Example 1, was tested for its cleaning effectiveness. The 
work pieces to be cleaned were cold-rolled, unpolished 
steel panels which had been pickled for ten minutes at 170 
degrees F. in a sulfuric acid pickle and then had been 
given a zinc phosphate coating, followed by a neutralizing 
rinse and application of a lubricant ?lm of a stearate soap. 
The alkaline cleaning solution of Example 1 was heated to 
a temperature of about 190 degrees F. and the‘ steel panels 
to be cleaned were immersed in the cleaning solution for a 
period of about 2 minutes. Upon removing the panels 
from the cleaning solution they were found to be substan 
tially free of all residue, and showed a very bright, clean 
metal surface. 

EXAMPLE 3 

The cleaning procedure of Example 2 was repeated with 
the exception that the test panels to be cleaned were coated 
with a mineral cutting oil in addition to the phosphate and 
soap coating. As in the previous example, after removing 
the panels from the cleaning solution, they were found to 
be of a very bright, clean metal surface, substantially free 
of residue. 

In the following examples, aqueous cleaning solutions 
were formulated as in Example 1 with the exception that 
different materials and amounts were used, as indicated 
herein below. 
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minutes. Additionally, the metal test pieces cleaned were 
both steel panels and steel tubing, which test pieces had a 
combined weight of coating materials from about 1800 to 
about 2900 milligrams per square foot. In each of these 
instances, after removal of the metal work piece cleaned 
from the hot alkaline cleaning solution, the work piece 
was found to be substantially free of residue and had a 
very bright, clean metal surface. 

EXAMPLE 21 

A cleaning composition was formulated by combining 
the following in the amounts indicated: 

Parts by weight 
Sodium hydroxide ___________________________ __ 40 

Potassium hydroxide _________________________ __ 20 

Sodium meta-nitro benzene sulfonate ____________ __ 4 

Polyethylene Glycol 4000 _____________________ __ 8 
Sodium gluconate ____________________________ __ 28 

From this composition, aqueous alkaline cleaning solu 
tions were formulated by admixing the composition with 
water at the rate of 20, 10 and 5 pounds per 100 gallons. 
These solutions contained the following concentrations of 
the materials indicated: 

Grams/liter 

20#/100 gal. l0#/100 gal. 5#/100 gal. 

Sodium hydroxide ________ __ l0. 0 5. 0 2. 5 
Potassium hydroxide ..... ._ 5. 0 2. 5 1. 25 
Sodium meta-nitro ben 
zene sulfonate __________ __ 1. 0 0. 5 O. 25 

Polyethylene Glycol 4000-.. 2. 0 1. 0 0. 5 
Sodium gluconate ________ ._ 7. 0 3. 5 1. 75 

These solutions were tested for cleaning effectiveness in 
the manner set forth in Examples 2 and 3. In each in 
stance the metal panel removed from the cleaning solution 
had a very bright, clean metal surface which was substan 
tially free from residue. 

EXAMPLE 22 

Two liters of an alkaline cleaning solution having the 
composition as described in Example 1 were formulated. 
This cleaning solution was heated to a temperature of 190 
degrees F. and a total of 200 square feet of steel tubing, 
coated with the phosphate, sodium stearate soap, and oil, 
as described in Examples 2 and 3 was passed through the 
cleaning solution, the average contact time of each tube in 

Solution Alkali Metal Nonionic Surface 
Example Conoen- Hydroxide, Gluconic Acid Ma- Oxidizing Agent, g.ll. Active Agent, 

tration, g./l. terial, g.ll. g./l. 
g./1 

56 NaOH-50.---- Na gluconate 5 ____ __ NagCrO4-0,25 ___________ ._ PEG 4000-1.1 
56 NaOH-50 ________ "do _____________ __ Na;CrO4-0,5 ____________ __ PE G 4000-1.‘ 
56 NaNOg-n s PEG 4000-1. 
66 NaNOz-IO ______________ __ PEG 4000-1. 
56 Na metanitro benzene PE G 40004. 

sulionate-025. 
66 Na metanitro benzne PEG 40004. 

sulfonate-IO. 
58 Naomi-2.5 _____________ _- PEG 4000-1. 
66 NaClO3-1o PEG 4000-1. 
57 Nazog-l _ PEG 4000-1. 
66 N?zOg-l? PE G 4000-1. 
46 ___do _____________ __ Grog-0.5 ________________ __ PEG 4000-1. 

61 Gluconic Acid-10- _ _ (Eros-0.5.. __ PE G 4000-1. 
59 NaOH-50..-.. Gluclnic Acid-5"-.. CrO;—0.5__-_ PEG 2000-4. 
57 NaOH-50 ________ __do _____________ __ Ci-0r0,5_,__ PEG 6000-2. 
56 .5 PE G 20M-1. 
56 PE G 4000-1. 

110 PE G 4000-1. 

1 Polyethylene glycol. 

The alkaline cleaning solutions of Examples 4 to 20 
were tested for cleaning effectiveness in the manner set 
forth in Examples 2 and 3. In these tests, the temperature 
of the alkaline cleaning solution varied within the range of 
about 190 to about 210 degrees Fahrenheit and the immer 

70 the solution being about two minutes. After each 10 to 20 
square feet of tubing had been cleaned, the solution was 
replenished by adding the solid cleaner composition as 
described in Example 1, a total of about 187 grams of 
cleaner being added during the course of the cleaning of 

sion times used were from about 30 seconds to about 5 75 the 200 square feet of tubing. Upon removing the tubing 
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from the cleaning solution, it was found to be substantially 
free of residue and to have a very bright, clean metal sur 
face. Additionally, no perceptible di?erence in cleanliness 
of the tubing was noted after cleaning of 1, 60, 130, 150 
and 200 square feet of tubing. 
From the above, it is seen that the alkaline cleaner of 

the present invention is highly effective in removing un 
desirable surface contaminants, such as phophate coatings, 
soap lubricants, oil, and the like, from metal surfaces. 
This composition has been shown to be effective for ex 
tended periods of use, with only periodic replenishing of 
the cleaner composition in the alkaline cleaning solution. 
Moreover, it has been found that the dry solid cleaner 
composition is easily formulated and has an excellent shelf 
life, exhibiting little or no evidences of caking even after 
six months or more of storage. Additionally, with regard 
to Examples 4 through 13, it is to be noted that the oxid 
izing power of the oxidizing agents used in these examples, 
in the amounts shown, are substantially equivalent to the 
oxidizing power of chromic acid in an amount Within the 
range of about 0.005 to about 0.05 percent by weight of 
the total alkaline cleaning solution, which is equivalent to 
the oxidizing power of the hexavalent chromium ion in an 
amount in the range of about 0.002 to about 0.03 percent 
by weight of the alkaline cleaning solution. 

While there have been described various embodiments 
of the invention, the compositions and methods described 
are not intended to be understood as limiting the scope of 
the invention as it is realized that changes therewithin are 
possible. It is further intended that each element recited 
in any of the following claims is to be understood as refer 
ring to all equivalent elements for accomplishing substan 
tially the same results in substantially the same or equiv 
alent manner, it being intended to cover the invention 
broadly in whatever form its principle may be utilized. 
What is claimed is: 
1. A method of cleaning steel surfaces which comprises 

contacting the surface to be cleaned with an aqueous 
alkaline solution consisting essentially of at least about 0.3 
percent by weight of the solution of an alkali metal hy 
droxide, an oxidizing agent in an amount suf?cient to pro 
vide oxidizing power equivalent to that of hexavalent 
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chromium ions in the amount of at least about 0.002 per 
cent by weight of the solution, at least about 0.1 percent 
by weight of the solution of a gluconic acid material and at 
least about 0.01 percent by weight of the solution of a 
polyethylene glycol having a molecular weight within the 
range of about 200 to about 20,000. 

2. A method of cleaning steel surfaces which comprises 
contacting the surface to be cleaned with an aqueous 
alkaline solution consisting essentially of from about 4 to 
about 20 percent by weight of an alkali metal hydroxide, 
an oxidizing agent in an amount su?icient to provide oxi 
dizing power equivalent to hexavalent chromium ions in an 
amount in the range of about 0.002 to about 0.03 percent 
by weight of the solution, from about 0.4 to about 1.5 per 
cent by weight of the solution of a gluconic acid material 
and from about 0.01 to about 0.8 percent by weight of the 
solution of a polyethylene glycol having a molecular 
weight within the range of about 200 to about 20,000. 

3. The method as claimed in claim 2 wherein the alkali 
metal hydroxide is sodium hydroxide, the oxidizing agent 
is an inorganic hexavalent chromium containing com 
pound, and the gluconic acid material is sodium gluconate. 

4. The method as claimed in claim 3 wherein the oxi 
dizing agent is sodium bichromate. 
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