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ABSTRACT OF THE DISCLOSURE 
A process and composition for increasing the resistance 

to corrosion of a metallic surface, which process com 
prises contacting said metallic surface with a composition 
obtained by mixing in the presence of water a water solu 
ble chromium compound such as chromium trioxide, am 
monium chromate, chromium chromate, and the like, and 
an oxygenated organic compound having the following 
formula: 

L J. (I) 
wherein R1 is an alkyl group having from 1 to 6 carbon 
atoms, R2 is hydrogen or an alkyl group having from 1 
to 6 carbon atoms, and R3 is hydrogen or an alkyl group 
having from 1 to 6 carbon atoms, n is an integer of from 
1 to 4. 

Rs 

FIELD OF THE ‘INVENTION 

The instant invention relates to a composition useful 
in increasing the corrosion resistance of metallic surfaces 
and a process for protecting metallic surfaces by the 
application of such compositions thereto. In particular, 
the instant invention is directed to the use of a compo 
sition comprising a chromium compound and an oxygen 
ated organic compound ('I) to increase the corrosion 
resistance of metallic surfaces. 

PRIOR ART 

Heretofore, a number of surface treating processes 
have been proposed in order to solve a problem in con 
nection with the corrosion resistance or adherence of 
?nish coatings to the metal surface. For example, it is 
known that the phosphating treatment involving the use 
of a phosphate solution, such as, iron, zinc, manganese 
or calcium phosphate, or an electrolytic treatment in a 
phosphate or chromate solution with an alternating or 
direct electric current, will a?ord some measure of cor 
rosion resistance. Although the above processes have 
attained some measure of corrosion resistance, ease of 
adaptability for commercial fabrication, poor adherence, 
and only marginally improved corrosion resistance have 
rendered the prior art approaches incompletely accept 
able. A somewhat thick ?lm resulting from the prior art 
surface treatment is required in order to effect corrosion 
resistance and such ?lms provide poor handling charac 
teristics. The poor adherence of such thick ?nished coat 
ings to the treated substrate compounds the problem even 
further. 

Other processes have been employed to increase the 
resistance of metallic surfaces to corrosion, which proc 
esses include the use of an oxygenated organic compound. 
It is noted, however, that in each of these attempts, the 
compositions employed also contained additional ingre 
dients such as polymeric materials, a multiplicity of 
reducing agents, ?llers, and the like. As distinguished 
therefrom, the composition of the instant invention is 
a relatively simple one which includes a solution of the 
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reaction product of a water soluble chromium compound 
with an oxygenated organic compound as the essential 
ingredient thereof. While other materials may be added 
to the instant composition, they are not essential to the 
effectiveness thereof. 

Therefore, it is an object of the instant invention to 
provide improved corrosion resistant coatings for metallic 
surfaces. 
Another object of the instant invention is to provide 

for a process of improving the corrosion resistance of 
metallic surfaces. 

'THE INVENTION 
These and other objects of the instant invention are 

acheived by the provision of a corrosion-resistant coating 
consisting essentially of the reaction product of a water 
soluble chromium compound with an oxygenated organic 
compound in the presence of Water. 

DETAILED DESCRIPTION 

The composition of the instant invention is considered 
particularly useful in protecting ferrous metallic surfaces 
in general such as iron and steel plate or castings, tin 
coated and zinc coated (galvanized) iron and steel and 
other ferrous alloys. Other metallic surfaces which may 
be protected by the composition and product of this 
invention include non-ferrous substrates such as zinc 
surfaces, aluminum surfaces, magnesium surfaces, tin 
surfaces, and non-ferrous alloy surfaces such as brass, 
bronze and the like. 
As previously noted, one of the essential ingredients 

of the instant composition is a water-soluble chromium 
compound. The useful chromium compounds include, 
but are not limited to, chromium trioxide, ammonium 
chromate, zinc chromate, chromium chromate, chromic 
acid, potassium dichromate, and mixtures thereof. It is, 
of course, within the scope of the instant invention to 
employ other chromium salts similar to the above which 
are soluble in the reaction medium. 
The useful oxygenated organic compounds generally 

have the formula: 

rt :1? 1 R O———CH— HO 
‘ L .in <1) 

wherein R1 represents an alkyl group having from 1 to 
6 carbon atoms, R2 and -R3 represent hydrogen or an 
alkyl group having from 1 to 6 carbon atoms, and n is 
an integer of from 1 to 4. Representative of compounds 
included in the above general formula are the following: 

Be 

Ethylene glycol monomethylether 
Ethylene glycol dimethylether 
Ethylene glycol monoethylether 
Ethylene glycol diethylether 
Ethylene glycol monobutylether 
Ethylene glycol dibutylether 
Ethylene glycol monoisobutylether 
Ethylene glycol diisobutylether 
Ethylene glycol monoamylether 
Ethylene glycol diamylether 
Ethylene glycol mono n-hexylether 
Diethylene glycol monomethylether 
Diethylene glycol dimethylether 
Diethylene glycol monoethylether 
Diethylene glycol monobutylether 
Diethylene glycol dibutylether 
Diethylene glycol monoisobutylether 
Diethylene glycol diisobutylether 
Triethylene glycol monomethylether 
Triethylene glycol dimethylether 
Triethylene glycol diethylether 
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Triethylene glycol monoethylether 
Tetraethylene glycol monomethylether 
Tetraethylene glycol dimethylether 
Propylene glycol monomethylether 
Propylene glycol dimethylether 
Propylene glycolmonoethylether 
Propylene glycol diethylether 
Propylene glycol monobutylether 
Butylene glycol monoethylether 
Butylene glycol monobutylether 
The monomethyl ether of mixed ethylene/ propylene glycol 
The monomethyl ether of mixed ethylene/butylene glycol. 

In addition to the above two essential ingredients, i.e., 
the water-soluble chromium compound and the aforesaid 
oxygenated organic compound, one may also employ in 
connection with the composition of the instant invention 
various compatible wetting agents to improve the surface 
wetting and coating uniformity of said composition. It 
is noted that the Wetting agent employed must be one 
which is compatible with, and stable in the presence of, 
the chromium compound employed in the instant inven 
tion. Therefore, preferably, one employs as the wetting 
agent a nonionic or anionic surfactant material although 
other types of surfactants may also be employed if com~ 
patible under the conditions of use. Representative of the 
surfactants which may be employed are the following: 

(1) Alkylaryl sulfonates such as sodium alkylnaphtha 
lene sulfonate. 

(2) Alkyl sulfates such as sodium lauryl sulfate. 
(3) The sulfonated esters. 
(4) Alkali salts of alkylaryl polyether sulfonates, 
(5) The alkanesulfonates. 
(6) Alkylphenyl polyethylene glycol ethers. 
(7) Alkali salts of ?uoro-substituted alkanesulfonates. 
(8) Surfactants in which the hydrophilic fraction of the 

molecule is provided by ethylene oxide. 
(9) Alkyl phosphates. 
(10) Surfactant substituted amide reaction products of 

a carboxylic acid and ethanolamine. 
(11) Surfactant C8 to C13 alkyl chain esters of polyoxy 

ethylene glycol. 
(12) Surfactant condensation products of a carboxylic 

acid and an amine. 
(13) Monoether surfactants. 

In addition to the surfactant, phosphoric acid may be 
added to the composition of the instant invention to in 
crease, to some degree, the adhesion of the coating com 
position to the metallic surface. 
The composition of the instant invention is prepared 

by admixing the water-soluble chromium compound de 
lineated above with the oxygenated organic compound 
also delineated above in the presence of Water. While the 
exact reaction is unknown, it is though that the oxygenated 
organic compound forms an oxidized complex and this 
results in an improved corrosion resistant coating. 

In general in the compositions of the instant invention 
it is preferred to employ from about 0.05 to about 50 
percent by weight of the oxygenated organic compound 
and from about 0.5 to about 10 percent by weight of the 
water-soluble of the chromium compound. As previously 
noted, phosphoric acid, in amounts from about 0.5 per 
cent to about 10 percent have been found to be useful. 
With regard to the wetting agents or surfactants, if em 
ployed, amounts from about 0.01 percent to about 1 per 
cent by weight are adequate. Preferably, the compositions 
of the instant invention include from about 0.5 to about 
10 percent of the glycol ether and from about 2 to about 
7 percent of the water-soluble chromium compound. 
The instant invention will be illustrated ‘by the follow 

ing detailed examples. It is to be noted, however, that the 
instant invention is not deemed as being limited thereto. 
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EXAMPLE 1 

Coating formulations containing 20% glycol ether and 
5.0% chromic acid were prepared by mixing equal vol 
umes of the following two solutions. 

Solution A: This solution, containing 40% glycol ether, 
was prepared by adding to a wide mouth jar. 

- Grams 

Ethylene glycol monobutyl ether _______________ __ 40 
Water 60 

This mixture was shaken to dissolve at room tempera 
ture. 

Solution B: A 10% solution of chromic acid in water 
was prepared by adding to a wide mouth jar. 

Grams 
Chromium trioxide ______ _; _________________ __ 10.0 

Water 90.0 

This mixture was shaken to dissolve at room tempera 
ture. 
Equal portions of Solutions A and B were‘mixed thor 

oughly at room temperature to give the desired coating 
formulation. 

Coating formulations containing 12% glycol ether, 
5.0% chromic acid and 0.5% phosphoric acid were pre 
pared by mixing equal volumes of the following two 
solutions. 

Solution C: This solution, containing 24% glycol ether, 
'was prepared by adding to a wide mouth jar - 

Grams 
Ethylene glycol monobutyl ether ________________ __ 24 
Water ______________________________________ __ 76 

This mixture was shaken to dissolve at room temperature. 
Solution D. This solution, containing 10.0% chromic 

acid and 1.0% phosphoric acid was prepared by adding 
to a wide mouth jar 

Grams 
Chromic trioxide ____________ __' ____________ __ 10.0 

86% phosphoric acid ________________________ __ 1.0 
Water ____ __ 89.0 

This mixture was shaken to dissolve at room temperature. 
Equal portions of Solutions C and D were mixed thor 

oughly at room temperature to give the desired coating 
formulation. . 

Solutions containing the other compositions listed in 
Table 1 were prepared in a similar fashion. The wetting 
agent, when used, was added by using the proper volume 
of a dilute (0.10%) aqueous solution of the wetting agent. 
Carbon steel (1010) panels were used for the rust inhibi 
tion test. These panels measured 3" x 8" x 0.051" and 
were cut from steel which had been cold rolled using rolls 
that yields a surface ?nish of 6-12, microinches. The 
panels had been protected from rusting with a vapor phase 
inhibitor and were used directly as received. The panels 
were dip-coated in the proper formulation, withdrawn 
from the solution and allowed to drain dry at room tem 
perature. After standing at room temperature for 24 hours, 
the panels were placed in the .QCT condensing humidity 
cabinet. The cabinet was operated with the water temper 
ature at 131° F. and vapor temperature at 120° F. Rust 
ing was induced by the moisture which condensed con 
tinuously on the panels. The panels were observed (daily 
for the appearance of rust spots and were rated as follows. 
A perimeter approximately 1A" wide was excluded from 
observation. A test surface passed if it contained no more 
than three dots of rust, no one of which was greater than 
1 mm. in diameter. A test surface failed if it contained 
one or more dots of rust larger than 1 mm. in diameter 
or if it contained four or more dots of any size. The num 
ber of days protection obtained (days with no rust spots 
appearing) was a measure of product performance. 

Table 1 shows the number of days of rust protection 
afforded to panels which had been coated with the rust 
inhibiting compositions described. 
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TABLE 1.--NUMBER OF DAYS OF RUST PROTECTION OBTAINED WITH 
COATINGS PREPARED WITH ETHYLENE GLYGOL MONO BUTYL 
ETHER CHROMIUM TRIOXIDE, PHOSPHORIC ACID OR WETTING 
AGENT AND WATER 

Formulation composition, wt. percent Days of protec 
tion from rust, 
QCT cabinet; 

Ethylene panels air dried 
glycol mono Chromium Phosphoric Wetting 24 hrs. at room 

Test No. butyl ether trloxide ac1d 1 agent Water temperature 

20 80 0 
20 75 13 
50 45 16 
20 74 9 
12 82. 5 16 
1 93. 5 4 
1 91. 45 28 
1 91. 95 4 
0 95 1 

1 20 75 . 10 , 

1 Commercial syrupy phosphoric acid containing 85-87% HaPO4. 
I Two m1. of a 0.1% aqueous solution of nonyiphenoxypoly (ethyleneoxy) ethanol. 
8 Ethylene glycol monoisobutyl ether. 

As will readily be seen from a study of the above table, 20 placed, after various times of drying at room tempera 
the panels coated with ethylene glycol monobutyl ether ture or after oven curing from 10-15 minutes at 100° C., 
and water, i.e., Test No. 1, showed evidence of rusting in in the QCT cabinet for determination of rust protection. 
less than 1 day and, in fact, in less than 1 hour. The Table 2shows the number of days rust protection obtained 
panels coated with only chromic acid and water demon- with these coatings prepared with the mono methyl and 
strated rusting within 1 day. In contrast therefrom, hoW- 25 ethyl ethers of ethylene glycol, the mono methyl, ethyl 
ever, panels coated with the composition of the instant and butyl ethers of diethylene glycol, and the mono pro 
invention, i.e., a composition comprising a glycol ether, pyl together with chromium trioxide, and phosphoric acid 
a chromium compound and water, were protected from or wetting agent. 
rusting for a period of at least 4 days and in most in- Five to greater than 10 days rust protection was ob 
stances for a substantially longer period. 30 tained with all of these products. 

TABLE 2.—NUMBER OF DAYS OF RUST PROTECTION IN THE QCT CABINET OBTAINED WITH COATINGS 
PREPARED WITH DIFFERENT GLYCOL ETHERS, CHROMIUM TRIOXIDE, PHOSPHORIC ACID OR A 
WETTING AGENT AND WATER 

Percent compositions of coating formulation Oven dried 
Air dried panels panels 10-15 

Phos- -——— min. at 100° 0., 
Chromium Wetting phoric Hours Days rust days rust 

Glycol ether, concentration trioxide agent 1 acid Water drying protection protection 

5% ethylene glycol mono methyl ether 5 1 89 96 >10 >10 
5% ethylene glycol mono ethyl ether 5 1 89 96 >10 >10 
5% diethylene glycol mono methyl 0 5 1 89 120 >10 >10 
5% diethylene glycol mono ethyl ether. 5 » 1 89 120 >10 >10 
5% diethylene glycol mono butyl ether-.- .. 5 1 89 120 >10 >10 
5% propylene glycol mono propyl ether_. ._. 5 ........ -. 89 120 6 6 
20% propylene glycol mono propyl ether ____ _. 5 ________ _. 74 120 5 >10 

1 N onylphenoxypoly (ethyleneoxy) ethanol containing 64% ethylene oxide. ‘ 

EXAMPLE 2 
Coating formulations containing 50% glycol ether and EIQKMPLE 4 

5.0% chromic trioxide were prepared by adding to a wide Aqueous coating solutions were prepared using chrom 
mouth jar lum trioxlde and the tri- and tetraethylene glycols listed 

Grams in Table 3. Panels were air dried for 24, 120, or 168 
Ethylene glycol monobutyl ether _______________ __ 50 50 hours and were oven cured for 15 min. at 100° C. The 
Water 45 days rust protection obtained are listed in Table 3. 

TABLE 3:“NU1VIBER OF DAYS RUST PROTECTION IN QCT CABINET OBTAINED WITH COATINGS 
PREPARED WITH TRI- AND TETRAETHYLENE GLYCOL ETHERS 

Percent composition of coating Days of protection from rust, 
QCT cabinet formulation 

Air dried panels 
———-— Panels oven 

Chromium Wetting Hours Days rust dried 100° C. 
trioxide agent Water drying protection 15 min‘ 

5% triethylene glycol dimethyl ether ____________________ ._ 5 1 89 120 >10 >10 
5% tetraethylene glycol dimethyl ether_. 5 1 89 120 >10 >10 
5% triethylene glycol monomethyl ether- 5 1 89 120 >10 >10 
5% triethylene glycol mono ethyl ether- . 5 1 89 120 >10 > 10 
5% triethylene glycol mono butyl ether- _ . 5 1 89 168 >10 >10 

This mixture was shaken to dissolve at room tempera- EXAMPLE 5 
ture. After solution had been obtained 5.0 grams of chro- 65 _ _ _ 
mium trioxide was added, Panels were coated with formulations having the com 
The mixture was shaken at room temperature to dis- positions listed in Table 4, and were dried as described 

solve, in the table headings. After drymg, they were subject to 
Panels were then coated, dried at room temperature impact using a four'pound hammer dropped from a height 

for 24 hours and tested as described in Example 1. Rust 70 required to give 70 01" 80 inch-Pounds impact The ham" 
protection of 13 days was obtained. mer had a hemispherical head which was 1/2" in diameter. 

EXAMPLE 3 These panels were then placed in the QCT cabinet to de 
termine rust protection on the stressed surface. Observa 

Coating solutions having the compositions listed in tions were also made on theplane panel surface. The days 
Table 2 were prepared as described in Example 1 and 75 protection obtained are listedinTabie 3. 
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Examination of the data shows that excellent rust pro 

tection was obtained ‘on the impacted surface. ' 
What is claimed is: _ 
1. A corrosion-resistant coating composition consisting 

TABLE 4.-—NUMBER OF DAYS RUST PROTECTION IN'QCT CABINET AT 120° F. VAPOR TEMPERATURE 

Days rust Protection I e - 

Impacted ' Area Plane area 

Monobutyl- Air drie Oven dried 
ether of Ethoxy- 120 hrs. 100° 0., 15 min‘ 
ethylene Ethoxy- lated ——~——-—————— ————~ Oven dried 

glycol, Percent Percent lated alkyl- ' Percent 70 80 ' 70 ' '80 ' Air dried 110-110" 0., 
Formulation ref. percent CrO; H3 04 alcohol 1 phenol I water in.-lb in.-lb. in.-lb. in.-lb. 120 hrs 15 m . 

1.0 5.0 0.5 0.05 ____ __'._.___ 93. 45 >10 >10 >3 3 7 8 
1. 0 5. 0 ____________________ .. 0. 05 93. 95 >10 >10 6 6 9 6 
1. 0 5.0 0. 5 __________ ._ 0. 05 93. 45 6 8 7 14 6 15 
2, 0 5.0 0. 5 0 05 __________ .- 93. 45 >16 15 >25 >25 10 >25 
4. 0 5. 0 0. 5 0. 05 93. 45 >11 3 11 8 11 12 
6. 0 5. 0 0. 5 0.05 93. 45 8 >21 >21 20 >21 20 

\ Cir-1a alcohol plus 70% ethyleneoxide. 
9 Nonylphenoxypoly (ethyleneoxy) ethanol containing 64% ethylene oxide.‘ 

EXAMPLE 6 

Coating formulations containing 5.0% chromium tri 
oxide and 1% H3'PO4, with 5.0% of either triethylene 
glycol monomethyl ether, triethylene glycol monoethyl 
ether, or triethyleneglycol monobutylether, were prepared 
as in Example 1. Steel panels were coated, air dried for 
48-120 hours and placed on the QCT cabinet for evalua 
tion of rust protection. These formulations gave poor 
coatings and rust inhibition. However, when 1.0% wetting 
agent was added to the formulation, instead of 1% 
H3PO4, excellent coatings were produced and rust pro 
tection extending to greater than 21 days was obtained. 
This is shown in Table 5. 
TABLE 5.—RUST PROTECTION BY ETHERS OF TRIETHYL 

ENE GLYCOL, COATING COMPOSITION, PERCENT 

20 

25 

30 

All formulations contained 5.0% glycol ether, 5.0% 0103, and 89.0% 
water 35 

Days rust protection in 
QCT cabinet 

Oven dried 
Glycol ether Wetting Air dried 15 min., 
RO(C2H40)3H H3PO| agent 1 48-120 hrs. 100° 0. 40 

R=Methy1 ___________ _- 0. 0 1. 0 >21 - >21 

R=butyl _____________ .- 0.0 1. 0 " >21 >21 

lléqonylphenoxypoly (ethyleneoxy) ethanol containing 64% ethylene 
ex ea. 

As will readily be seen from a study of Table 5, the 
compositions of the instant invention, including phos 
phoric acid and a wetting agent, provided superior rust 
protection. 

EXAMPLE 7 

Coating formulations were prepared as in Example 1 
containing 5.0% and 20.0% of the dimethyl ethers of tri 
and tetraethylene glycol with 5.0% chromic acid. Some of 
the solutions contained phosphoric acid; some of them con 
tained a wetting agent. The composition and performance 
data are shown in Table 6. ‘Some panels were air dried for 
24~120 hours; some were oven dried for 15 min. at 100° C. 

TABLE 6.-—RUST PROTECTION BY DIMETHYL ETHERS OF TRI- AND ~ 

45 

50 

55 

essentially of the product of the reaction in the presence 
of water, of a water-soluble chromium compound and 
a compound having the formula; 

R1 R2 mongrel 
L J. (I) 

wherein R1 is an alkyl group having from 1 to 6 carbon 
atoms, R2 and R3 are selected from the group consisting 
of hydrogen and an alkyl group having from 1. to 6‘ car 
bon atoms, and n is an integer of from 1 to 4; said 
chromium compound being present in an amount of from 
about 0.5 to about 10% by weight and said compound of 
Formula I being present in an amount of from about 0.5 
to about 50% by weight. 
' 2. The composition of claim 1 wherein said chromium 
compound is present in an amount of from about 2 to 
about 7% by weight. 

3. The composition of claim 1 wherein said compound 
of Formula‘I is present in an amount of from 0.5 to 
about 10% by weight. 

4. The composition of claim 1 
aqueous solution thereof. 

5. A corrosion-resistant coating composition accord 
ing to claim 1 additionally’ including at least one member 
selected from the group consisting of phosphoric acid, 
and compatible anionic and non-ionic surfactants. 

6. The composition of claim 5 wherein the water-solu 
ble chromium compound is chromium trioxide. 

7. The composition of claim 5 wherein the compound 
having the structure of Formula I is the monobutyl ether 
of ethylene glycol. _ . .. 

8. The composition of claim 5 wherein the compound 
of Formula I is the monoalkyl ether'of ethylene glycol. 

9. The composition of claim 5 wherein the compound 
having the structure of Formula 6 is the monoalkyl ether 
of diethylene glycol. 

10. The composition of claim 5 wherein the compound 
having the structure of Formula I is the monoalkyl ether 
of propylene glycol. 

in the form of an 

TETRAETHYLENE, GLYCOL O OATIN G 0 0M]? OSITION, PE ROENT 
All formulations contained 5.0% C103 and su?icient water to make 100.00% 

Days rust protection 
in QCT cabinet 

Dimethyl glycol ether of tri-, tetra- Wetting Air dried Oven dried 15 
ethylene glycol H3130. agent 48-120 hrs. min.-, 100°C. 

1. 0 0. 0 2 2 
1. 0 0. 0 1 1 
0. 0 1. 0 5 10 
1. 0 0. 0 1 l 

. e glycoL 1. 0 0. 0 1 l 
5.0% tetraethylene glycol _______________ .. . 0 1. 0 28 17 

l Nonylphenoxypoly (ethyleneoxy) ethanol containing 64% ethylene oxide. 

‘Once again, it will readily be noted that the composi 
tions of the instant invention provide a surprising and un 
expected rust protection for metallic surfaces. .75 

11. The composition of claim 5 wherein the compound 
having the structure of Formula I is the monoalkyl ether 
of triethylene glycol. 
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12. The composition of claim 5 wherein the phosphoric 

acid is present in an amount of from about .05 to about 
10 percent. 

13. The composition of claim 5 wherein the surfactant 
is present in an amount of from about 0.01 to about 1 
percent. 

14. The composition of claim 5 wherein the compound 
having the structure of Formula I is monobutyl ether 
of ethylene glycol. 

15. A process for improving the corrosion resistance 
of metallic surfaces which comprise contacting a metallic 
surface with a composition according to claim 1 whereby 
there is formed a corrosion-resistant ?lm upon said sur 
face and allowing said ?lm to dry thereon. 

16. The process of claim 15 wherein said composition 
is in the form of an aqueous solution thereof. 

17. A process for improving the corrosion resistance 
of metallic surfaces according to claim 15 wherein said 
composition additionally contains at least one member 
selected from the group consisting of phosphoric acid and 
anionic and non-ionic surfactants. 

18. The process of claim 15 wherein the chromium 
compound is chromium trioxide. 

19. The process according to claim 15 wherein the dry 

10 

15 

20 

ing is e?ected at temperatures in the range from room 25 
temperature up to 100° C. 

10 
20. The process of claim 17 wherein the phosphoric 

acid is present in an amount of from about .05 to about 
10 percent. 

21. The process of claim 17 wherein the surfactant is 
present in an amount of from about 0.01 to about 1 

percent. 
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