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This invention relates to the art of improving 
organic substances by incorporating therein a 
small amount of an added agent which stabilizes 
the organic substance against oxidation, or re 
duces corrosiveness of said substance to partic 
ular kinds of metallic surface, or acts to dis 
perse sludge in said substance and prevent deposi 
tion of sludge on hot surfaces, or acts to prevent 
formation of sludge, or which functions to ac 
complish several of these objects. 
More particularly, this invention relates to in 

proving oils of lubricating viscosity, such as min 
eral oil, motor, gear and turbine lubricants, trans 
former oils, oil-soap greases, synthetic lubricat 
ing oil compositions, and the like, by adding 
thereto a small amount of an agent which sta 
bilizes the oil against oxidation, or inhibits cor 
rosion of cadmium-silver and lead-copper types 
of alloy bearings, or functions to prevent deposi 
tion of sludge and carbon on pistons and in 
piston ring slots of internal combustion engines, 
or functions to accomplish several of these re 
sults. 

In the search for improved lubricating oils, 
several desiderata are present, varying in in 
portance from one type of service to another. En 
hanced film strength (i. e., the ability of a lu 
bricant to maintain a film of lubricant between 
relatively moving surfaces at extremely high pres 
sures), resistance to discoloration on exposure 
to the normal atmosphere, as in storage of a 
lubricant, resistance to oxidation on exposure to 
air or other oxidizing gases at high temperatures 
as in transformers and in the lubrication of cyl 
inders of internal combustion engines and the 
working parts of steam and gas turbines, and re 
sistance to fouling of cylinders of internal con 
bustion engines, are among the desired properties 
of lubricants and other mineral oil composi 
tionS. 

It is an object of the present invention to pro 
wide a new class of materials for addition to 
oxidizable organic substances to satisfy one or 
more of the desiderata mentioned above. 

It is a further object of the invention to pro 
vide compositions of matter comprising in major 
part an oxidizable organic liquid and containing 
a Small amount of added organic substance which 
as Such greatly enhances resistance of the com 
position to oxidation. 

It is a further object of the invention to pro 
wide lubricating oils and the like having high re 
sistance to oxidation. 
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vide lubricating oils of enhanced resistance to 
oxidation and to formation and deposition of 
sludge, and of reduced tendency to corrode cad 
mium-silver, copper-lead and other similar bear ing alloys. 

It is a particular object of the invention to pro 
vide lubricating oils which are of enhanced utility 
as lubricants at high temperatures and in the 
presence of oxidizing gases, by reason of en 
hanced resistance to oxidation and reduced tend 
ency to form or to deposit sludge on hot metal 
Surfaces. 

It is a further particular object of the inven 
tion to provide improved lubricants for use in 
lubricating the pistons of internal combustion en 
gines, especially of those engines, such as Diesel 
and aircraft engines, which operate under high 
compression and at high temperatures. 

It is also an object of the present invention to 
provide a class of addition agents for lubricants 
which combine in marked degree a capacity to 
inhibit oxidation of the oil, corrosion of alloy 
bearing, and fouling of pistons of internal com 
bustion engines. 

It is also an object of the present invention 
to provide new, oil-soluble improvement agents 
for olls of lubricating viscosity and a ready means 
of preparing the same. 

It is also an object of the present invention to 
provide new combinations of lubricating oil im 
provement agents, by means of which still more 
marked improvements and a greater variety of 
improvements are obtained. 

Still further objects will be apparent from the 
ensuing description and the appended claims. 
We have discovered that a certain class of se 

lenium compounds, embracing many compounds 
in themselves new, when present in small amount 
in a substantially non-reactive oxidizable organic 
substance, impart marked improvements to the 
Organic substance. 
These selenium compounds are the alphatic 

seleronercaptains and salts of the same. Telu 
rium may be substituted for selenium, although 
the selenium compounds are preferred. These 
compounds may be represented by the formula: 

R 
ReC-X-Y 
R 

wherein (reading from left to right), R1, Ra and 
R3 are hydrogen or organic radicals (any two of It is a further object of the invention to pro- which may be joined to form a single, bivalent 



2,548,785 
3 

radical), C is an aliphatic carbon atom (i. e., a 
carbon atom other than a carbon atom forning 
part of a benzenoid ring), X is selendum or tellu 
rium, and Y is hydrogen or a cationic salt-form 
ing radical. 
The simplest member of this class is methyl 

selenomercaptain, CH3SeH. Although it is opera 
tive as an improvement agent when added in 
small amount to mineral lubricating oil and the 
like, it is volatlle and not as well suited for use 
under conditions of high temperature as are 
higher molecular weight, less volatile compounds, 
Its salts, however, being less volatile, have a wider 
utility than the free selenomercaptain. Other 
similar low molecular weight selenomercaptains 
and telluromercaptains and their metal salts are 
likewise less desirable than the higher molecular 
weight (hence less volatile, less odorous and more 
oil-soluble) compounds. The preferred com 
pounds of the invention are those containing 5 
to 30 carbon atoms, most 'advantageously 10 to 
30 carbon atoms in the molecule. As stated, the 
selenium compounds are preferred to the tellu 
run compounds. 
Examples of selenium and tellurium compounds 

of the invention are n-butyl, n-amyl, 2-ethyl 
hexyl, decyl, lauryl, cetyl, octadecyl, and "paraf 
fin' selenomercaptains; 2-ethylhexyl, lauryl and 
octadecyl telluromercaptains; and the sodium, cal 
cium, barium, and Zinc salts of the foregoing 
selenomercaptains and telluromercaptains. Other 
radicals (e. g., other alkyl radicals such as ethyl, 
n- and isopropyl, isobutyl, isoamyl, hexyl, undecyl 
and tetradecyl, aralkyl radicals such as benzyl 
and cetylbenzyl and cycloaliphatic radicals such 
as cyclohexyl and methyl cyclohexyl), may be 
used in place of the above mentioned radicals, 
and the organic radical attached to selenium may 
contain an unsaturated group or may be substi 
tuted by a non-hydrocarbon substituent such as 
chlorine, hydroxyl, alkoxyl, amino, etc. Exam 
ples of other metals and non-metallic cationic 
salt-forming groups which may be used in place 
of the above-mentioned metals are potassium, 
lithium, the ammonium radical, strontium, alu 
minum, cadmium, cobalt, nickel, lead and thal 
lium. 
By "paraffin' as used herein to designate an 

Organic radical is meant a radical derived from 
paraffin wax; e. g., paraffin selenomercaptain is a 
selenomercaptain (actually, a mixture of seleno 
mercaptains), such as can be prepared by using 
chlorinated paraffin wax as the organic chloride, 
R" Cl, in equation (2) below. 
By "aliphatic' as used herein without qualifica 

tion to designate an organic radical attached to 
selenium or tellurium, is meant an organic radi 
cal whose attachment to selenium or tellurium 
is through an non-benzenoid carbon atom; e. g., 
Octadecyl, benzyl and cyclohexyl selenomercap 
tans are all "aliphatic' selenomercaptains as “ali 
phatic' is herein defined. 
The selenomercaptains can be prepared by the 

following series of reactions: 

(1) Na2Se--Se->Na2Sea 
(2) Na2Sea--2RC1->R SeSe:R--2NaCl 
(3) R•SeSe:R-2H->2R-SeH 
Sodium diselenide is prepared by reaction (1) and 
is reacted with an aliphatic chloride (RC1) in ac 
cordance with reaction (2) to yield an aliphatic 
diselenide (R-SeSeR). The aliphatic diselenide 
is reduced in accordance with reaction (3) to yield 
an aliphatic selenomercaptain. 
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4. 
In reactions (1), (2) and (3), potassium or 

other metal may be substituted for sodium, tellu 
rium may be used instead of selenium and bro 
Inline or other replaceable element or radical may 
be substituted for chlorine. The group R is an 
aliphatic group. If a mixed diselenide is avail 
able, e.g., ethyl cetyl diselenide 

it may be substituted for the symmetrical disee 
nide of reaction (3), yielding a mixture of seleno 
mercaptains (e. g., ethyl and cetyl selenomercap 
tans). 
The selenium and tellurium compounds of the 

invention may be used in amounts as low as 
0.01% or less or as high as 5% or more, but 
preferably they are used in amounts of 0.1 to 
2%, percentages being by weight based on fin 
ished composition. The amount will depend to 
some extent upon the nature of the oil being 
inhibited, the more difficultly-inhibited oils re 
quiring the greater amounts; sufficient amounts 
are employed to reduce substantially the oxida 
tive deterioration of the oil. Concentrates or 
stock solutions containing 5 to 50% or more of 
the selenium compound of the invention dis 
persed in an organic liquid (e. g., mineral lu 
bricating oil) may be prepared for later blend 
ing with the substance to be stabilized to pro 
duce a finished product. 
The selenomercaptains are incorporated in vari 

ous oxidizable organic substances, particularly 
organic liquids, which substances are substan 
tlally unreactive with the added selenomercap 
tans so that the latter inhibiting agent is not dis 
sipated by reaction with the substance to be in 
hibited but rather remains as selenomercaptain 
to inhibit oxidation. Thus, of the oxidizable 
hydrocarbon oils, those which are substantially 
Completely free from olefins (which are said to 
react with selenomercaptans) are employed; 
thus, the substantially completely saturated hy 
drocarbon oils are preferably treated in accord 
ance with the present invention, and unsaturated 
hydrocarbons, such as cracked gasoline, are ex 
cluded. Thus, the addition of selenomercaptains 
to lubricating oils causes no spontaneous reac 
tion or color change; likewise the selenomercap 
tans remain unchanged in hydrocarbon solvents, 
Such as petroleum ether, which is employed for 
extraction in the preparation of selenomercap 
tans. In other words, the selenomercaptains are 
employed in oxidizable organic substances which 
are stable to selenomercaptains, i. e., which are 
Substantially free from groups normally reactive 
with selenomercaptains and telluromercaptains. 
Since the Selenomercaptides do not react with 
unsaturated compounds as contrasted to seleno 
mercaptains which apparently react with certain 
olefins such as in cracked gasoline, the seleno 
mercaptides may also be used to inhibit oxida 
tion of oxidizable unsaturated organic substances 
(analogous to the above-listed substances), such 
as cracked gasoline, etc., and unsaturated fats, 
fatty oils, and the like. 

Illustrative of organic substances to which the 
Selenium compounds of the invention may be 
added as stabilizers are petroleum products such 
as Saturated gasoline, kerosene, lubricating oils 
and m eral oil-soap greases; saturated fats, 
fatty oils, rubber, aldehydes, ethers, terpenes, 
mercaptains, phenols and synthetic plastic or res 
inous materials such as urea-formaldehyde, 



2,548,785 5 
polyvinyl and phenol-formaldehyde resins, These 
and other organic materials undergo oxidation 
and deterioration (e. g., discoloration, sludge 
formation, thickening, etc.) under conditions 
ranging fron mere exposure to air at normal 
atmospheric temperatures to intimate admixture 
with air or other oxidizing gases at temperatures 
of 300-400 F. The inherent stability of the or 
ganic material toward oxidation will, of course, 
vary with the material. The selenium compounds 
of the invention will stabilize such materials un 
der mild to extreme conditions of oxidation. 
More particularly, the herein-described agents 

may be used advantageously in various types of 
oils, whether hydrocarbon or non-hydrocarbon, 
although their present field of chief utility is in 
viscous lubricating oils and greases made there 
from. The agents herein-described are particu 
ularly useful in motor oils for crankcase lubri 
cation and the like such as in Diesel, aircraft, 
automotive and other engines operating at high 
temperatures, high pressures and high operating 
load conditions. These agents may also be emi 
ployed in cutting oils, transmission oils, heat 
transfer fluids, hydraulic fluids, etc. 
The additives of the present invention are par 

ticularly suitable for inhibiting the oxidative de 
terioration of polyether synthetic oils. Such as ob 
tained from polymerization of lower molecular 
weight (e. g., C2 to C5) alkylene oxides, such as 
propylene and/or ethylene oxides and deriva 
tives thereof to liquid products of lubricating 
oil viscosity. Likewise contemplated by the term 
"polyether synthetic oil' are the derivatives of 
such polymerization products, including the de 
rivatives obtained by etherification and/or esteri 
fication of the hydroxy groups in the polymeri 
zation products. These polymers may also be de 
scribed as liquid polyoxyalkylene compounds. 
The suitable polyether oils have average mole 
cule weights ranging from about 500 to about 
2500 or higher, and have viscosities ranging from 
about 40 S. S. U. to about 170 S. S. U. at 210 F. and 
somewhat greater or lesser. These oils may be 
used alone or in admixture with mineral lubri 
cating oils or other suitable oils of lubricating viscosity. 
The polyether synthetic oils may be obtained 

in various ways. Suitable oils may be obtained, 
for example, by the process described in U. S. 
Patent No. 1,976,678, whereby oxides of ethylene 
or propylene are polymerized at elevated tem 
peratures in the presence of an alkaline catalyst 
and an inert organic diluent. Mixtures of cer 
taintain polyoxyalkylene monohydroxy com 
pounds resulting from the reaction under pres 
sure of monohydroxy aliphatic alcohols with mix 
tures of oxides of ethylene and propylene are de 
scribed in U. S. Patent 2,425,755. Certain di 
hydroxy polyoxyalkylene glycols or diols are de 
scribed in U. S. Patent No. 2,425,845. In general, 
the polyether oils may be obtained by polymeri 
zation of lower molecular weight alkylene oxides 
or mixtures thereof under suitable reaction con 
ditions, including the presence of a suitable cat 
alyst, such as an alkali metal hydroxide or alco 
holate and, preferably, in the presence of a re 
action-initiating substance such as aliphatic, ali 
cyclic and aromatic alcohols, including primary, 
secondary and tertiary alcohols, phenols, naph 
thols, heterocyclic alcohols, ether alcohols, poly 
hydric alcohols, water, etc. 
A preferred class of polyether oils having sub 

stantial miscibility with mineral lubricating oil 
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at low temperatures are derived from polymeriza 
tion of 1,2-alkylene oxides having 4 to 8 carbon 
atoms, preferably in the presence of a hydroxyl 
containing reaction-initiating compound, espe 
cially an aliphatic monohydroxy alcohol of rela 
tively low molecular weight (i. e., 1 to 10 carbon 
atoms) which polyether oils are disclosed in co 
pending application, Ser. No. 1,036, filled January 
7, 1948, of George H. Denison, Jr., George J. 
Benoit, Jr., and Robert O. Bolt. 
Another preferred class of polyether oils are 

the products of polymerization of an alcohol, 
preferably a monohydroxy alcohol, and a mixture 
of alkylene oxides containing propylene oxide 
and at least one oxide from the group of 1-butene 
oxide, 2-buttene oxide and isobutene oxide, where 
in the various oxides in the polymerizable mix 
ture are not in excess of certain critical limits. 
Such polymerization products are disclosed in 
copending application of George J. Benoit, Jr., 
Serial No. 75,085, filed February 2, 1949. 
The one or more hydroxyl groups in the above 

various polymers are often desirably etherifled or 
esterified under suitable conditions. For example, 
an alcohol-initiated polymerization product of 
alkylene oxide, e. g., propylene oxide, contains 
free hydroxyl, which is suitably esterified with 
acetic acid or other low molecular weight fatty 
or other organic acid or anhydride thereof or the like. 

While the polyether olls have superior charac 
teristics such as high viscosity indices, certain of 
these oils have shortcomings (e. g., high affinity 
for water and low miscibility with mineral oil) 
which make them unsatisfactory as synthetic 
lubricants, and other particular polyether oils 
such as those of the above-mentioned copending 
applications overcome these and other disadvan 
tages. The polyether oils are, however, generally 
unsatisfactory from the standpoint of resistance 
to oxidative deterioration. Not only do such oils 
readily oxidize or deteriorate under operating con 
ditions in spark-ignition engines and the like, 
but such oxidative deterioration has been found 
to be difficult to inhibit. Further, Some agents, 
which are apparently satisfactory in some tests 
to inhibit oxidation, promote disadvantageous 
side-reactions or otherwise deleteriously affect 
the desirable properties of a lubricant. For ex 
ample, some agents are effective as oxidation in 
hibitors in polyether oils, but during use of the 
ofls in engine operation the agents promote ex 
cessive gumming. Other compounds, e. g., sul 
fides, which are satisfactory oxidation inhibitors 
in mineral oils have substantially no inhibitory 
effect on the oxidation of polyether oils. In other 
ways, such as the initial rate of oxygen absorp 
tion, the polyether oils differ from mineral oils 
from the standpoint of oxidative deterioration. 
The present aliphatic selenomercaptains and 

telluromercaptans and their salts have been 
found to bring about superior inhibition of oxida 
tive deterloration of polyether oils without ad 
versely affecting the other desirable properties 
of the polyether lubricants. As indicated here 
inabove, either the selenomercaptains (and tel 
luromercaptans) or their salts are employed with 
substantially olefin-free oils, but the selenomer 
captides (and telluromercaptides) are preferably 
used with oils which tend to react with the free 
selenomercaptains (and telluromercaptains). 
The following specific examples will serve fur 

ther to illustrate the practice and advantages of 75 the invention. 
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Erample 1-Preparation of high molecular 
peight selenomercaptains-Methods described in 
the literature for preparing selenomercaptains are 
the reaction of sodium or magnesium hydro 
selenides with an alkyl halide or alkyl metal sul 
fate, and the reaction of aluminum selenide with 
alcohols at elevated temperatures. See, for ex 
ample, J. Newton Friend's "Textbook of Inorganic 
Chemistry," vol. XI, part IV, page 1 (1937). 
These methods are disadvantageous because large 
amounts of dialkyl selenides and dialkyl di 
selenides are formed by side reactions. This 
necessitates the recovery of the selenomercaptain 
by distillation. When applied to the preparation 
of high molecular weight selenomercaptains, i. e., 
those containing about 10 carbon atons or more, 
these methods of the prior art are especially dis 
advantageous because of the tendency of the high 
molecular weight selenomercaptains to decompose 
on distillation. We have discovered a much superior method of 
preparing high molecular weight selenomercap 
tans which will now be described with reference 
to octadecyl selenomercaptain. 

Dioctadecyl diselenide was prepared as follows: 
A mixture of 1 gram mole of sodium diselenide, 2 
gram moles of octadecyl chloride and one liter 
of 95% ethyl alcohol were refluxed and stirred 
for nine hours. The reaction mixture was diluted 
with one liter of water and extracted with petro 
leum ether. The petroleum ether extract was 
dried over anhydrous sodium sulfate, filtered and 
concentrated on a steam bath. Two volumes of 
a 50% mixture of petroleum ether and acetone 
were added and the solution was cooled to pro 
mote crystallization of the dioctadecyl diselenide. 
A yield of 602 grams of dioctadecyl diselenide was 
obtained in the form of lemon yellow crystals 
melting at 52° C. to 55° C. Analysis-Found: 
Percent Se=22.3. Theoretical: Percent Se=23.8. 
A mixture of 30.4 grams of dioctadecyl disele 

nide and 34 mills. of 50% (by weight) sulfuric acid 
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was heated to reflux temperature and 8.7 grams 
of zinc dust were added gradually with vigorous 
stirring. After addition of the zinc dust had been 
completed, 5 mls. of concentrated sulfuric acid 
were added and refluxing and stirring were con 
tinued until the zinc had completely reacted. On 
cooling the mixture to room temperature, octa 
decyl selenomercaptain separated as a white crys 
talline layer. This product was a white, waxy, 
crystalline solid melting at 36 to 40 C. 
The octadecyl selenomercaptain so prepared 

can be reacted with alcoholic solutions of metal 
hydroxides or metal acetates to yield the desired 
metal selenomercaptide, or it can be dissolved in 
aqueous or aqueous-alcoholic sodium or potas 
sium hydroxide and treated as described above. 

Eacample 2-Preparation of 2inc octadecyl 
selenomercaptide.-The product of Example 1 
(product of reducing 30.4 grams of dioctadecyl 
diselenide) was extracted with petroleum ether 
and the extract was washed with water, dried 
over sodium sulfate, filtered and mixed with 200 
m. of 95% ethyl alcohol. Petroleum ether was 
removed by distillation and 250 ml. of 95% ethyl 
alcohol were added to the residue. This mixture 
was heated to 150' E. and a solution of 18.3 grams 
of zinc acetate dissolved in 150 ml. of hot water 
was added slowly with stirring. A white precip 
tate formed, which was collected on a filter, 
washed with water, then with alcohol and then 
with petroleum ether and dried in vacuo over 
calcium chloride. A yield of 22 grams of zinc 
octadecyl selenomercaptide was obtained, being 
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65% of the crude dioctadecyl diselenide. This 
product was found to contain 20.7% Se (theoreti 
cal, 21.6%) and 8.91% Zn (theoretical, 8.95%). 
In subsequent preparations, the yield was raised 
to 84%. The product was a white solid soluble in 
chloroform and benzene, slightly soluble in alco 
hol. Eacample 3-Preparation of cadmium octa 
decyl selenomercaptide-A solution of 70.4 
grams of cadmium acetate dihydrate in 300 ml. 
of 50% ethyl alcohol was added slowly with stir 
ring to a hot mixture of 160 grams of octadecyl 
selenomercaptain and 300 ml. of 100% ethyl alco 
hol. The precipitated cadmium octadecyl seleno 
mercaptide was collected on a filter, washed 
with water, alcohol and acetone and dried in 
vacuo over calcium chloride. The product 
weighed 188 grams, representing a yield of 60% 
based on cadmium content. Analysis.-Found: 
Cd=8.7%, 8.8%; Se=16.6%, 16.8%. Theoreti 
cal: Cd=14.5%, Se=20.3%. After extraction 
with boiling petroleum ether, the product weighed 
145 grams and assayed 11.5% Cd and 19.8% Se. 
The product was a white solid, soluble in chloro 
form and benzene and slightly soluble in alcohol. 
The product was about 80% pure. Erample 4-Preparation of lead octadecay 
selenomercaptide-A hot solution of 91.2 grams 
of basic lead acetate (Pb2(OH)AC3) in 350 Inl. of 
50% ethyl alcohol containing 9 grams of glacial 
acetic acid was added slowly with stirring to a 
heated mixture of 200 grams of octadecyl Seleno 
mercaptain and 350 ml, of 100% ethyl alcohol. 
The precipitate was filtered off, washed with hot 
water, alcohol and petroleum ether. After dry 
ing in vacuo Over calcium chloride the product 
weighed 205 grams, representing a yield of 
78% based on lead content. Analysis.-Found: 
Pb=23.5%; Ses=17.7%. Theoretical: Pb=23.8%; 
Se=18.1%. The product was a salmon colored 
solid, soluble in chloroform and benzene, and 
slightly soulble in alcohol. Eacample 5-Preparation of barium octadecyl 
selenomercaptide-A slurry of 43 grams of 
barium oxide in 200 m. of 95% ethyl alcohol 
and 5 ml. of water was added with stirring to a 
refluxing mixture of 180 grams of octadecyl 
selenomercaptain and 200 ml. of 95% ethyl alco 
hol. Refluxing was continued for twenty-five 
minutes and the reaction mixture was allowed to 
cool. The precipitate was collected on a filter, 
washed with alcohol and petroleum ether and 
dried in vacuo over calcium chloride. The prod 
uct weighed 184 grams representing a yield of 
77% based on barium content. Analysis.-- 
Found: Ba-15.8%; Se=17.6%. Theoretical: 
Ba=17.1%; Se=19.7%. The product was slight 
ly Soluble in chloroform and benzene. 

Eacample 6-Preparation of nickel octadecyl 
Selenomercaptide-A hot solution of 69.2 grams 
of nickel bromide in 250 ml. of 50% ethyl alcohol 
was added with stirring to a heated mixture of 
24 grams of octadecyl selenomercaptain and 
350 ml. of 100% ethyl alcohol. Stirring was 
continued while a solution of 25.8 grams of so 
dium hydroxide in 150 ml. of hot water was added 
slowly. The precipitate was collected on a filter, 
washed with acetone and dried in vacuo over 
calcium chloride. The product weighed 242 grams. 
Analysis.-Found: Ni-6.8%; 6.8%; Se=16.1%, 
16.2%. Theoretical: N = 8.1%; Se=22.0%. 
Fractionation of the product showed it to be a 
mixture of nickel octadecyl selenomercaptide 
(38%), octadecyl selenomercaptain and diocta 
decyl diselende (37%) and inorganic nickel com 



pounds. The crude product was a granular, 
black solid, Soluble in chloroform and benzene. 

In each of the preparations described in Ex 
amples 1 to 6, above, the reaction mixture and 
product were blanketed by an atmosphere of 
nitrogen to prevent oxidation, until such time 
as the final product was prepared. 

Eacample 7-Oacidator tests.-Selenium com 
pounds of the invention, also, for comparison, 
certain selenium compounds not of the invention, 
were dissolved in small amount in medicinal grade 
of white oil and Submitted to an oxidation test in 
an apparatus of the type described by Dornte in 
"Industrial and Engineering Chemistry," vol. 28, 
page 26 (1936), oxygen being bubbled through the 
oil at atmospheric pressure. The temperature of 
the oil was 340 F. Results are given in Table I 
below, the "Induction period' being the time in 
hours required for 100 gms. of oil to absorb 1200 
cc. of oxygen measured at S.T. P. 

Table 

Induction 
Additive Se Period 

Per cenf Firs 
Ni--------------------------- 0.05 
0.08%, Dioctadecyl diselenide 0.019 2.5 
0.1% Dilaury) selenide------ 0.09 2.5 
0.159%. Dilauryl selenide------------ 0.03 3.9 
0.08%, Octadecyl selenomercaptan--- 0.09 4.4 
0.159%. 2n octadecyl selenomercaptide 0.0344 48 
0,149%. Cd octadecyl selenomercaptidic 0.03 2. 
0.166%, Pb octadecyl selenomercaptide 0.03 0.8 
0.53%. Ba octadecyl selenomercaptide------- 0.03 3.9 
0.138% Ni octadecyl selenomercaptide------- 0.03 3.. 6 
0.086%2n 2-ethylhexyl selenomercaptide... 0.051 18 

It will be seen from the above table that all of 
the additives of the invention greatly improved 
the base oil. The free selenomercaptain was su 
perior to dioctadecyl and dilaury selenides. The 
metal selenomercaptides were not as effective oxi 
dation inhibitors as the Selenomercaptain, but sev 
eral Were as effective as dilaury selenide and all 
of them greatly improved the base oil, 
As oxidation inhibitors the free selenomercap 

tans are preferred to their salts, but their salts, 
especially the polyvalent metal salts, have in 
greater degree the property of functioning as 
"detergents' in motor lubricants; i. e., they pro 
mote cleanliness of pistons, piston rings and pis 
ton ring slots and retard piston ring sticking in 
internal combustion engines. This is shown in 
Example 8 in Tables II and II below. 

Eacample 8.-Strip corrosion and engine tests.- 
Warious oils, both uncompounded and con 
pounded with Small amounts of additives as indi 
cated in Tables II and III below, were submitted to 
strip corrosion and engine tests as follows: In the 
corrosion tests, thin strips of copper-lead alloy of 
the type used in bearings of internal combustion 
engines are immersed in oil. The oil is main 
tained at 300 F. and air is blown through the oil 
during the test. Corrosion loss is noted after each 
test. Further details of this test appear in Far 
rington et al. U. S. Patent No. 2,349,817 at page 3, 
right-hand column, lines 17 to 37. The Lauson 
engine tests were carried out in the manner de 
Scribed in the same patent, page 3, left-hand col 
unn, lines 14 to 26, except that observations were 
made only at 30-hour intervals, crankcase (sump) 
ternperature was 300 F., and the engine speeds 
were 1800 R. P. M. (Table II) and 1200 R. P. M. 
(Table III). The Wisconsin tests were carried 
Out in a single cylinder air cooled Wisconsin en 
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gine, 2% inch bore and 2% inch stroke, loaded by 
means of an electric induction motor. The en 
gine Was Operated under extremely severe condi 
tions, desigfied to develop fully the tendency of 
the crankcase lubricant to deteriorate with gum 
formation and piston ring sticking. Operation 
was at 1300 R. P. M.; upper cylinder temperature 
was maintained at 600°F.; crankcase oil tempera 
ture was maintained at 220 F. At periods of 30 
hours the operations were interrupted and the 
condition of the piston and piston rings deter 
mined. 
The results of these tests are set forth in Tables 

II and III below. In the tables, the concentration 
of each additive, if it is a salt, is given as milli 
mols of metal per kilogram of oil; e. g., "14 
mM/kg. Zn octadecyl selenomercaptide," which 
means 14 millinols of zinc, in the form of zinc 
Selenomercaptide, per 1000 grams of oil. This 
particular Salt was a relatively pure compound 
(C18H37Se) 22n, and has a molecular weight of 729. 
Therefore, 14 mM/kg, of this salt amounts to 1% 
by Weight salt based on the oil. In most other 
cases the mM/kg. of metal can be similarly con 
verted to per cent by weight of salt but in a few 
cases, e. g., calcium Sulfonate, the molecular 
weight of the Salt being unknown, it is impossible 
to convert mMAkg. of metal to per cent of salt. 

Further with regard to Table II: The calcium 
Sulfonate was a synthetic product made by chlo 
rinating white oil, then condensing it, with ben 
Zene, sulfonating the condensation product and 
converting the sulfonic acid to its calcium salt. 
The calcium phenate was prepared by condens 
ing a butene polymer (average molecular weight 
about 194) with phenol and forming the calcium 
Salt of the condensation product, as described in 
Examples 1 and 3 of Gardiner et al. U. S. Patent 
No. 2,228,661. The sulfurized calcium phenate 
was prepared by heating 'the same calcium phen 
ate with sulfur, as described in Etzler et al. U. S. 
Patent No. 2,360,302. The zinc dicetylphenyl di 
thiophosphate was the product of reacting two 
moles of cetyl phenol, one mol of P2S5 and one 

5 mole of ZnO. The sulfurized diparaffin sulfide 
was the product of reacting chlorinated paraffin 
(22% chlorine) with sodium polysulfide to yield a 
product containing 14% sulfur and 3% chlorine 
and heating this sulfur- and chlorine-containing 
product with free sulfur in the proportions of 100 
and 4.2, respectively, at 300° F. until all the sul 
fur dissolved. The said sulfur- and chlorine 
containing product can be prepared in the man 
ner described in Example 1 of Farrington et al. 
U. S. Patent No. 2,346,156. All the salts of Table 
II Were normal Salts. Base oil A was a solvent 
refined SAE 30 paraffinic oil of California origin. 
Base oil B was a solvent-refined SAE 30 Mid-Con 
tinent oil. Oil C was a solvent-refined SAE 50 
paraffinic oil of California, origin. 

In these tables, "PD No.' designates piston 
discoloration number. By piston discoloration 
number is meant this: After 30 hours and again 
after 60 hours, the engine is dis-assembled and 
the piston is inspected. To a piston skirt which 
is completely black is assigned a PD No. of 800; 
to one which is completely clean is assigned a 
PD No. of Zero; to those intermediate completely 
black and completely clean are assigned PD Nos. 
in proportion to the carbonaceous deposits. Ac 
tually, further refinements were employed in ar 
riving at PD NOS. hereinbelow disclosed, but since 
the same method was used in every case it is 
unnecessary to describe these refinements. 
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Table II.-Strip corrosion and Lauso? engine tests 

Base O Additives 

Nil----------------------------------------------------- 
14 mM/kg. Casulfonate----------------- 14 mMkg. 2n octadecyl selenomercaptide 
14 mMikg. Cd seig selenonercaptide---- 
14 nMkg. Sulfuried Caphenate.-------- 
7 E; Zn octadecyl selenomercaptide--Sulfurized Ca phenate. 
7 nM/kg. Pb octadecyl selenomercaptide-l-Sulfurized Ca phenate. 

2. 2n octadecyl selenomercaptide-Caphenate---- 7 mMfg. Cd octadecyl selenomercaptide--Caphenate.-- 
7 mMkg. Ba octadecyl selenopercaptide-Caphenate--- 
7 mMk. Casulfonate-7 mM/kg. Zn octadecyl seleno mercaptide. 

2 hrs. 48 hrs. 2hrs 30 hrs. Ors 

14 mMikg. Caphenate----------------------------------- 

Strip Corrosion-Wt. Loss, Engine Sets-PD 
. Ings, 

Additives 

Reference Compounding-------------------------- 
4.5 E. uried Ca phenate-4.5 nM/kg. 
Ca onate--6 nMAkg. 2n octadecyl selenomer 
cate 

9. ... Ca Elnate- nMkg. Zn octadecyl selenornercaptide. 
Ni-------------------------------------------- 0.8% Octadecyl selenomercaptain--i6 mMfg. Ba. m-cetoryE; 16 Mfg. 2n selenomercaptide----------- 
8 in ..2n octadecyl selenomercaptide--8 mMkg. Bagetoxyphenate. 
8 nMkg. Caphenate--8 nMkg. 2n octadecyl selenomercaptde. 
14 nMkg. Ca nate-14 makg. 2n octadecyl selenocercaptide. 
24 nMkg. Ca pate-4 mMkg. 2n octadecyl selenomercaptide. 
7 . Ba in-seto henate-7 mMkg. Pb 
Seii 8. g 

In Table IV below are given still further data, 
showing the performance of a low molecular 
weight selenomercaptide (zinc 2-ethyl exyl 
selenomercaptide, madé from 2-ethylhexylchlo 
ride) and of a high molecular weight, send mercaptide (zinc paraffin selenomercaptide, made 
from a chlorinated, low melting parafin wax). 

2-104B Specification, 
compounding of the present invention is evident 
from Table II. 
Oge or more selenium compounds of the in 

45 yention may be used as the only added material 
present in an oxidizable organic substance or 
they may be used in conjunction with other addi 

The superiority of the 

Base oils A and care the same as base oils A tives. For example, the selenium compounds of 
and C above. - the invention may be used advantageously in 

able 7 

Strip Corrosion-Wt, Ions, Engine Tests PD 
Base No. o Oil . 

24 Hrs. 48Ers. 72 Era, Or, O. 

A 4.5 mM/kg. Ca sulfonate-4.5 mM/kg. sulfurized C 1.5 13.0 12, Ei nM/kg. ; E. s -- -- -- O 0 a 
ea e 

O 2 rtet 10 mM/kg. Zn2-ethylhexyl 7.8 3. 23 10 2s fisconsin. ote 
O 8 mMfg. Caphenate--8mM/kg. 2n paraffin seleno- --9.4 --2.4 --21, O O Do. mercaptide. 

The data in Tables I, III and IV illustrate, 
among other things, the following: Most of the 
selenium compounds of the invention functioned 
to inhibit corrosion of copper-lead bearings. All 
of them functioned to promote piston cleanliness, 
as shown by the PD numbers. Especially good 
results were obtained with combinations of addi 
tion agents, such as the phenate-selenomer 
captide, sulfurized phenate-selenomercaptide 
and sulfonate-selenomercaptide combinations, 
The 'reference compounding' in base oil B 

was a multiple compounding which has passed 
exacting test requirements of Army Ordnance 

mineral lubricating oils in conjunction with 
metal salts of organic acids and/or metal salts 
of organo-substituted inorganic acids. These 
salts are used to improve various properties of 
lubricating oils, such as detergency, stability 
against oxidation, film strength, etc. Examples 
of such metal salts are calcium, barium, zinc and 
aluminum salts of cetylphenol; calcium, barium, 
zinc and aluminum salts of diamyl diphenol 
monosulfide; calcium, barium, zinc and alu 
minum salts of mono- and dicetyl esters of phos 
phoric acid; calcium, barium, zinc and aluminum 
salts of mono- and dicetylphenyl esters of dithio 
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phosphoric acids; calcium, barium, zinc and alu 
minum salts of naphthenic acids; Calcium, 
barium, zinc and aluminum salts of oil-soluble 
petroleum (mahogany) sulfonic acids; calcium, 
barium, zinc and aluminum salts of dibutyl di 
thiocarbamic acid; calcium, barium, zinc and 
aluminum salts of the reduced petroleum nitro 
gen base dithiocarbanates of Miller and Ruther 
ford U. S. Patent No. 2,363,012. Other metals 
(e. g., Sodium, lithium, magnesium and cobalt) 
and other acid radicals (e. g., aryl carboxylic 
acid, fatty acid, aliphatic polycarboxylic and 
thiophenol radicals) may be used instead of the 
aforementioned calcium, barium, zinc and alu 
minum metals and the aforementioned phenate, 
phenate Sulfide, phosphate, thiophosphate, naph 
thenate, sulfonate and dithiocarbamate radicals, 
respectively. Thus, from 0.1 to 2% of selenium 
compound and from 0.1 to 2% of metal Salt may 
be added to mineral lubricating oil, or greater 
amounts may be used to form a concentrate or 
Stock Solution. 
The selenium and tellurium compounds of the 

present invention are also useful to improve the 
film strength of lubricants, as shown by the foll 
lowing data: 

Table V 

Failure Weeks 
Testing Machine, 
600 R. P.M.) at 

Potide 
Solvent refined SAE 30 oil----------------------- 100 
Solvent refined SAE 30 ol--0.51% octadecyl 
Selenomercaptan------------------------------- 80 

Solvent refined SAE 30 oil--0.56%. 2n octadecyl 
Selenomercaptide------------------------------- 80 

In Table WI below are given the results of 
Oxidator tests of various selenomercaptains and 
Selenomercaptides in an alcohol-initiated pro 
pylene oxide polymer prepared as follows: 
In a pressure vessel provided with means of 

agitation and heating, 0.75 part by weight of 
metallic sodium was added to 32.1 parts of 2 
ethylhexanol, and the mixture stirred and heated 
to 200-220 F. while sweeping out the hydrogen 
evolved with nitrogen. After hydrogen evolution 
ceased, the vessel and contents heated to 240 F. 
Propene oxide having a water content of less 
than 0.1% was then added until the pressure in 
the vessel was 40 p.s. i. (pounds per square inch). 
As the polymerization progressed, additional 
propene oxide was added to maintain the pres 
sure at 40 p.s. i., while holding the temperature 
at 240 F., until 338 parts of propene oxide had 
been added. Thereafter the reaction mixture 
was stirred for an additional hour. After cool 
ing, the product was neutralized with acetic acid 
and water-washed three times. The remaining 
water and light ends were removed from the 
oil phase by stripping at a pressure of about 25 
mm, mercury with a pot temperature of about 
300 F. The residue was then faltered, and on 
analysis gave the following results: 
Wiscosity at 100 F., 321 S. S. U. (Saybolt Uni 

versal Seconds) 
Wiscosity at 210 F., 66.1 S. S. U. 
Wiscosity index, 144 
Hydroxyl number, 50 
The oxidation test was carried out in an ap 

paratus of the type described by Dornte in 'In 
dustrial Engineering Chemistry, vol. 28, page 26 
(1936), the sample being stirred while exposed 
to an atmosphere of oxygen. The "Induction pe 
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14 
rod' is taken as time in hours at which 100 gram 
sample of oil begins to absorb oxygen rapidly. 

Table VI 

Induction Additive Se Period 

Per cert 
Ni---------------------------------------------------- 0.0 
0.19% Octadecyl selenomercaptan---------- 0.037 0.2 
0.637% Octadecyl selenomercaptan---------- 0.12 2.. O 
1.91% Octadecyl selenomercaptan----- - 0.37 7. 
6i5% Zinc octadecyl selenomercaptide - 0.037 0. 
0.720%. Zinc octadecyl selenomercaptide -- 0.12 2.5 
2.15% Zinc octadecyl selenomercaptide------ 2.3 6.5 
1.76% Nickel octadecyl selenomercaptide. 2,37 4.2 
2.10% Barium octadecyl selenomercaptide--- 0.37 4.5 
2.2%. Thallium octadecyl selenomercaptide-- 0.37 8.5 
2.55%. Paraffin wax selenomercaptan-------- 0.37 4.5 
.35% 2inc dodecyl selenomercaptide-------- 0,3 2.0 

It will be seen from the above table that all 
the additives when used in amounts greater than 
about 0.10% selenium content greatly improve 
the base oil. 
This application is a continuation-in-part of 

our copending applications, Serial Nos. 59,027 and 
59,028, filled November 8, 1948, which are in turn 
continuations in part of our now abandoned ap 
plication, Serial No. 638,568, filed December 31, 
1945, 
We claim: 
1. A lubricant comprising a major proportion 

of an oxidizable polyether oil of lubricating vis 
cosity, which oil is substantially free from groups 
normally reactive with selenomercaptans and 
telluromercaptains, Said oxidizable oil containing 
a small amount, sufficient to inhibit oxidation 
of said oil of a compound of the structure 

wherein X is selected from the group consisting 
of selendum and tellurium, R is an aliphatic group 
of 5 to 30 carbon atoms and Y is selected from 
the group consisting of hydrogen and the hydro 
gen equivalent of a cationic Salt-forming group. 

2. A lubricant comprising a major proportion 
of an oxidizable polyether oil of lubricating vis 
cosity, said oil being a polymer of a lower molec 
ular weight alkylene oxide, said oil being sub 
stantially free from groups normally reactive with 
Selenomercaptains and telluromercaptains, said 
oxidizable oil containing a small amount, suff 
cient to inhibit oxidation of said oil of a con 
pound of the structure 

wherein X is selected from the group consisting 
of selenium and tellurium, R is an aliphatic group 
of 5 to 30 carbon atoms and Y is selected from the 
group consisting of hydrogen and the hydrogen 
equivalent of a cationic salt-forming group. 

3. A lubricant comprising a major proportion 
of an oxidizable polyether oil of lubricating vis 
cosity, which is substantially free from groups, 
including unsaturated groups, normally reactive 
with aliphatic selenomercaptains, and a small 
amount Sufficient to inhibit oxidation of said oil 
of an aliphatic selenomercaptain of 5 to 30 car 
bon atoms. 

4. The lubricant composition of claim 3 where 
in said polyether oil is an alcohol-initiated poly 
merization product of a lower molecular weight 
alkylene oxide. 

5. The lubricant composition of claim 3 where 
in the aliphatic selenomercaptain is present in 
a proportion of about 0.1 to about 5% by weight 
of the finished composition. 
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6. The composition of claim 1 wherein the REFERENCES CTED 
compound having the structure The following references are of record in the 

R-X-H fle of this patent 
is present in the proportion of about 0.1 to 5% by UNITED STATES PATENTS 
weight of the finished composition. Number Nanne Date 

7. The composition of claim 1 wherein in the 2,335,017 McNab ----------- Nov. 23, 1943 
compound of the structure 2,398,415 Denison et al. ------ Apr. 16, 1946 

R-X-Y o E. E.I. A 
Y is a metal, and said compound is present in 2,425.85 roussaintet ai. g E. 
the proportion of 0.1 to 5% by weight of the 2434678 2isman et al. III Jan. 2. 1948 
finished composition. 2,448,664 Fife --------------- Sept. 7, 1948 

8. The composition of claim 1 wherein the 2,473,511 Denison et all June 21, 1948 
added compound is zinc octadecyl selenomercap- 15 2.32 wit...I Dec. 13, 1945 
tide. Ak'? YW k Ya m r - - - - - - . . . . 

9. The composition of claim 3 in which the 
selenomercaptain is octadecyl selenomercaptan. 

WLLAM. T. STEWAR.T. 
JAMES O. CLAYTON. 20 


