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METAL CLEANING AND PHOSPHATING
COMPOSITION

Chester W. Smith, Wayne County, Mich.
. Application September 16, 1957, Serial No. 684,287
20 Claims. (Cl 148—6.15)

This invention relates to the cleaning, phosphating and
passivating of metal parts and is a continuation-in-part
of my prior filed applications Serial No. 328,795, filed
December 30, 1952, now abandoned, and Serial No.
496,927, filed March 27, 1955, now abandoned.

In many metal fabricating industries it is desirable to
clean heavy grease, tar, drawing compounds, metallic
oxides, and the like from metal parts and to apply a
protective rust resistant phosphate coating to the parts
preparatory to painting or other operations. Heretofore
the cleaning and phosphating has necessitated two major
operations comprising first cleaning and rinsing the parts,
then the phosphating. The great demand by industry for
a stable solution which would reduce the above two
operations to a single process has long occupied the re-
search facilities of the major chemical companies supply-
ing metal phosphating and cleaning solutions. All at-
tempts heretofore to combine the hydrocarbon solvent and
the phosphating reagents satisfactorily in a single formu-
lation have, however, resulted in an unstable solution
from which the water miscible and oil soluble compo-
nents would separate into two distinct layers or form a
typical emulsion. QOften a third layer would form con-
taining some of the emulsifier ingredients. In conse-
quence the cleaning actions of such formulations have
been erratic and unsatisfactory.

A number of liquid preparations are available which
combine a light cleaning action with a phosphating action.
Such preparations commonly comprise minor proportions
of a detergent or a water miscible solvent such as an alco-
hol or glycol. Such liquids are satisfactorily employed
for phosphating metal parts which are not heavily soiled
and usually depend upon application at elevated tem-
perature and brushing or scrubbing for the removal of
even light oil fiims. These preparations are in fact not
intended primarily for cleaning, the detergent or solvent
being added to assure that the acid phosphating reagents
will penetrate to and wet the metal surface to be phos-
phated.

Attempts to provide homogeneous solutions for both
cleaning and phosphating in a single operation have in-
volved the use of major quantities of alcohols, often in-
cluding minor proportions of the hydrocarbon solvent and
still lesser proportions of the phosphating ingredients.
Such preparations are inherently unsatisfactory because
of the large quantity of alcohol solvent required in com-
parison to the quantity of water that can be feasibly
brought into stable solution with the hydrocarbon sol-
vent. Not only does the high alcohol content constitute
a serious fire hazard but the phosphoric acid concentra-
tion in the resulting proportionate low water content is
usually too strong for the proper phosphating action and
unduly etches the metal parts under treatment. Further-
more the solubilizing effect of the high alcohol content is
readily upset by evaporation of the alcohol, rendering the
solution unstable. Attempts heretofore to reduce the
high alcohol content have resulted in separation of the
water soluble ingredients from the hydrocarbon solvents,
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particularly at the elevated temperature usually required
for heavy cleaning.

An important object of the present invention is to pro-
vide a clear to opalescent, non-toxic liquid preparation of
improved stability and effectiveness for simultaneously
cleaning metallic parts and applying a protective rust re-
sistant metallic phosphate coating thereto, the prepara-
tion being particularly effective at room temperatures for
cleaning heavy oils, greases and tarry deposits, metallic
oxides, drawing and lapping compounds, and like soils
with a minimum of brushing and being adapted to be
effectively applied simply by spraying the preparation on
the parts to be treated, or by dipping the parts into the
preparation, and thereafter rinsing the parts in a stream
of clear cold water.

Another object is to provide a stable liquid preparation
of the foregoing character which does not depend upon
a preponderance of alcohol or other volatile solvents for
its stability and which is readily miscible in cold water
at ordinary faucet temperatures approximately 40° F. and
is susceptible to being rinsed cleanly from the treated
part in a stream of cold water.

Another object of the invention is to provide in the
presence of a hydrocarbon solvent a composition with a
sufficiently high proportion of water to serve as a vehicle
for a relative large quantity of phosphoric acid at a rela-
tively low concentration as compared with prior compo-
sitions where the minor proportions of water forced one
to compromise between an aqueous phosphoric acid so-
lution which had a sufficient quantity of acid for complete
reaction with the metal but too high a concentration and,
on the other hand, an aqueous phosphoric acid solution
which had the right concentration of acid for a controlled
reaction but an insufficient quantity for complete reac-
tion.

Another object is to provide a stable preparation of
the foregoing character containing a chromate rust inhibi-
tor, whereby oxidation of the iron phosphate coating on
the treated part from ferrous to ferric phosphate is facili-
tated to assure a more durable and satisfactory phosphate
coating and whereby rusting of the treated steel parts
while drying is retarded.

I have now found that the foregoing and related objects
can be secured in a composition comprising essentially’
about 50-80 percent of an aqueous acidic phosphating so-
lution of pH of about 2-3 and free phosphoric acid of
about 0.3-0.6 percent by weight of the total preparation;
about 4-30 percent of a hydrocarbon solvent for grease
and oil; about 10-30 total percent of an emulsifier and
an ethylene oxide condensation detergent; wherein said
hydrocarbon solvent has an initial boiling point of about
200°~-450° F. and a final boiling point below about
700° F.

A major difficulty in the formulation of a solution of
the character described has been the successful combina-
tion of the detergent, solvent, and emulsifier with the
desired quantity of the aqueous phosphating solution.
For efficient phosphating, a pH range between 2 and 3
and preferably approximately 2.5 is desired in a solution
containing not less than approximately .3% and up to
.6% free phosphoric acid by weight of the total prepara-
tion. The providing of a sufficient quantity of phosphate
jons for an effective phosphating capacity without ex-
ceeding the foregoing requirements requires a major pro-
portion of water in the composition.

It is usually desirable to increase the concentration
of phosphate ions above that supplied by phosphoric acid
at a suitable pH. This can be done by adding a soluble
phosphate such as an alkali metal phosphate. For ex-
ample about 2 parts by weight of tetra sodium pyrophos-
phate for each 3 parts by weight of phosphoric acid is
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a particularly effective proportion. Smaller quantities of
phosphate reduce the efficiency of the phosphating reac-
tion but phosphoric acid alone can carry out the phos-
phating reaction.

The detergents used in the compositions of the inven-
tion are the_non-ionic detergents of the class wherein
ethylene oxide is reacted with relatively high molecular
weight acids, alcohols, and mercaptans, These are well
known in the detergent art and may be referred to herein
generally as ethylene oxide condensation detergents.

One such group of ethylene oxide condensation de-
tergents comprise polyoxyethylene esters empirically iden-
tified as follows:

R—COO(C,H0),H

where R is a high molecular weight alkyl having 11 to
19 carbon atoms, such as the alkyl portion of a fatty
or rosin acid, and n ranges from 7 to 13. An economically
feasible detergent in the last named category which is
particularly suitable is the tall oil condensation product
of ethylene oxide having a molecular weight of approxi-
mately 750. It is to be understood that tall oil is cited
merely by way of example and that there are many other
sources of the alkyl within the molecular range specified.
Specifically, any of the predominant fatty acids in tall oil
can be used.

Another group of ethylene oxide condensation deter-
gents are variously known as alkyl aryl polyethylene
oxides, alkyl aryl polyethylene glycol alcohols, or alkyl
aryl polyethylene glycol ethers empirically identified as
follows: -

R (CsH(0).H

where R is an alkyl having 9~14 carbon atoms, n ranges
from 7-14, and the molecular weight ranges from 400 to
800.

The condensation product of ethylene oxide and mer-
captans such as tertiary dodecyl mercaptan, having pref-
erably 9 mols of ethylene oxide per mol of tertiary
dodecyl mercaptan is an example of an ethylene oxide
condensation detergent which gives excellent results. Al-
though the optimum molecular weight for the mercaptan
condensation product is approximately 600, the molecular
weight can range feasibly from 465 to 730. Another ex-
ample of a suitable ethylene oxide condensation deter-
gent is trimethylnonyl polyethylene oxide having prefer-
ably 9 mols of ethylene oxide in the polyethylene oxide
portion. :

The emulsifying agent can comprise a water soluble
amine or alkali metal saponified fatty acid, such as po-
tassium tall oil soap; the sodium and potassium salts of
oleic, palmitic, or stearic acid; or the like; and will pref-
erably amount to between approximately 2 to 5 parts by
weight in Example 1. These emulsifiers are referred to
herein as alkali metal soaps. ~ Although this total quantity
of emulsifier could be more than doubled without im-
pairing the stability of the formulation, approximately
3 parts have been found satisfactory for phosphating and
;:ileaning with the amount of hydrocarbon solvent speci-

ed.

Although I prefer an alkali metal soap as the emulsifier
the invention can use any of the known emulsifiers of
the art, employed individually or in combinations, such
as petroleum sulfonate, alkyl sulfate or sulfonate, esters
of ‘alkali metal neutralized sulfosiccinate, or such emulsi-
fiers as represented by the following formulae wherein R
represents an alkyl group and x ranges from 5 to 50:

RCOO{(CH,CH;0)H (fatty acid esters)
RCON(CH,CH;0)H; (fatty acid amides)
RN(CH,CH;0)H, (tertiary amines) ,

'I:he preferred solvents for grease, heavy oil, tarry
residues, and the like in the compositions of the inven-
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4
tion are all water immiscible and will readily dissolve
these substances at normal room temperature. Chlori-
nated solvents of the foregoing character can be used in
a closed system but are objectionably toxic in open sys-
tems. A hydrocarbon solvent is accordingly preferred,
Mlﬁikﬁﬂi&‘fﬁam?mmﬁﬁﬁ"w Ve of pefroleum
Qr.coal tar otigin which are effective grease solvents. The
initial boiling points of such soivents which can bé safely
and effectively handled range from about 200° F. to about
450° F. and the final boiling point is below about 700°
F. For most satisfactory solvent action I prefer hydro-
carbon solvents of which at least 75% boil in the 300°-
350° F. range.

In preparing the present invention, the aqueous acid
phosphating reagents, emulsifier, and detergent are first
mixed in the approximate proportions set forth. There-
after, unless the quantity of solvent required has been
previously determined, this quantity can be determined in
a trial batch by adding the solvent slowly with constant
agitation of the mixfure until a clear stable homogeneous
solution or liquid is formed. If desired, additional solvent
can be added with stirring until cloudiness is first noted.

A small quantity of a chromium ion in the formulation
is important as a passivator to 1 it rusting of the
treated steel parts, particularly if the parts are not dried
quickly, and to accelerate oxidation of the phosphate
coating from ferrous to ferric phosphate, thereby to effect
a superior protective coating. Heretofore the chromium
ion has not been added to a stable phosphating and
cleaning solution, so that an additional operation of
spraying with a rust inhibiting chromate solution has
been necessary after the phosphating operation. In the
present instance, although the chromium ion is not
critical to the stability of the solution, the chromium ion
in the proportion specified does not render the solution
unstable. Accordingly the present invention permits com-
bining the three operations of cleaning, phosphating, and
passivating in a single operation.

The chromium ion may be a chromate or dichrom:
or may be added as the trivalent ion as in chromium chlo-
Jide. The chromium compound may be added in a range
of about .01% to about 0.1%. Although sodium di-
chromate is preferred for the source of the chromate
radical in the cleaning and phosphating solution con-
cerned herein, corresponding amounts of the chromium
ion can be supplied from other sources, such as chromic
acid, other alkali metal dichromates or chromates, tri-
valent chromium salts such as chromium chloride, and the
like. = The term compounds providing an ion from the
class consisting of chromium and chromate includes all
such sources.

I have also found that the passivating action of a_
chromium ion can be enhanced by a molybdenum ion.
A soluble moylbdenum compound can be added 1o a
variety of forms such as molybdie oxide, sodium moylb-
date, and the like. The use of molybdenum in the com-
posxtions of the invention yield a heavier phosphate coat-
ing of greater corrosion resistance. The resulting coating
is particularly resistant to flash rusting. The coating is
also more uniform and of a beautiful blue color.

The molybdenum compound is best used in a propor-
tion of about 0.02-0.2 percent by weight but the limits are
not critical. In general best results are secured when the
molybdenum compound is used in about double the pro-
portion of the chromium compound.

. Example 1

Ingredients: Parts by weight
Phospharic. acid-canrydrous) oo ceeeeeoo 3
Tefra sodium pyrophosphate .o 2
Trimethylnonyl polyethylene oxide e oo 13
Potassium oleate 3
Hydrocarbon 21
Sodium—dichremate 0.05
Water 58
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The above composition may also be defined as:

Aqueous acidic phosphate solution aeeeecccacae 63
Hydrocarbon solvent 21
Detergent plus emulsifier 16
Chromium ion 0.05

Since the above proportions add up to 100 parts by
weight the numbers may also be considered as weight
percent and the term “percent” as used herein is intended
to mean “weight percent.”

The composition of Example 1 was found to be clear,
homogeneous and stable. Upon being applied to a steel
surface it simultaneously removed the grease and soil
from the surface, evenly phosphated the surface, and
passivated the surface.

Example 2
Ingredients:
Phosphoric acid
Tertiary dodecyl mercaptan-ethylene oxide con-

Parts by weight
2

densation detergent 20
Sodium palmitate 5
Hydrocarbon 23
Water 50

The above composition may also be defined as:
Aqueous acidic phosphate solution 52.5
Hydrocarbon solvent 24
Detergent plus emulsifier 23.5

" The above comiposition, when mixed, was found to be
clean, homogeneous and stable. Upon being applied to
steel surfaces it simultaneously removed the grease and
grime therefrom and evenly phosphated the treated
surface.

Example 3
Ingredients: _ Parts by weight
Phosphoric acid 3
Trisodium phosphate 1
Tall oil-ethylene oxide condensation detergent. 8
s Petroleum sulfonate 4 -
Hydrocarbon 14
Potassi ichromate 0.08
Molybdenum oxide. 0.18
Water 70
The above composition may also be defined as:
Ingredients: Parts by weight
Aqueous acidic phosphate solution . __.__ 74
Hydrocarbon solvent 14
Detergent plus emulsifier 12
Chromium ion 0.08
Molybdenum compound 0.16

The above composition, when mixed, was found to be
clear, homogeneous and stable. Upon being tested on
steel surfaces it simultaneously cleaned the metals, phos-
phated them, and passivated them.

The above examples were repeated using a wide variety
of ethylene oxide condensation detergents, emulsifiers
and hydrocarbons in a wide variety of proportions in
acidic aqueous phosphate solutions. Many of these were
clear to opalescent, homogeneous, and stable and others
were not. By plotting these compositions on a ternary
diagram I found the satisfactory compositions could be
clearly defined.

In this connection the accompanying drawing is a
ternary diagram whose coordinates are in weight percent:
hydrocarbon solvent; water plus acid and phosphate; and
detergent plus emulsifier.

The solid line encloses the area of those compositions

which meet the objectives of the present invention. The
dotted line encloses an area of approximately clear com-
positions.

Iclaim:

1. An opalescent to clear, stable liquid composition for
simultaneously cleaning and phosphating metal surfaces
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consisting essentially of about 50-80 percent of an aque-
ous acidic phosphating solution; about 4-30 percent of a
hydrocarbon solvent for grease and oil; and about 10-30
total percent of an emulsifier and an ethylene oxide con-
densation detergent, wherein said hydrocarbon solvent has
an initial boiling point of about 200°—450° F. and a final
boiling point below about 700° F.

2. An opalescent to clear, stable liquid composition for
simultaneously cleaning, phosphating and passivating
metal surfaces consisting essentially of about 50-80 per-
cent of an aqueous acidic phosphating solution; about
4-30 percent hydrocarbon solvent for grease and oil;
about 0.01-0.1 percent sodium dichromate; and about
10-30 total percent of an emulsifier and an ethylene oxide
condensation detergent, wherein said hydrocarbon solvent
has an initial boiling point of about 200°-450° F. and
a final boiling point below about 700° F.

3. An opalescent to clear, stable liquid composition for
simultaneously cleaning and phosphating metal surfaces
consisting essentially of about 50-80 percent of an aque-
ous acidic phosphating solution; about 4-30 percent
hydrocarbon solvent for grease and oil; about 2-5 per-
cent of an emulsifier and about 5-28 percent of an ethyl-
ene oxide condensation detergent wherein said hydro-
carbon solvent has an initial boiling point of about 200°—
450° F. and a final boiling point below about 700° F.

4. The composition according to claim 1 wherein the
detergent is a polyoxyethylene ester.

5. An opalescent to clear, stable liquid composition for
simultaneously cleaning and phosphating metal surfaces
comprising essentially about 50-80 percent of an acidic
aqueous phosphate solution at a pH of about 2-3; about
4-30 percent of a hydrocarbon solvent for grease and oil;
and about 10-30 total percent of an emulsifier and an
ethylene oxide condensation detergent, wherein said hy-
drocarbon solvent has an initial boiling point of about
200°-450° F. and a final boiling point below about
700° F.

6. An opalescent to clear, stable liquid composition for
simultaneously cleaning and phosphating metal surfaces
comprising essentially about 50-80 percent of an acidic
aqueous phosphate solution having free phosphoric acid
in a proportion of about 0.3-0.6 percent by weight of the
total composition; about 4-30 percent of a hydrocarbon
solvent for grease and oil; and about 10-30 total percent
of an emulsifier and an ethylene oxide condensation de-
tergent, wherein said hydrocarbon solvent has an initial
boiling point of about 200°-450° F. and a final boiling
point below about 700° F.

7. An opalescent to clear, stable liquid composition for
simultaneously cleaning and phosphating metal surfaces
comprising essentially about 50-80 percent of an acidic
aqueous phosphate solution in which about 3 such per-
cent are anhydrous phosphoric acid and about 2 such
percent are an alkali metal phosphate; about 4-30 per-
cent of a hydrocarbon solvent for grease and oil; and
about 10-30 total percent of an emulsifier and an ethylene
oxide condensation detergent, wherein said hydrocarbon
solvent has an initial boiling point of about 200°~450° F.
and a final boiling point below about 700° F.

8. An opalescent to clear, stable liquid composition for
simultaneously cleaning, phosphating, and passivating
metal surfaces comprising essentially about 50-80 per-
cent of an acidic aqueous phosphate solution at a pH
of about 2-3; about 4-30 percent of a hydrocarbon
solvent for grease and oil; about 0.01-0.1 percent of a
compound providing an ion from the class consisting of
chromium and chromate; and about 10-30 total percent

"of an emulsifier and an ethylene oxide condensation deter-

gent, wherein said hydrocarbon solvent has an initial
boiling point of about 200°-450° F. and a final boiling
point below about 700° F.

9. An opalescent to clear, stable liquid composition for
simultaneously cleaning, phosphating, and passivating
metal surfaces comprising essentially about 50-80 percent
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of an acidic aqueous phosphate solution having free phos-
phoric acid in a proportion of about 0.3-0.6 percent by
weight of the total composition; about 4-30 percent hy-
drocarbon solvent for grease and oil; about 0.01-0.1 per-
cent of a compound providing an ion from the class con-
sisting of chromium and chromate; and about 10-30 total
percent of an emulsifier and an ethylene oxide condensa-
tion detergent, wherein said hydrocarbon solvent has an
initial boiling point of about 200°-450° F. and a final
boiling point below about 700° F.

10. An opalescent to clear, stable liquid composition
for simultaneously cleaning, phosphating, and passivating
metal surfaces comprising essentially about 50-80 per-
cent of an acidic aqueous phosphate solution in which
about 3 such percent are anhydrous phosphoric acid and
about 2 such percent are an alkali metal phosphate; about
4-30 percent of a hydrocarbon solvent about 2-5 percent
of an emulsifier; about 5-28 percent of an ethylene oxide
condensation detergent; and about 0.05 percent of an
alkali metal chromate; wherein said hydrocarbon solvent
has an initial boiling point of about 200°—450° F. and a
final boiling point below about 700° F.

11. In a method for cleaning oily deposits from a
metal surface and simultaneously applying a phosphate
coating to said surface, the steps of treating said surface
with the composition of claim 1 and thereafter rinsing said
surface with water.

12. In a method for cleaning oily deposits from a metal
surface, simultaneously applying a phosphate coating to
said surface and simultaneously passivating said surface,
the steps of treating said surface with the composition of
claim 2 and thereafter rinsing said surface with water.

13. In a method for cleaning oily deposits from a metal
surface and simultaneously applying a phosphate coating
to said surface, the steps of treating said surface wiith the
composition of claim 3 and thereafter rinsing said sur-
face with water.

14. In a method for cleaning oily deposits from a metal
surface and simultaneously applying a phosphate coating
to said surface, the steps of treating said surface with the
composition of claim 4 and thereafter rinsing said surface
with water,

15. In a method for cleaning oily deposits from a metal
surface and simultaneously applying a phosphate coating
to said surface, the steps of treating said surface with the
composition of claim 5 and thereafter rinsing said surface
with water,
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16. In a method for cleaning oily deposits from a metal
surface and simultaneously applying a phosphate coating
to said surface, the steps of treating said surface with the
composition of claim 6 and thereafter rinsing said surface
with water.

17. In a method for cleaning oily deposits from a metal
surface and simultaneously applying a phosphate coating
to said surface, the steps of treating said surface with the
composition of claim 7 and thereafter rinsing said surface
with water.

18. In a method for cleaning oily deposits from a metal
surface, simultaneously applying a phosphate coating to
said surface, and simultaneously passivating said surface,
the steps of treating said surface with the composition of
claim 8 and thereafter rinsing said surface with water.

19. An opalescent to clear, stable liquid composition
for simultaneously cleaning, phosphating and passivating
metal surfaces consisting essentially of about 50-80 per-
cent of an aqueous acidic phosphating solution; about
4-30 percent hydrocarbon solvent for grease and oil;
about 0.01-0.1 percent of a compound providing an ion
from the class consisting of chromium and chromate;
about 0.02-0.2 percent of a soluble molybdenum com-
pound; and about 10-30 total percent of an emulsifier and
an ethylene oxide condensation detergent; wherein said
hydrocarbon solvent has an initial boiling point below
about 200°-450° F. and a final boiling point below about
700° F.

20. In a method for cleaning oily deposits from a metal
surface, simultaneously applying a phosphate coating to
said surface and simultaneously passivating said surface,
the steps of treating said surface with the composition of
claim 19 and thereafter rinsing said surface with water.
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