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This invention relates to improved anti-rust lubricating 
oils and, more particularly, to lubricating oil composi 
tions which pass the U.S. Navy static water-drop corro 
sion test designated as MIL-P-17272 (SHIPS), dated 
July 18, 1952. This test will hereinafter be referred to 
as the static water drop corrosion test. 
This application is a continuation-in-part of application 

Serial Number 420,435, filed April 1, 1954, now aban 
doned, by the present inventor. 
The problem of protecting metallic equipment from 

atmospheric corrosion is one of long standing. A par 
ticularly acute problem is that of protecting internal 
combustion engines and other equipment exposed to the 
severely corrosive atmosphere encountered in coastal 
areas or on ship board and in many industrial areas. 
The internal combustion engines used in military equip 
ment are often subjected to long periods of storage or 
exposure to corrosive environments during transporta 
tion and must be protected. 

the exhaust gases therefrom, especially from spark-igni 
tion engines, produce corrosive atmospheres which dele 
teriously affect metal parts with which they come in 
contact. Under emergency situations, sea water is some 
times used as a coolant in these engines and every effort 
must be made to protect the metal parts as long as 
possible. 
Many techniques and compositions have been proposed 

to protect metal surfaces from corrosion, i.e., by the use 
of removable protective coatings known as slushing com 
pounds or rust-preventive compositions classified as oils 
and greases. Most of these compositions are intended 
for use in the metallic equipment during periods of 
storage as in gun barrels and breeches, metal containers, 
machinery in idle status, finished machine parts in stor 
age, and emergency equipment used during wartime or 
in stock piles. For these purposes the compositions are 
generally screened by means of the well-known humidity 

During operation these 
engines are often exposed to corrosive atmospheres and: 
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cabinet test conducted for 200 hours at 100 F. and 100 
percent humidity with fresh saturated air being supplied 
at a rate between 1 and 1.5 complete changes per hour. 
Also, the hydrobromic acid tests are used to measure the 
ability of rust-preventive lubricants to neutralize acidic 
corrosive atmospheres, particularly the acidic products 
present in exhaust gases. It has been found that known 
rust inhibitors which function to transform lubricating 
oils into rust-preventive lubricants for use under these 
storage conditions fail to provide the type of protection 
necessary to pass the static water drop corrosion test. 
This invention is based on the discovery of a new prop 

erty of a class of compounds known as "Tweens' by the 
Atlas Powder Company, that is, the ability of this type 
of compound to carry lubricating oil compositions 
through the critical static water-drop corrosion test and 
thereby meet the requirements for a rust inhibitor for 
crankcase lubricating oils, specifically Class A, Navy 
9000 series crankcase lubricants. "Tweens' are polyoxy 
ethylene sorbitan esters of fatty acids. A specific product 
known as "Tween .81' has the following general char 
acteristics: 
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Property Walue 

Hydrophile-Lipophile Balance--------------------------- 10.0. 
Form at 25°.C.---------------- oily liquid 1. 
Viscosity (cp. at 25°C.) 350-550. 
Specific gravity------ 1.00-I.05. 
Flash Point (F.). 550. 
Fire Point.(F.) 600. 
Color------------- lennon. 

Tends to gel on standing. 
"Tween 81" is a non-ionic surface-active agent. The 

property of hydrophile-lipophile balance is an empirical 
number assigned by The Atlas Powder Company to their 
surface-active agents to represent the relative oil or water 
affinity of the material. An agent having a hydrophile 
lipophile balance of about 2.0 to 9.0 is classifiable as 
lipophilic (oil-living). An agent having a hydrophile 
lipophile balance of 15.0-18.0 is designated as hydrophi 
lic (water-living). "Tween 81' is intermediate in regard 
this property. As to the solubility at 25 C. in various 
agents, the following information is available: "Tween 
81" is dispersible in distilled water, hard water, 5% 
HSO4, 5% NaOH, Na2SO4, and 5% AICl. In non 
aqueous solvents, “Tween 81' is generally soluble or 
dispersible, requiring, in some instances, the use of high 

50 
concentrations or careful adjustment of the concentra 
tion. 

Reactions showing the preparation of "Tweens' may 
be represented as follows: 
CI-OH 

(I) O-C-CE-O. 
a-a-a- C C-C-CH BIO-C. Anhydrization N 1 b 

O E OH HC-OE 
Sorbitan C-O 

bH-OH RCOOH (Fatty acid) 
Sorbitol 

IO-CH-C-O 
NCH-CH -- off, YoH-CH-CH:0 O CR 
N/ -1 bH 

Sorbitan ester 

CBI . CH-CH-COOCR 
N -1 8(CH-OH-0)- 
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where R is the residue of a long-chain fatty acid such as 
oleic, lauric, palmitic or stearic, N=n-1--na-na and indi 
cates the number of moles of ethylene oxide and ni, n. 
and na are any whole numbers from 1 to 7, inclusive. 

In "Tween 81' RCOOH is oleic acid, N has a value of 
3 to 6, and accordingly, n.1, na and na have values of 1 
to 4 and may be the same or different. One skilled in 
the art will know that the anhydrization of sorbitol in 
the above reaction is shown to involve the hydrogen 
attached to the first carbon atom and the hydroxyl group 
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on the 5th carbon atom. This reaction, as is known, 
may involve the hydrogen of the first carbon atom of the 
sorbitol molecule and the hydroxyl group of the fourth 
carbon atom in which event an ether ring having five 
carbon atoms results and the subsequent reaction with 
fatty acid and ethylene oxide results in a product having 
the following formula: , 

(II) 
O 

off, YoH-CHooor 
- H(O-CH-CH) -o-d &H-O-(CH-CH-0) -H. 

3-(CHCH-0)-H 
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5.4 weight percent of a detergent inhibitor consisting of 
a mixture of 3.44 weight percent mineral lubricating 
oil, 1.35 wt. percent of barium diisobutyl phenol sul 
fide and 0.61 wt. percent of calcium petroleum sul 
fonate. 

2.6 weight percent zinc hexyl dithiophosphate. 
This base mineral oil composition so fortified meets 

the U.S. Navy engine performance requirements of M.S. 
9030 oil (MIL-L-9000A) using a GM 71 engine. The 
Zinc hexyl dithiophosphate is a commercial corrosion in 
hibitor which in itself or in combination with the deter 
gent-inhibitor does not pass the static water-drop cor 
rosion test, but is used to meet the other anti-corrosion 
properties necessary to qualify the base composition to 
meet the M.S. 9030 oil requirements, which tests include 
bearing corrosion tests, etc. These addends are sub 
sequently further defined. 
The results of these experiments are set forth in the 

following table wherein blend No. 1 is the base oil just 
described. 

TABLE 
Static water drop corrosion test 

S25 Conc. In Time for 
0. . . No. Additive Percent Rust 

(n1, n2 and na having the values aforementioned and R Fornation 
being a fatty acid residue). 
... Compounds of both Formula I and Formula II are Blank--------------------------------------oisi R's 
contemplated by this invention and in fact are present 0.075 Do 

G Proprietary inhibitor 0.04 Do aS complex mixture in the product known as. Tween Proprietary inhibitor B 0.08 Do 
81.' Increases in the amounts of ethylene oxide used Barium petroleum sulfonate- 0.10 12 hours 
in the reaction to the point where N has a value of 7 ------------------------------------------- 838 B3: 

- G 33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 0. 

to 20 results in a product known as "Tween 80' which 5. Organic phosphate III 0.0 st at 48 
66 OS. 

for purposes of this invention is equivalent to "Tween 10----. Barium petroleum Sulfonate.---------- 0.20 48 hours. 
81,” being also polyoxyethylene sorbitan monoleate. -------sdo------------------------------- 0.40 Do. 
"Tween 80 has the same corrosion-inhibiting properties 3: 325iggiate::::::::::::::::: 8:3: 33. 
as "Tween 81' as far as the purposes of this invention are 14 Polyoxyethylene sorbitanmonoleate 0.25 St. at 96 

OS . 

- 

concerned. These products are generally used to form 
emulsions, their respective abilities in this regard, as 
measured by the interfacial surface tensions in dynes at 
25 C., being equivalent at concentrations of 0.1 weight 
percent and varying at lesser and greater concentrations. 

O 

"Tween 80' has an HLB, factor of 15.0 and is an oily. 
liquid, having a viscosity (cp. at 25° C.) of 350-550, 
asp. gr. of 1.06-1.10, flash point 605 F., fire point of 
645 F. and is a lemon-yellow color. The chemical name 
of polyoxyethylene sorbitan monoleate will be used in the 
balance of the specification and claims to mean either 
or both "Tween 80” and "Tween 81' and mixtures of 
same having either a 4 carbon atoms ether ring, or a 5 
carbon atom ether ring, or both, as indicated heretofore. 
Although the invention will be demonstrated by reference 
to experiments using "Tween 81'' the invention will apply 
to polyoxyethylene sorbitan fatty esters broadly, regard 
less of the number of ethylene oxide groups reacted with 
each molecule of the ether-ester. 

Accordingly, a primary object of this invention is to 
provide a lubricating composition which meets the re 
quirements of the static water-drop corrosion test MIL 
P-17272 (SHIPS), July 18, 1952. 
Another object of the invention is to provide a lubri 

cating composition which meets the engine performance 
requirements of M.S. 9030 oil (MIL-L-9000A), and also 
the static water-drop test, by including in said composi 
tion a minor proportion of polyoxyethylene sorbitan 
ester of a fatty acid, particularly the monoleate ester. 

Other objects and advantages of the invention will 
become apparent as the description thereof proceeds. 
To demonstrate the invention, a number of known rust 

inhibitors were tested in a base mineral oil composition 
fortified with a detergent-inhibitor and a commercial 
corrosion inhibitor. The base or blank oil consisted of: 
92.0 weight percent intermediate V.I. oil (200 vis. 

neutral). 
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1 Specimen was stained with surface disturbed. 
2 Specimen was stained with no surface disturbances. 
An M.S. 9030 oil should show no rust at the end of 

96 hours' testing. In addition, an M.S. 9030 oil must 
have a viscosity at 210 F. of 58 to 70 SUS, a flash point 
of about 390 F. minimum, and a maximum pour point 
of about 10 F. The procedure in MIL-P-17272 
(SHIPS), July 18, 1952, comprises subjecting a 42-inch 
thick, cold-rolled, steel sheet (SAE 1020) specimen 
shaped as an equilateral triangle to dimpling at its center 
to a depth of 0.110 inch. The dimple side is thoroughly 
polished with fine sand paper, and cleaned with C.P. 
benzene and petroleum ether. After cleaning, the speci 
men is quickly immersed in the oil sample with the con 
cave side of the dimple uppermost. The container con 
taining the test oil and specimen is then placed in an 
oven at 140-2 F. for one hour. After this, the con 
tainer and contents are removed from the oven and a 
drop of water (0.2 ml.) is placed in the oil so as to rest 
in the shallow depression or dimple in the steel specimen 
by using a clean hypodermic syringe. The container is 
then covered with a glass cover, stored in the oven at 
140-2 F., and observed daily for signs of failure, that 
is, the first sign of rust which definitely increases in in 
tensity on the next day. 

From the table it is seen that the oil alone showed 
rusting at the end of 24 hours and certain of the addends 
actually accelerated the rusting. The composition of in 
hibitor A is not available. All of these products includ 
ing barium petroleum sulfonate, the organic phosphate, 
etc. are well-known corrosion inhibitors. Only poly 
oxyethylene sorbitan monoleates meet the requirements 
of the static water-drop test. 

Broadly, this invention relates to the discovery that 
polyoxyethylene sorbitan esters of fatty acids have the 
ability to carry a mineral lubricating oil, whether forti 
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fied by other addends or not, through the static water 
drop corrosion test. The preferred compounds for this 
purpose are the monoleate esters which are known as 
"Tween 80' and "Tween 81,' the latter compound being 
used to demonstrate the invention by blend No. 14. 
The amount of the sorbitan derivatives used may vary 

somewhat within the prescribed limits depending on the 
overall composition and the oxidation-detergent or other 
addends present therein. In general, about 0.2 to 0.40 
weight percent of polyoxyethylene sorbitan monoleate 
has been found to satisfactorily carry the composition 
through this severe rust test. About 0.2 weight percent 
is the minimum that will give assured protection and 
quantities over about 0.40 do not show any detectable 
decrease in the degree of staining. 
The oil compositions intended by this invention may 

inclued other addends such as thickeners, V.I. improvers, 
oiliness agents, pour-point depressants, other anti-oxi 
dants and other well-known types of addends, or may 
comprise a mineral lubricating oil and the polyoxythylene 
sorbitan monoleates alone in the amounts specified. Al 
though this invention is limited to compositions passing 
the static water-drop corrosion test designated as MIL 
P-17272 (SHIPS), it is not limited to the type of oil 
used in the experiments. Any mineral lubricating oil 
may be used whether obtained from Mid-Continent, 
Pennsylvania Coastal, or Texas crudes. The lubricating 
oil may be a light or heavy oil of the solvent-refined or 
conventionally-refined variety. The invention should be 
distinguished from the prior art which shows the use of 
sorbitan monoleate as a corrosion inhibitor in oils by 
means of the humidity cabinet test, or other tests using 
a corrosive atmosphere of a haloacid, since there is no 
relationship or correlation between compositions which 
pass the cabinet test and the problem confronting one in 
relation to the critical static water-drop corrosion test, 
a particularly difficult species of corrosion test. Other 
specific examples of compositions of this invention are 
set forth in the following table: 

TABLE II 

Composition (Wt. percent) 
Constituent 

Blend No---------------------------- 15 16 14 17 

Mineral lubricating oil (200 vis. 
Neutral)--------------------------- 91.8 91.6 91.77 91.8 Detergent-inhibitor consisting of: 

(1) Mineral lubricating oil------- 3.44 3.44 3.43 3.43 
(2) Ba Salt of diisobutyl phenol 

Sulfide----------------------- 1.35 35 35 36 
(3) Calcium sulfonate----- - 0.61 0.61 60 60 

Zinc hexyl dithiophosphate---------- 2.6 2.6 2.59 2.59 
Polyoxyethylene sorbitan monoleate 
(Tween 81)-------------------------- 0.2 0.4 0.24 0.21 

The detergent-inhibitor used in the compositions of this 
invention are described in United States Patent 2,379,241 
by McNab and U.S. Patent 2,761,845 by Rogers. Broad 
ly, this addend may comprise an oil-soluble metal salt 
having the general formula, 

where M is a metal, preferably a divalent metal, cobalt, 
barium, calcium, aluminum, zinc, magnesium, cadmium, 
tin, lead, chromium, manganese and nickel; Y is a mem 
ber of the right-hand side of group VI of the periodic 
table of elements, as oxygen or a member of the sulfur 
family; Ar is an aromatic nucleus such as benzene, or 
a condensed ring nucleus such as naphthalene, anthrac 
ene, etc.; Z is sulfur, selenium or tellurium; x is an in 
teger of from 1 to 5, preferably 1 or 2; Q is an organic 
group which may be identical with the part of the com 
pound which is on the left side of Z, or a group having 
a somewhat similar type of structure, or it may be a hy 
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drocarbon group such as amyl, octadecyl, or aralkyl as 75 

6 
benzyl, or aryl as tolyl; and R represents one or more 
hydrocarbon groups such as alkyl, or alkenyl, e.g., amyl, 
octyl, octenyl, etc., or cyclo-aliphatic, e.g., cyclohexyl. 
Examples are the cobalt or barium salts of hydroxy 
tertiary-amyl phenyl sulfide, and the cobalt or barium 
salts of hydroxy diisobutyl phenyl sulfide. In place of 
the calcium petroleum sulfonate, any oil-soluble metal 
salt of an acidic organic compound may be used, i.e., 
the mixed aluminum-calcium soap of acids obtained in 
the oxidation of sweater oil, or nickel oleate. In general, 
from about 0.01 to 6.5 weight percent of the finished 
addend containing about 63.75 wt. percent of a mineral 
lubricating oil, 25.0% of the barium salt and about 
11.25% of the calcium petroleum sulfonate is used. A 
species of this addend sold under the trade name of 
Paranox 65, has the following properties: 
Typical physical characteristics: 

Viscosity GD 210 F., SSU ----------------- 130 
Flash point, F. ------------------------- 425 
Pour point, F. ------------------------- 10 
Specific gravity, 60/60 F. ----------------, 1.02 
Weight, avg., Ib./gal. GD 60' F. ------------ 8.5 

Typical chemical characteristics: 
Barium, wt. percent --------------------- 7.9 
Calcium, wt. percent -------------------- 0.6 
Sulfur, wt. percent ----------------------- 2.7 
Ash, wt. percent ------------------------ 14.9 
Sulfated ash, wt. percent ------------ ----- 15.8 
Conradson carbon, wt. percent ------------ 16.7 
Neutralization No., ASTM ------------ 9 (basic) 

The zinc hexyl dithiophosphate may be replaced with 
other commercial addends designed for this purpose, such 
as zinc or cadmium alkyl dithiophosphates including zinc 
heptyl dithiophosphate, cadmium heptyl dithiophosphate, 
Zinc octyl dithiophosphate, cadmium octyl dithiophos 
phate, etc. 
What is claimed is: 
1. A lubricating oil composition consisting essentially 

of a major portion of a mineral lubricating oil, a small 
amount of a polyvalent metal salt of an alkyl phenol 
sulfide selected from the group consisting of the barium 
salt of diisobutyl phenol sulfide, the cobalt salt of diiso 
butyl phenol sulfide, the barium salt of tertiary amyl 
phenol sulfide, and the cobalt salt of tertiary amyl phenol 
Sulfide, a small amount of calcium petroleum sulfonate, 
a small amount of a polyvalent metal salt of an alkyl 
dithiophosphate selected from the group consisting of zinc 
hexyl dithiophosphate, zinc hepty dithiophosphate, zinc 
octyl dithiophosphate, cadmium heptyl dithiophosphate, 
and cadmium octyl dithiophosphate, and at least about 
0.2 weight percent of a polyoxyethylene sorbitan mono 
fatty acid ester containing from 3 to 6 moles of ethylene 
oxide per molecule wherein the fatty acid esterifying 
group is selected from the group consisting of oleate, 
laurate, palmitate and stearate groups. 

2. A lubricating composition in accordance with claim 
1 in which said polyvalent metal salt of an alkyl phenol 
Sulfide is the barium salt of diisobutyl phenol sulfide. 

3. A lubricating composition in accordance with claim 
1 in which said polyvalent metal salt of an alkyl dithio 
phosphate is zinc hexyl dithiophosphate. 

4. A lubricating composition in accordance with claim 
1 in which said polyoxyethylene sorbitan mono-fatty acid 
ester is polyoxyethylene sorbitan monoleate. 

5. A lubricating oil composition characterized by its 
ability to meet the requirements of an M.S. 9030 oil and 
pass the static water-drop corrosion test designated as 
MIL-P-17272-SHIPS, consisting essentially of about 91 
weight percent of a mineral lubricating oil, about 5.4 
Weight percent of a detergent-inhibitor consisting of the 
following: 

(1) About 3.44 weight percent of a mineral lubricating 
oil carrier. 
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(2) About 1.35 weight percent of a phenol sulfide salt 
selected from the group consisting of the barium salt 
of diisobutyl phenol sulfide, the cobalt salt of diiso 
butyl phenol sulfide, the barium salt of tertiary amyl 
phenol sulfide, and the cobalt salt of tertiary amyl 
phenol sulfide and - 

(3) About 0.61 weight percent of calcium petroleum 
Sulfonate, 

about 2.6 weight percent of an alkyl dithiophosphate salt 
selected from the group consisting of zinc hexyl dithio 
phosphate, zinc heptyl dithiophosphate, zinc octyl dithio 
phosphate, cadmium heptyl dithiophosphate, and cad 
mium octyl dithiophosphate and between about 0.2 and 
0.4 weight percent of polyoxyethylene sorbitan mono 
fatty acid ester containing from 3 to 6 moles of ethylene 
oxide per molecule wherein the fatty acid portion is se 
lected from the group of oleate, laurate, palmitate and 
stearate groups. 

6. A lubricating composition in accordance with claim 
5 in which said phenol sulfide salt is the barium salt of 
disobutyl phenol sulfide. 

7. A lubricating composition in accordance with claim 
5 in which said alkyl dithiophosphate salt is zinc hexyl 
dithiophosphate. 

8. A lubricating composition in accordance with claim 
5 in which said polyoxyethylene sorbitan mono-fatty acid 
ester is polyoxyethylene sorbitan monoleate. 

5 

8 
9. A lubricating oil composition, characterized by its 

ability to meet the requirements of an M.S. 9030 oil and 
pass the static water-drop corrosion test designated as 
MIL-P-17272-SHIPS, comprising about 91 weight per 
cent of a mineral lubricating oil, about 5.4 weight percent 
of a detergent-inhibitor consisting of about 3.44 weight 
percent of a mineral lubricating oil, about 1.35 weight 
percent of the barium salt of diisobutyl phenol sulfide 
and 0.61 weight percent of calcium petroleum sulfonate, 

10 about 2.6 weight percent of zinc hexyl dithiophosphate 
and between about 0.2 to 0.4 weight percent of polyoxy 
ethylene sorbitan monoleate containing from 3 to 6 
moles of ethylene oxide per molecule. 
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