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The present invention relates to lubricating 
oils compounded with selenium-containing com 
pounds, such as dialkyl selenides, which attack 
Silver and like metals, thereby decreasing the ef 
fectiveness of the selenium compound in lubricat- 5 
ing oils. In order to prevent the loss of effective 
ness of the selenium compounds by attack on 
silver and like metals, certain protective agents 
Such as 2-mercapto-46,6-trimethylthiazine are 
added to the lubricating oils. 
As is well known, the present-day problems 

involved in the lubrication of internal combustion 
engines are extremely complex and difficult to 
overcome due mainly to the great load imposed 
on the bearings, the high engine Speeds, and the 15 
elevated operating temperatures. To avoid rapid 
deterioration resulting from such severe operat 
ing conditions, lubricating oils have been COm 
pounded with various improving or stabilizing 
agents. Of the various lubricating oil compound- 20 
ing agents, a group of highly effective additives is 
the selenium-containing organic compounds. 
For example, aliphatic mono-, di-, and higher 
poly-selenides, seleno-mercaptains, metal Seleno 
mercaptides, etc. are highly effective oxidation 25 
inhibitors. Unfortunately, oils compounded 
with such selenium-containing compounds are 
adversely affected by silver and like metals. The 
deleterious action involves a direct attack of the 
metal by selenium, resulting in a rapid discolora- 30 
tion of the metal surface and formation of metal 
selenides and the subsequent sloughing off of 
these metal selenides during engine operation. 
As the selenium of the selenium-containing Com 
pounds attacks the metals during engine Opera - 35 
tion, the effectiveness of the selenium compounds 
as addition agents in lubricating oils is consider 
ably decreased. For example, when a selenium 
compound is added to a lubricating oil to inhibit 
oxidation, the effectiveness of the Selenium con- 4 () 
pound is considerably decreased as the Selenium 
containing compound attacks the metal. Also, 
when the selenium-containing compound attacks 
the metals in an engine, there is a Substantial 
loss of bearing metal and a pitting of bearing 45 
Surfaces. 
Thus, it may readily be seen that when the 

selenium of a selenium-containing oxidation in 
hibitor attacks metals of bearing Surfaces, etc., 
there is a two-fold loss to the system, namely, a 50 
reduction in the effectivenss of the Selenium 
containing compound as an oxidation inhibitor 
and a loss of sensitive metal from the bearing 
surfaces during engine operation. It is apparent 
that in spite of the long desire to lubricate silver 65 
bearings with lubricants compounded With Sele 
nium compounds, it has been impractical to do 
so in view of the aforementioned difficulties. 

Because of these difficulties with lubricants 
containing selenium compounds, there is a tend 
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ency to eliminate the highly effective selenium 
containing additives from the Diesel lubricating 
oils, thereby losing the remarkable benefits of 
these additives. For example, heretofore, it has 
been undesirable to use these effective Selenium 
anti-oxidants in lubricants employed for engines 
containing silver bearings, Such as in certain 
railroad Diesel engines containing silver Wrist pin 
bushings. Alternative practices have been to 
eliminate the selenium-containing additives from 
the oil, allowing the oil to deteriorate more 
rapidly through oxidation; or include the Sele 
nium-containing additives, allowing the oil to 
deteoriate less rapidly through oxidation with a 
consequent selenium attack on the silver Wrist 
pin bushings. Because of the presence of the 
silver in many aircraft engines, it has not been 
feasible to use the highly effective Selenium-Conr 
taining aviation oil additives. 
Therefore, it is an object of this invention to 

provide a selenium compound-containing lubri 
cant which is stable to sensitive metals. Such as 
silver, whereby the effectiveness of the selenium. 
compounds as oxidation inhibitors is not reduced 
by the reaction of the selenium compounds with 
the sensitive metal Surfaces. 

In the attainment of these objects, the present 
invention concerns the combination of a lubri 
cant compounded with selenium compounds, and 
a silver-protective agent which greatly minimizes 
attack on silver by the Selenium compounds, 
whereby the essential functions of the selenium 
compounds are maintained at maximum activity. 
Now, through the use of the silver-protective 

agents in accordance with the present invention, 
lubricating oils compounded with Selenium-con 
taining additives can be used in Diesel oils, avia 
tion oils, and any other oils where selenium attack 
on sensitive metals is a problem, to provide a 
stable lubricant having selenium compounds of 
increased effectiveness. While the outstanding 
advantages of the action of the silver protective 
agents in lubricants containing Selenium com 
pounds is particularly apparent in heavy-duty 
motor oils, the inventive combination finds ap 
plication in turbine oils, gear oils, such as for 
use in hypoid gears, cutting oils, Soluble oils, 
greases, etc. 
The silver protective agents include 2-thio-thi 

azine compounds of which 2-mercapto-thiazine 
is the simplest member. Also included are the 
derivatives of said simplest member, wherein the 
mercapto-hydrogen may be replaced by a hydro 
lyzable group, and where there may be short 
chain saturated and unsaturated aliphatic groups 
substituted on the ring carbon atoms. The short 
chain Saturated and unsaturated aliphatic groups 
which may be substituted on the ring include the 
following: methyl, ethyl, propyl, butyl, octyl, eth 
enyl, propenyl, butenyl, octenyl, etc. It is pre 
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ferred that the thiazine ring contain not more 
than 4 substituents having a total of not more 
than 16 carbon atoms. It is preferred that each. 
substituent group on the thiazine ring contain not... 
more than 4 carbon atoms. By "short-chain ali-. 
phatic groups' is meant aliphatic groups contain 
ing not more than 8 carbon atoms. 
The hydrolyzable group is one Which may react : 

on hydrolysis to yield hydrogen in the mercapto: 
group, and includes cationic salt-forming atoms 
and radicals including metals (e. g., Sodium, po 
tassium, barium, calcium, zinc, aluminum, etc.), 
groups obtained by salt formation. With amines 
(e. g., trimethylamine, n-butylamine, dodecyl 
amine, ammonia, etc.), amide radicals (e. g., cy 
clohexylamide radical and organic carboxyl and . 
thionyl radicals such as benzoic and diethyl di- . 
thiocarbonyl radicals). 
Examples of 2-thio-thiazine compounds are: 2-. 

mercaptO4,6,6-trimethylthiazine; zinc. Salt of 2 
mercaptO-4,6,6-trimethyl thiazine; 2-mercaptor 
1,3-dihydrothiazine; : 3-mercapto-2,4,1-thiazine; 
2 - mercapto-4-methylthiazine; 2 - mercapto-4- 
ethylthiazine; 2-mercapto-4,6-dimethylthiazine; 
2 - mercapto-4-isobutenyl-6,6-dimethylthiazine;. 
4,66 - trimethylthiazine - 2 - cyclohexyl Sulfena 
mide; and the butyrate ester of 2-mercapto-thia 
Zine. Examples of 2-thio-thiazine, compounds 
also include the reaction products obtained by 
reacting a 2-mercapto-thiazine with the follow 
ing: carboxylic acids, alpha-beta, unsaturated ke 
tones, esters, olefins, nitriles, organometallic com 
pounds, Sulfonyl halides, ethylene oxide, anhy 
drides and acyl halides. 
Because of the greater effectiveness obtained, 

it is preferred to use 2-mercapto-4,6,6-trimethyl 
thiazine to prevent Selenium attack on silver. 
The 2-thio-thiazines embraced in this invention 

vary in effectiveness in minimizing the loss of the 
effectiveness of the Selenium compounds; some of 
the 2-thio-thiazines, for example, are: effective 
When used in amounts aslow as 0.001% (by weight 
of total composition). Certain of the 2-thio-thi 
azines have only limited solubility in the lubri 
cating oil and are effective at that solubility. All 
of the 2-thio-thiazines having sufficient solubil 
ity are effective When they are used in amounts 
as great as 5.0%. However, it is preferred that 
the compounds of this invention be used in 
amountS Sufficient to Substantially reduce the cor 
rosion of silver. 
use amounts of from 0.1% to 3.0 %. 
proportion of the lubricating composition: of the 
present invention is the lubricating oil or base oil. 

Beneficial effects of inhibiting selenium attack 
on silver and like metals may be obtained by us-, 
ing 2-thio-thiazole compounds in conjunction, 
With the 2-thiazine compounds. 

Examples of 2-thio-thiazoles are: 2-mercapto 
benzothiazole, N-cyclohexyl 2-benzothiazy sulf 
enamide; dodecyl amine salt of mercaptobernzo 
thiazole; Zinc Salt of mercapto-benzothiazole; 2 
mercapto-5-methylthiazole; 2-mercapto-5-ethyl 
thiazole; 2-mercapto-4-methylthiazole; etc. 

Suitable base oils include a wide variety of lu 
bricating oils such as naphthenic base, paraffin 
base, and mixed base mineral oils, other hydro 
carbon lubricants, e. g., lubricating oil derived 
from coal products, and synthetic oils, e.g., alkyl 
ene polymers (such as polymers of propylene, 
butylene, etc., and mixtures thereof), alkylene 
Oxide-type polymers, dicarboxylic acid esters and 
liquid...esters of acids of phosphorus. Synthetic 
oils of the alkylene oxide-type polymer which 
may be used include those exemplified by the al 

For example, it is preferred to . 
The major. 
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4. 
kylene oxide polymers (e. g, propylene oxide poly 
mers) and derivatives, including alkylene oxide 
polymers prepared by polymerizing alkylene OX 
ides, e.g., propylene Oxide, in the presence of Wa 

...terror alcohols, e. g., ethyl alcohol, and esters of 
alkylene oxide-type polymers, e. g., acetylated 
propylene oxide:polymers prepared by acetylat 
ing propylene oxide polymers containing hydrox 
yl groups. 

Synthetic oils of the dicarboxylic acid ester type 
include those which are prepared by esterifying 
such dicarboxylic acids as adipic acid, azelaic acid, 
Suberic acid, Sebacic acid, alkeny. Succinic acid, 
fumaric acid, maleic acid, etc., with alcohols such 
as butyl alcohol, hexyl alcohol, 2-ethyl-hexyl al 
cohol, dodecyl alcohol, etc. Examples of dicar 
boxylic acid ester-Synthetic oils include di-butyl 
adipate, dihexyl-adipate, di-2-ethyl-hexyl seb 
acate, di-in-hexyl fumarate polymer, etc. 
Synthetic oils of the type of liquid resters of 

acids of phosphorus, include: the esters of phos 
phoric acid, e.g., tricresyl phosphate; the esters: 
of phosphonic acid, e.g., di-ethyl ester of decane 
phosphonic acid or other Suchesters as obtained, 

5 by reacting alkyl phosphonyl chlorides. With hy 
droxyl-containing compounds such as phenols 
and aliphatic alcohols, and With olefin oxides such 
as propylene oxide, as described in Jensen et al., 
U. S. patent application. No. 86,856, now aban 
doned... 
The improved lubricant of the present inven 

tion is used. Where the effectiveness of Selenium 
compounds as lubricant additives is decreased 
by the attack on metals by the selenium of the 
selenium compounds. In order to evaluate, the 
Silver protective agents of this invention for their 
effectiveness in inhibiting reduction of activity of 
Selenium compounds, lubricants containing the 
Selenium compounds and the protective agents 
Were Subjected to a “silver strip’ test which WaS 
performed as follows: 
A silver metal strip having the dimensions of 

2/2" x 34' x as '' was first cleaned with a wire 
brush until the Strip was highly polished. The 
Strip Was Weighed and the weight recorded. This 
highly polished Silver strip was then placed in a 
600 ml. beaker in such a manner that the strip 
WaS completely immersed when 300 g. of the oil 
being tested was poured into the beaker. The oil 
was stirred at a temperature of 300 F. for twenty 
hours, at which time the silver strip was removed 
and cleaned, first With chloroform, then with 

The appearance of the strip. petroleum ether. 
was noted. - i.hose strips which had been severely 
attacked were quite black. The tested silver strip 
WaS Washed in a concentrated solution of cad 
mium chloride containing 10% of potassium 
Cyanide to remove the selenide film adhering to . 
the Strip. After the strip had been-washed with 
this cadmium chloride-potassium cyanide solu 
tion and dried, it was weighed. The difference in 
Weight of the original strip and the strip after 
the cadmium chloride wash was noted and re 
COrded as the weight lost due to reaction with the 
Selenium compound. 

In addition to being especially effective as pro 
tective agents for silver, the protective agents of 
this invention are effective in protecting other 
Selenium-sensitive metals from selenium attack. 
Such other Selenium sensitive metals include: 
copper, aluminum, and alloys of copper and alu 
minum. 
The following are illustrative of various se 

lenium-containing oxidation inhibitors reactive 
With silver: alkyl selenides (e.g., didodecyl mono 

r 
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selenide, octadecyl methyl monoselenide, octa 
decyl ethyl monoselenide, octyl dodecyl mono 
selenide, di-eicosyl monoselenide, dioctyl di 
Selenide, di-eicosyl diselenide, dilaury diselenide, 
dioctadecyl diselenide, and the various mono 
and polyselenides prepared by reacting SOdium Or 
other alkali metal mono- or polyselenides With 
halogenated, e.g., chlorinated hydrocarbons, Such 
as decyl chloride, dodecyl chloride, tetradecyl 
chloride, octadecyl chloride, heptadecyl chloride, 
chlorinated lubricating oil and chlorinated wax); 
selenomercaptains (e.g., methyl Selenomercaptain, 
octyl selenomercaptain, dodecyl selenomercaptan, 
tetradecyl selenomercaptain, hexadecyl Selenomer 
captain, octadecyl selenomercaptain, eicosyl Selenor 
mercaptain, paraffin wax selenomercaptain, phenyl 
methyl selenomercaptain, phenyl octyl Selenomer 
captain, phenyl dodecyl Selenomercaptain, phenyl 
octadecyl selenomercaptain, cyclohexyl selenomer 
captain, octyl cyclohexyl selenomercaptain, Octa 
decyl cyclohexy Selenomercaptain, etc.); metal 
selenomercaptain (e. g., the barium, calcium, So 
dium, zinc, strontium, aluminum, cadmium, 
nickel, lead and thallium salts of the above seleno 
mercaptains). 
Some of the above-indicated additives are more 

vigorous in their attack on silver than others, 
and, consequently, Such attack is more difficult 
to minimize. However, the Silver-protective 
agents are advantageously used, even With the 
more active Selenium additives. 
The agents of this invention may be used in 

lubricating oils containing, in addition to the 
selenium compounds, other additives Such as 
polyvalent metal phenates (e. g., calcium Cetyl 
phenate), metal organo-Sulfonates (e. g., cal 
cium petroleum sulfonate), polyvalent metal 
salts of acids of phosphorus, such as phosphates 
(e. g., calcium cetyl phosphate), phosphonates 
(e. g., calcium white oil phosphonate), thiophOS 
phates (e. g., calcium cetyl thiophosphates), 
phenols (e. g., 2,6-di-tertiary-butyl-4-methyl 
phenol), etc. 
The lubricant compositions of this invention 

may also contain other agents which are advan 
tageously present, such as oiliness agents, bloom 
ing agents, viscosity index improvers, pour point 
depressants, peptizing agents, etc. 

For the purpose of the tests described herein 
below, the silver protective agents of this inven 
tion were incorporated in a California, Solvent, 
refined S. A. E. 30 parafiinic base Oil Containing 
calcium petroleum Sulfonate, Sulfurized calcium 
cetyl phenate and a didodecyl monoselenide. 
Table I below presents data, obtained in the 

'silver strip test.' 
Table I 

Amount of Pro 

'EY E. TSE'S.E. Sedin upril-1'est-Weig 
Protective Agent cating Oil Loss (Mili 

(Percent by grams) 
weight) 

None---------------------------------------------- 98.0 
2-Mercapto-46,6-trimethyl 

thiazine----------------------- 0.3 43.3 

Table II below presents the results obtained 
When freshly polished silver Strips Were in 
mersed for 30 minutes at a temperature of 300 
F. in a California, solvent refined S. A. E. 30 
parafiinic base oil containing calcium petroleum 
sulfonate, sulfurized calcium cetyl phenate and 
0.2% by weight of various selenium compounds 
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with and without 2-mercaptors 4,6,6-trimethyl 
thiazine as a silver protective agent. The darker 
the appearance of the silver strip, the more pro 
nounced the attack on the silver by the selenium 
compound. 

Table II 

Amount of 
2-mercapto 
4,6,6-tri Selium Compound Added methylthia-Visual Appearance 

zine added 
(Percent by 

weight) 

l, Didodecyl monoselenide----------------- Deep dark brown, 
2. Didodecylinooselenide-- 0.3 Very light yellow. 
3. Didodecyl diselenide------------------- Light gray. 
4. Didodecyl diselenide.---- 0.3 Clean surface. 
5. Dioctadecyl diselenide----------...------- Black. 
6. Dioctadecyl diselenide--- 0.3 Brownish green. 
7. Octadecyl selenomercaptain-------------- Gray. 
8. Octadecyl selenomercaptain 0.3 Light brownish 

gray. 
9. Zinc octadecyl selenide------------------ Dark brownish gray. 
10. Zinc octadecyl selenide--- 0.3 Very light brownish 

green. 

0.4% by weight of selenium compound present. 
We claim: 
1. A lubricant consisting essentially of a major 

portion of a selenium-containing lubricating oil 
Composition corrosive to silver, and a Small 
amount, Sufficient Substantially to inhibit the 
formation of silver selenide resulting from the 
Selenium attack on silver, of a 2-mercapto-thia 
Zine wherein not more than four of the ring 
carbons contain aliphatic groups each of which 
has not more than 4 carbon atoms. 

2. A lubricant consisting essentially of a major 
portion of a Selenium-containing lubricating oil 
composition. Which is corrosive to silver, and a . 
Small amount, Sufficient substantially to inhibit 
the reaction between the Selenium of said lubri 
Cating oil composition and silver, a 2-mercapto 
thiazine Wherein not more than four of the ring 
carbons contain short chain aliphatic groups, 
Said aliphatic groups containing a total of no 
more than 16 carbon atoms. 
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3. A lubricating oil composition at least 95% 
of which is composed of an admixture of an oil 
of lubricating viscosity and lubricating oil addi 
tives having present selenium which reacts with 
Silver-Wearing Surfaces, and a small amount, 
Sufficient substantially to inhibit the reaction 
between the Selenium and silver, of a 2-mer 
capto-thiazine wherein not more than four of 
the ring carbons of the said mercapto-thiazine 
contain short chain aliphatic carbons. 

4. A lubricant consisting essentially of a major 
portion of a Selenium-containing lubricating oil 
composition which attacks silver directly to form 
Silver Selenide, and a small amount, sufficient 
Substantially to reduce the selenium attack on 
Silver, of a 2-mercapto-thiazine wherein not 
more than 4 of the ring carbons contain short 
chain aliphatic groups. 

5. A lubricant consisting essentially of a major 
portion of a selenium-containing lubricating oil 
composition which attacks silver-wearing sur 
faces to form Silver Selenide, and a small amount, 
Sufficient Substantially to reduce the selenium 
attack on silver, of a 2-mercapto-4,6,6-trimethyl 
thiazine. 

6. A Selenium-containing lubricating oil com 
position which forms silver selenide on silver 
Wearing Surfaces, and a small amount, sufficient 
Substantially to reduce this silver selenide forma 
tion, of a 2-mercapto-thiazine wherein not more 
than four of the ring carbons contain short 
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chain...aliphatic groups,' said. aliphatic groups: 
containing: a total. of not more than 16 carbon . 
atons. . 

7. A selenium-containing lubricating oil com". 
position which forms silver Selenide on Silver 
wearing surfaces, and a small amount, Sufficient 
substantially to reduce this silver Selenide for 
mation, of a 2-mercapto-thiazine Wherein not 
more than 4 of the ring carbons contain short 
chain aliphatic groupS. 

8. A selenium-containing lubricating. cil con 
position which forms, silver selenide on silver 
wearing surfaces, and a Small amount, Sufficient 
substantially to reduce this silver Selenide for 

5 
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8. 
mation, of 2-mercapto-4,6,6-trimethylthiazine. 

9. "Alubricant.composition: comprising: a major. 
proportion, of an oil. of lubricating ...viscosity,' a 3. 
Seleniunincompound which attacks Silver-Wear-r 
ing Surfaces to form; Silver Selenide, and a Small: , 
amount; sufficient: substantially to reduce the 
Selenium - attack i. on , Silver, of a 2-mercapto 
thiazine wherein not more than four of thering: 
carbons' contain short chain aliphatic groups. 
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