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... -The present invention relates to an .improved
class. of. additives iparticularly .suitable for use
in lubricating oils and to the: compounded min-~
eral . oils' ‘and:.other- ‘hydrocarbon; products - in
which they are employed. - e
~Modern developments in the design of internal
combustion " engines, with increasing -engine
speeds and compression ratios, have imposed a
severe strain; on. the- lubricants .employed. ..In
particular, the crankcase oil is.raised- to a high
" temperature and in the course of its circulation
thrdilgh;stheﬂ engine is repeatedly exposed. to -air
under conditions. highly, conducive to destruc-
tive oxidation. - Oxidative breakdown of the -oil
results in the formation of acidic products which
corrode- bearing surfaces and do- considerable
harm to the engine generally. Furthermore, the
metallic - corrosion products have the effect of
eatalyzing further oxidative breakdown of the oil.
‘A number of compounds, more especially those
of the phenolic type, are known: which exert an
oxidation -inhibiting effect when added to min-
eral lubricating oils- and ‘other -hydrocarbon
products. - Their effect is-to prevent -oxidative
breakdown of the oil both on storage (long poten-
tial reaction time and low. temperdture) -and in
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It is readily prepared by treating the condensa-

-+~ tlon product of ‘acetaldehyde and ammonis with

hydrogen sulfide. Thialdine and the homologs of

- the same ‘which are useful for the purposes of
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the present invention may be represented by the
general formula

R—c';H ‘/(Bﬁ—a
\i :
where' R represents an ‘alkyl group of 1.t6°10
carbon atoms. - However, simple “thialdine in

.which R is methyl is preferred.
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use (short reaction time and high temperature). »

Although many antioxidants are. known.which
stabilize . the oil adequately on, storage, the
majority of them tend to break down with un-
desirable rapidity at high engine operating tem-
peratures. e

""A principal object of the presént invention is
to. provide a-new class of lubricating oil anti-
oxidants of good properties. Anothér, object is
to provide an antioxidant which is stable and
effective at relatively hizh engine temperatures.

Other objects and advantages will be apparent '

from the following description.

It has now been found, according to the present
invention, that the salts formed by reacting thi-
alditie or its homologs with carboxylic and thio=

carboxylic acids and the thio acids of phosphorus

are extremely effective antioxidants. for hydro-
carbon products liable to oxidation, especially
mineral lubricating oils.

Thialdine, . otherwise : known' as" 5.6~-dihydro-

2,4,6-trimethyl-1,3,5-dithiazine, is represented by

the structural formula
“CHs
T
CH-CHjy |

o
N
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Acids which may be used in forming: the thi-
aldine salts of the present invention’ include
mono- or dicarboxyli¢ aliphatic acids which may
be represented’ by ‘the genersal formulas, R'COOH
or ‘ ; . : R

. cooH . . .

: R ELEE NN S
: ‘ ”'\c'o‘OH_j;” L ST
where R’ represents, an aliphatic or sulfurized
aliphatic hydrocarbon radical -having : from 1-%0
30. carbon atoms..” The radical. R’ may be sat-
urated or unsaturated, _Straight - or- branched
chain, with or without cycloaliphatic substituent
chains, .or it. may be an; alkyl substituted cycio-,
aliphatic nucleus. . Examples -of suitable acids,
are the lower mono- -and:dicarboxylic acids such.
as butyrie, adipie, sebacic, and . decanoic -acids..
Higher acids include lauric, oleic, linojeie, ricin-,

. Oleic, palmitic, and stearic acids. ; Mixtures of.

acids, such as those obtained by the oxidation
of paraffin wax or other -high molecular weight
petroleum fractions, may also be used. : Sulfurized
acids, in which the suifur. is in the hydrocarbon
pared by heating the acid with elemental sulfur.or
with a sulfur halide, ,Examples are.sulfurized
oleic, sulfurized linoleic, and sulfurized, oxidized
wax acids. ‘Thio acids of the formula R’COSH, or

 radical, are particularly desirable and may be pre-

-~ Xanthie acids of the formula R’OCSSH, where

R’ has the same significance as above, may also
be used.’: The most preferred products; however;
are those prepared from the thio acids: of phos=

: phorus, such as thiophosphorous and thiosphoric

.- acids, both from the point of view of effectiveness’
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and from the point. of view of. ease of prepara-
tion. In general, ‘partially esterified.thiophos=
phates or -thiophosphites -are used :to:give the
mono- ordi-thialdine salt. ‘These partially esteri=

- fled .compounds: may. be prepared -by ‘Teacting:
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an organic hydroxy compound with a sulfide of
phosphorus. Thus, a compound of the formula
R’’OH, where R'’ represents an organic radical,
may be treated with phosphorus pentastlfide in
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30 minutes to & solution of 40.8 giams (0.25 mol)
of thialdine in 300 cc. of CHCl;, maintaining the
temperature below 35° .C: : After stirring for an
additional hour at room-temperature, ‘the prod-
uct was filtered and placed on a steam bath

710 remove the solvent. A wviscous brown liquid

was obtained, which upon analysis was found

“to .contain 5.5% - phosphorus, 22.19 sulfur, and
"2.4% mnitrogen. -

Example 2—Preparation of thialdine
- methylcyclohexyl thiophosphate

Methylcyclohexyl thiophosphoric acid was pre-

‘pared: by the method described in Example 1,
using 114 grams (1 mol) of methyleyclohexanol

and 55.5 grams (0.25 mol) of P2Ss.
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a molar ratio of 4:1, as shown below.
R”O\ %s B ‘
4RVOH 4+ Py —— 2 P i HpS e
weo’ eE
This product may then be reacted with one mol
of thialdine o give an addition product or ‘salt. |
CH;
- CH
R0 8 s/ \s
\P/ + CHs—-JJH (‘JH—OHa _—
R"o( \SH 7 ﬁ/
CHs.
du
: s/ \s
CHa—eH CH-—-CHs OR"
NE.HS—P
g\orw

The compound R''OH may be an alcohol, such
as a Ce to Ca0 aliphatic straight or branched
chain or cyclic alcohol with or without substitu-
ent groups such as halogen, sulfur, amino, or
nitro groups, or may be a phenol or an alkylated
phenol, 8 hydroxy ester, hydroxy ether, etc. In
Feneral,” the total-number of ‘carbon atoms in
the group R . should be from 2 to ‘30 and the
num &1 of ‘aliphatic carbon ators may be from 2
to 24, “Examples of suitable compounds are iso-
propyl ‘aleohol,” isobutyl “alcohol, 2-ethylhexanol,
iso<octyl alcohiol, Cs “Oxo0” alcohols, decyl alco-
hol, “Lorol” (C1~Cis) alcohols, methyleyclohexyl
alcohol, isopropyl cyclohexyl alcohol, mixed al-
cohols derived from paraffin-wax or from chlori-
nated paraffin wax, phendl, p-cresol, 2,4,6-tri-

-isobutylphenol, p-isooctylphenol, p - tert. - octyl-

phenol;ip-tért.-octylphenol sulfide, butyl lactate,
a-hydroxy butyl'stearate, the various glycol ethers
known- as “Cellosolves;” such as the: monobutyl
ether of ethylene glycol, etc.

The thialdine ahd homologous salts of-the pres~
en {rivenition ‘ may-be- ‘readily ‘formed’ by con-
tactihe® the- thialdine compound -with the aeid
at{'roomitemperature “Since heat'is evolved; the

: pared by the-method deseribed- in- Exam "le 1

- 165° C.) and 222 ‘grams (0.1 'mol)~ic
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‘The thialdine salt was also prepared by the
method described in Example 1, using 96.6 grams
€0.3- ‘mob) of - methylcyclohexyl thmphosphonc ‘
aeid and-49.0 grams (0.3  mol)."of thisldihe. “A
brown - ‘tacky : solid “Was’ obtained “which“upon
analysis was found to contain 6.0%: phosphorus,
24.5% sulfur, and 2.1%nitrogen.

Example 3 —Preparatzon of thzaldme sulfurzzed
- oleyl thzophosphate

Sulfunzed oleyl thiophosphorie- acid’ was' pre-

using’ 120 grams (0.4-mol) of stlfurizee
alcohol ~(prepared: by heatmg “eguimelart HaEn-
tities of ‘oleyl-alcohol and sulfur for oné -hour a_t
PsSs -

“The thialdine: ‘salt ‘was- prepared ‘as- descrlbed»
in Example' 1, usmg 97.2-grams: (014" mol) “of
sulfurized - oleyl “thiephosphoric -deid -and” 228
grams (0.14 mol)- of “thigldine. A -dark- hrown:
sticky solid" Wwas -obtainedwhich“upon: “ghaly-

= sis was found-to contain3.3% phOSphorusL 19 9%
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reaction is preferably conducted in the presence )

of an: inert solvent” and by contacting the-re-
actants - Eradually. - Suitable -solvents ‘include
¢hloroform, - ‘carbon - tetrachloride, ethylene di-
chloride benzene, and the-like.

~The following: examples illustrate the prepara-
tion-and testing of various- thialdine salts ac-
cording to-this invention, but it i8 to be under-
stoodthat these: examples do not limit the scope
of‘the invention in any way.

Emmple 1 —-Prepamtzon of thzaldme nonyl
. - thiophosphate

A mixture of 115.2- grams (0.8 -'mol) - of
v “Ox0” alecohol and 44.4 grams (0.2 mol) 0f PeSs

WES Tegted at-110% C: for-45 minutes with rapid -

stirring™ in"-a- 1-liter; -3-necked flask ‘equipped
with:a Stirrer; thermometer, and reflax condens-
er.-~The resultant-aeid was ‘then~ fltered- and
blown with nitrogen for 10-thinutes:
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A ‘solution -of 95.5- grams (0. 25 - mol) of- tl'ns

product (nonyl thlophosphorm geid) “in--100-
of 'CHCL ‘was @dded dropwise over'a period of

sulfur, and 1. 6% mtrogen

A migture of 113 grams (0.4 mol)- of- oleic‘ c1d

and 12:8 grams (0.4 mol)’ of sulfur Was heated for
1% hours at 165°

Example 1 using 94.4 grams. (03 mol) ‘of: sul-

furized oléic ‘acid and “49.0” grams (0.3 mol)- “of

thialdine. ' A dark ‘red liquid ‘was obtaihed which

upon analysis was found to contain 18 5% sulfur

and 2.6% nitrogen.

“These four. products” Were “then- tested m ‘the
laboratory for their inhibiting action against’ the
corrosion of “lead “in ‘copper=lead bearmgs, as
shown in the following examples

Ewample 5

“In this test the additives’ were ‘Blehde
by weight concentratmn in"an’ extracted, Id-‘
Continent oil"of S.AJE, 20 'grade and compara-
tive tests run on these blends dnd on s sample
of "the unbl‘e'n‘ded\011'“"The""t‘est“Was"c‘oﬁduc' d
as follows:

500 cc. of the oil was. pIaced in’ a gla.ss 0xi a-
tion tube 13 inches l6hig ahd’ 25/8 inches in
améter, fitted "at the Bottom with a’ % ine ;
inlet tube perforated to facilitate air d1str1bu-

. tion. The oxidation tube was then immersed in

a heating bath so that the oil temperature was
maintained at 325° F. throughout the test. Two
quarter sections of gutomotive bearings of copper-
lead alloy, of known:weight--and having a total
surface area of 25 sq. cms., were attached to op-
posite sides of a stainless steel rod which was then
immersed in the test oil and rotated at 600
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R. Pi:M., thus providing:sufficient -agitation  of
the: oil' during. the test. Airiwis then blown
through; the.oil at the rate.of 2 cu. ft. -per hour.
At-the end'of each four-hour period, the bearings
were removed, washed with naphtha, and weight-
ed. to determine the amount of loss by corrosion.
The bearings. were then. repolished “(to increase
the severity of the test) , reweishted and then sub-
Jected-to the test for additional four-hour penods
in like manner. -The-results are givenin the
following’ table as" “corrosion life;” which indi-
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cates the number of  hours;required for the

bearmgs to lose 100 mgs 1n weight determined

various periods.

Thialdine Salt ]
(Hours)

None (Base oil only)
Dinonyl thiophosphate (Ex. 1
Di(methyleyclohexyl)thiophosphate (Ex. 2)
Di(sulfurized oleyl)thiophosphate (Ex. 3).
Sulfurized oleate (Ex. 4)

Ezxample 6

To.confirm the results of this laboratory test,
under actual operating conditions, g further test
was run, using ‘a S."A, E, 30 extracted Coastal
oil containing 1% of the thialdine methyleyclo-
hexyl thiophosphate of Example 2 as crankcase
lubricant in a Lauson engine. 'The operating
conditions were -295° F. jacket temperature, 300°
P, oil temperature, and 1800 R, P. M, at 1.5:indi-
cated kilowatt load, and the duration of the test
was 25 hours.. At the end of the test the loss
in weight of. the copper-lead bearing was deter-
mined. A blank test was run for comparison,
using the base oil alone. The results of the test
are shown below.

Weight
o1l Loss per
Bearing
(mg.)
Baseoflalone.... L. . ... . llll .. 99
Blend o e 20

From the preceding examples it will be evi-
dent that the thialdine salts of the present in-
vention are effective antlomdants for lubricating
oils.

As previously stated, any of the alkyl homologs
of thialdine may be employed although thialdine
itself is preferred. The acid radical may be that
of a long chain aeid such as oleic, palmitic or
stearic acid; or lower mono- or dibasic acids such
as butyric, adipic or sebacic acid may be used.
Sulfur~containing acids are preferred in the
carboxylic acid class, and these may be readily
prepared, for example, by heating the acid with
elemental sulfur or with a sulfur halide.

The additives may be blended in the oil in
amounts of from about 0.02 to 5% by weight, 0.5
to 2% being the preferred range. For load-bear-
ing purposes quantities of 2 o 15% may be. used.
For handling and storage, concentrates contain-
ing 15 to 50% or more may be prepared.. These
may be added to base stocks to give blends of the
desired concentration.

In addition to the additives of this invention
there may also be added to the oil other conven-
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7%

\‘6.

tional radditivés: including - detergent: :type. addi-
tives, such as metal soaps,  metal:petroleuim sul-
fonates, metal phenatés, metal alcoholates, metal
alkyl phenol sulfides, and the like. : Examples: of
such :additional additives: are barium-tert.-octyl
phenol sulfide, calecium tert.~amyl phenol sulfide,
cadmium;or nickel: oleates, calcium phenyl stea-
rate, aluminum naphthenate and zinc methylcy-
clohexyl thiophosphate.: :

The Iubricating oil. base stocks used may be
straight mineral lubricating oils or d1st1llates de-
rived from any suitable or desired crudes, or, if
desired, blehded oils may be employed. The oils
may have been subjected to any conventional re-
fining-treatment such as acid; alkali and/or clay
treéatment,. or solvent extraction.:” Synthetié oils
such as those prepared by the polymerization of
olefins or by the Fischer-Tropsch synthesis may
alternatively be employed, alone, mixed, or in
combination with mineral oils.

Further types of additives which may be pres-
ent if desired include dyes, pour point depres- -
sants, heat thickened fatty oils, sulfurized fatty
oils, organo-metallic compounds sludge dispers-
ers, thickeners, viscosity index improvers, oiliness
agents, volatilized fats, waxes or oils, and col-
loidal solids such as graphlte or zinc oxide, ete.
Solvents and assisting agents such ‘as esters
ketones, alcohols, aldehydes, and halogenated. or
nitrated hydrocarbons. may  also’ be employed
where necessary or desirable.

Particularly suitable assisting agents are the Cs
and higher alcohols (preferably Csto Ciz) such as
lauryl and stearyl aleohols, and the “Oxo” al-
cohols of corresponding chain length.

In addition to being employed in lubricants, the
additives of the present invention may also be
employed in other hydrocarbon products sus-
ceptible o oxidative breakdown. Among these
may be mentioned motor fuels, mineral oil base
hydraulic fluids, torque converter fluids, cutting
oils, flushing oils, turbine oils, transformer oils,
industrial oils and process oils, natural and syn-
thetic hydrocarbon rubbers, and the like. They
may also be used in gear lubricants, greases, and
in other products.containing hydrocarbon oils as
ingredients.

What is claimed is:

1. As a new composition of matter, the salt of
a compound of the general formula

R
/‘EE
S 8
R—(IJH éH-—-R
7

&

wherein R is a Ci1 to Cio alkyl radical, and a thio-
phosphoric acid in which at least one of the
hydrogen atoms is replaced by a hydrocarbon
radical containing in the range of 2 to 30 carbon.
atoms. :
2. A composition as in claim 1 in which said
thiophosphoric acid has the formula

R’O\ /s
P/
R'O/ \SH
wherein R’ represents a monovalent aliphatic

hydrocarbon radical having in the range of 2 to
20 carbon atoms.
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- U8.sAscompositioreas:in clatm: 2:n:which all-of Number.:~ - - »Name ;. . -Date ..
sgid- R radicals are:methyl-radieals. +2;109,158 ~ :Teppema. ..._______.-Feb. 22, 1988
. 4.4 Ascomposition.asin claim; 3 wherein said R’ -2:920;156. . Jacobson _ ... . :Novi5;1940
.radicals.are methyleyclohexyl rdadicals. . = 2273664 sSearle. .- Feb: 17,1942
. £.5.:A composition.as in-claint 3 Wwherein said' R’ .5 -2/283,186 .Coghill ... .. May 19,1942
radicalsi-are:-nonyliradicals. 7 » .1 2;353,190 -Lincqlmet al. oo AJuly 11,1944
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