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BISPHOSPHORAMIDE-SULFUR COMPOUND 
CONTAINING LUBRICANT 

BACKGROUND OF THE INVENTION 

This invention relates to an improved lubricating 
composition. More particularly, this invention relates 
to a lubricating composition containing an additive 
combination having improved anti-oxidation and ex 
treme pressure properties. 
Hydrocarbon oils are partially oxidized when con 

tacted with oxygen at elevated temperatures for pro 
longed periods. The internal combustion engine is a 
model oxidator since it contacts a hydrocarbon motor 
oil with air under agitation and at high temperatures. 
Moreover, many of the'metals (iron, copper, lead, 
nickel, etc.) manufactured into the engine and in 
contact with both the oil and air are excellent oxidation 
catalysts which effectively increase the rate of oxida 
tion. The oxidation of motor oils is particularly acute 
in the modern internal combustion engine which is de 
signed to operate under heavy work loads and at ele 
vated temperatures. - 

The oxidation produces acidic bodies within the, 
motor oil which are corrosive to typical copper-lead 
and cadmium engine bearings. It has also been discov 
ered that the oxidation of the oil additionally contrib 
utes to piston ring sticking, the formation of sludges 
within the motor oil and an overall break-down of the 
viscosity characteristics of the lubricant. 
Several effective oxidation inhibitors have been de 

veloped by the lubricant industries and their employ 
ment has been utilized in almost all of the conventional 
motor oils today. Typical of these inhibitors are the sul 
furized oil-soluble organic compounds, such as, sulfu 
rized sperm oil, sulfurized fatty esters, sulfurized‘ter 
penes, sulfurized polybutenes and others. These inhibi 
tors, while exhibiting excellent anti-oxidation and ex 
treme pressure properties, are burdened by economic 
and oil contamination problems. It is preferred to main 
tain the sulfur content of the oil as low as possible while 
at the same time receiving the bene?ts of anti-oxidation 
and extreme pressure properties. A need therefore ex 
ists for an improved anti-oxidant that is stable at ele 
vated temperatures, that can be employed at reduced 
concentrations,'that is economical and easy to produce 
and that has improved ecological properties. 

It is therefore an object of this invention to provide 
an improved lubricating composition. 

It is an additional object of this invention to provide 
a lubricant composition having improved anti 
oxidation properties. 

It is another object of this invention to provide a lu 
bricant composition containing an anti-oxidant. 

It is another object to provide a lubricant composi 
tion having improved extreme pressure properties. 
An additional object of this invention is to provide an 

improved anti-oxidant for use in lubricating oils. 
A further object of this invention is to provide a 

method of inhibiting oxidation of a motor oil. 
Other additional objectswill become apparent from 

the following description of the invention and accom 
panying claims. 

SUMMARY OF THE INVENTION 

The aforegoing objects and their attendant advan 
tages can be realized by incorporating into a major por 
tion of an oil of lubricating viscosity a combination of 
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(1) an oleophilic organic sulfur compound containing 
from 3 to 40 weight percent sulfur and present therein 
as organic sulfides and polysulfides and (2) a bisphos 
phoramide having from 30 to 300 carbon atoms. 

I have discovered that the extreme pressure, antioxi 
dation and other properties such as anti-wear, etc., of 
a lubricant containing a conventional sulfurized or 
ganic antioxidant can be increased by the addition of 
a bisphosphoramide activator. Although the exact 
mechanism of the bisphosphoramide in promoting the 
anti-oxidation and other properties of the conventional 
sulfurized additives‘is unknown, I have found that the 
two compounds complement each other in a synergistic 
manner resulting in a combination having properites 
superior to either additive alone. 
With the instant combination, the amount of the sul 

furized anti-oxidant necessary'in order to impart'the 
desired properties to a motor oil blend is signi?cantly 
less than that amount needed vwhen the bisphosphora 
mide component is not present. 

DETAILED DESCRIPTION OF THE INVENTION 

The compositions of this invention are highly stable ~ 
lubricants and exhibit excellent oxidation stability, per 
form well in extreme pressure tests such as the Timken 

' load test and display good anti-wear properties. These 

30 

lubricants are quite useful ‘in motor oils for internal 
combustion engines, particularly in gasoline engines 
operated under elevated temperature conditions and 
for gear oils and industrial lubricants. 
The lubricant composition of this invention having 

improved anti-oxidation, extreme pressure and anti 
wear properties comprises (1)‘from 85 to about 99 
parts'by weight of a stable organic oil and of lubricating 
viscosity, (2) from 1 to 15 parts by weight of an organic 
sulfur compound containing from 3 to 40 weight per 
cent sulfur as organic sul?des and/or polysul?des and 
(3) from 0.05 to 1 parts by weightof a bisphosphora 
mide containing from 30 to 300 carbons. The ratio of 
the'organic sulfur-compound to ‘the bisphosphoramide 

' is maintained between about 5 and 80:1. 
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_ The OrganicSulfur Compound 

The organic sulfur compounds which may be em 
ployed in the practice of this‘invention include a wide 
range of compounds containing from 3 to 40 weight 
percent sulfur which ispresent within the compound as 
organic sul?des and polysul?des. The presence of sul 
fur in other forms, such as, sulfonates, sulfates, etc. 
may exist within the compound but is not included in 
thecalculation of the sulfur content of the organic sul 
fur compound. The'compound may contain elements 
other than carbon, hydrogen and sulfur without ad 
versely affecting properties of the composition and in 
clude elements such as, oxygen which may be present 
as ethers, ketones, carboxyls, esters, alcohols, etc., 
phosphorus, nitrogen present as amines, amides, im 
ides, etc. as well as metals such as alkali metals, alka 
line earth metals,.etc. 
One class of organic sulfur compounds which may be 

employed herein is the sulfurized fatty esters. These 
compounds’ are prepared by contacting sulfur with an 
unsaturated fatty ester under elevated temperatures. 
Typical esters include C, to C20 alkyl esters of C8-C2, 
unsaturated fatty acids, such as palmitoleic, oleic, ricin 
oleic, petroselinic, vaccenic, linoleic, linol'enic, oleos-' 
tearic, licanic, parinaric, tariric, gadoleic, arachidonic, 



3 
cetoleic, erucic, nervonic, _etc. Particularly good results 
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have been obtained with mixed unsaturated fatty acid ' 
esters such are obtained from animal fats and vegetable 
oils such as tall oil, linseed oil, olive oil, castor oil, pea 
nut oil, rape oil, fish oil, sperm oil, etc. 
Exemplary fatty esters include lauryl tallate, methyl 

oleate, ethyl oleate, lauryl oleate, cetyl oleate, cetyl li 
noleate, lauryl ricinoleate, oleyl acetate, oleyl stearate, 
etc. 
These compounds can be phosphosulfurized by con 

tacting the fatty esters with phosphorus pentasulfide 
along with the sulfur to produce a sulfurized 
phosphosulfurized ester. They may be further reacted 
with a C3 to C6 alkylene polyamine having from 2 to 5 
nitrogens to impart varnish inhibiting properties to the 
lubricant. 
Another class of organic sulfur compound which'may 

be employed in the practice of this invention includes 
sulfurized terpenes, such as sulfurized pine oil, sulfué 
rized terpinolene, sulfurized dipentene, sulfurized pi 
nene, etc. ' 

Sulfurized ole?ns such as C8 to C30 mono and poly 
ethylenically unsaturated aliphatic hydrocarbons may 
also be employed. Aromatic and alkyl sul?des may be 
employed such as dibenzyl sul?de, dixylyl disul?de, di 
cetyl sulfide, diparaf?n wax sul?de and polysul?de, etc. 
Paraffin wax thiomers as described in U.S. Pat. No. 
2,346,156 may be employed. 
Another type of organic sulfur compound which may 

be ‘employed is amido-substituted dithiazole-thiones. 
These compounds are believed to have the general 
structural formula: 

fl) . 
R— —NH—-—C:N 

l \ 

s\ /o=s 
s 

where R is a hydrocarbyl having from 8 to 24 carbons. 
Hydrocarbyl as de?ned herein is a monovalent organic 

V 
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radical composed essentially of hydrogen and carbon ' 
and may be aliphatic, aromatic, or alicyclic or combi 
nations thereof and may be saturated or unsaturated. 
The preferred hydrocarbyl is an alkyl. 
The amide substituted dithiazole compounds maybe 

prepared by reacting amino dithiazole-thione with a hy 
drocarbonyl chloride (RCOCL) in the presence of an 
inert reaction solvent at moderate reaction conditions. 
Another class of sulfurized compounds include Clo to 

C30 sulfurized hydroxyesters. These compounds are 
prepared by reacting a fatty acid of the type mentioned 
supra with a C2 to C20 aliphatic epoxide and then con 
tacting the reaction product with sulfur under elevated 
conditions. 
Another class of sulfurized compounds which may be 

advantageously employed in, the practice of this inven 
tion comprise the polyalkylphenol sul?des. These com 
pounds have the general structural formula: 

(R)! l i (R)XJI (R): 
wherein 
R is an alkyl having from 5 to 24 carbons, 
x is an integer from 1 to 3; , 

OH 
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y is an integer from 1 m5; and , 
z is an integer from 0 to 5. - 

_ Compounds having the above formula are prepared 
by contacting an alkylated phenolzwith sulfur mono or 
‘dichloride in the proper portions under elevated tem 
peratures. These compounds can be thereafter reacted 
with phosphorus pentoxide, 'an alkali or alkaline earth 
metal base or an amine. 
A particularly useful sulfurized compound because of . 

its multifunctional properties is a sulfurized metal phe 
nate. These compound are prepared by reacting an 
‘alkyl phenol ‘with sulfur and an alkaline earth metal 
base (e'.g., calcium hydroxide, barium hydroxide, cal 
cium oxide, etc.) in the presence of a mutual solvent. 
The resulting compounds have a generalized structural 
formula as follows: - 

CY 01’ OY _ 

| s>y.—|: olQ 
I i, R 2i, R _ 

wherein ' 

R is an alkyl group having from 8 to 35 carbons; 
y is an integer from 1 to 5; 
z is an integer from 0 to 15; 
Y is the same or different constituent selected from 
H or 1/2 M where the ratio of H to ‘k M is'propor 
tional to the ratio of M to alkyl phenol reacted; and 

M is an alkaline earth metal. 
The above formula represents a broad and simpli?ed 

version of the sulfurized compounds and it should be 
recognized that minor amounts of compounds not de 
fined by the above equation may be present in the reac 

R 

tion p'roduct mixture. The mutual solvent employed in ' 
the above reaction can comprise any stable organic liq 
uid having appreciable solubility for both the alkaline 
earth metal base and alkylphenol. Exemplary solvents 
include ethylene glycol, 1,4-butanediol, etc. 

Sulfurized alkaline earth metal phenates prepared by 
reacting an alkylated phenol with an alkaline earth 
metal base to form an intermediate metal phenate 
which is then sulfurized may be successfully employed. 
These compounds are more speci?cally described in 
U.S. Pat. No.‘ 2,360,302. 

The Bisphosphoramide 
The second component of the lubricant composition 

of this invention is a bisphosphoramide having from 30 
to 300 carbons. These compounds are prepared'by re 
acting a difunctional secondary‘ amine or alcohol with 
phosphorus oxychloride and a monofunctional amine, 
alcohol or mercaptan. It is believed that, the com 
pounds have a generalized structural formula as fol 
lows: 

0 o 

wherein 
X is the same or different element selected from ni 
trogen or oxygen; - _ 

Y is the same or different element selected from oxy 
gen, sulfur or nitrogen when X islnitrogen or nitro 
gen when both X’s are oxygen; ' ' 

n is an integer equal to 1 when' Y is oxygen or sulfur 
and 2 when Y is nitrogen; 
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m is an integer equal to 11-1, i.e., 0 when X is oxygen 
and 1 when X is nitrogen; 

R is a hydrocarbylene or dihydrocarbylene having 
from 2 to 18 carbons and preferably from 2 to 8 
carbons or the halo, keto, t-amino, amido, mono 
nitro, or alkoxy derivative thereof; 

R1 is the same or different constituent selected from 
hydrogen when Y is nitrogen or a hydrocarbyl hav 
ing from 1 to 24 carbons and preferably from 6 to 
20 carbons or the halo, keto, t-amino, amido, 
mono-nitro or alkoxy derivative thereof; and 

R2 is the same or different hydrocarbyl having 1 to 24 
carbons or a hydrocarbylene having from 2 to 18 
carbons and preferably from 2 to 8 carbons with 
one end of each R2 bonding to the other R1 or to 
said R when R is a dihydrocarbylene or the halo, 
keto, t-amino, amido, mono-nitro or alkoxy deriva 
tive of either of the above. 

As referred to herein, hydrocarbyl is a monovalent 
organic radical composed essentially of hydrogen and 
carbon and may be aliphatic, aromatic, or alicyclic or 
combinations thereof; e.g., aralkyl, alkyl, aryl, cycloal 
kyl, alkylcycloalkyl, etc., and may be saturated or eth 
ylenically unsaturated (one or more double bonded 
carbons, conjugated or nonconjugated). The preferred 
hydrocarbyl is an alkyl. The hydrocarbylene, as de?ned 
herein, is a divalent hydrocarbon radical which may be 
aliphatic, alicyclic, aromatic or combinations thereof; 
e.g., alkylene, arylene, alkylarylene, aralkylene, alkyl 
cycloalkylene, cycloalkylarylene, etc., having its two 
free valences on different carbon atoms. The preferred 
hydrocarbylene is an alkylene. The dihydrocarbylene, 
as defined herein is a quadruple valent hydrocarbon 
radical which may be aliphatic, alicyclic, aromatic or 
combinations thereof; e.g., dialkylene, diarylene, 
dialkylarylene, diaralkylene, dicycloalkylene, etc., hav 
ing less than three of its free valences on a single car 
bon atom and preferably having its four free valences 
on different carbon atoms. 
The various derivatives of the R, R1 and R2 groups as 

referred to herein'mean the substitution of the func 
tional group (halo, keto, etc.) on or within the R, R1 or 
R2 chain with less than 30 percent and preferably less 
than 5 percent of the available sites substituted. 
The above structural formula represents a simpli?ed 

version of the reaction product. The reaction product 
is not a pure compound having only one single struc 
ture, but, rather, is a mixture of numerous amidophos 
phorous compounds. The above formula indicates that 
there are two phosphorus atoms in each molecule. 
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However, because the composition is a mixture of com- . 
pounds, it is recognized that some molecules may have 
more than two phosphorus atoms such as polyphos 
phoramides and at the same time some molecules may 
have only one phosphorus atom as in monophosphora 
mide. Thus, it is apparent that while the above chemi- ' 
cal equation represents a general description of the-re 
action product, it should not be interpreted as limiting 
the invention to the exact structure as shown. 
Exemplary bisphosphoramides which may be em 

ployed in the practice of this invention include pipera~ 
zine bis(tetracocophosphoramide); piperazine bis(tet 
rnlaurylphosphoramide); piperazine bis(tetramyristyl 
phosphoramide); piperazine bis (dicocophosphora 
mide); piperazine bis(dilaurylphosphoramide); pipera 
zine bis (tetracocophosphorthioamide); piperazine bis 
(tetralaurylphosphorothioamide); piperazine bis(dieth 

65 

6 
yldicyclohexylphosphorothioamide); trimethylene 
dipiperazine bis (tetracocophosphoramide); diethylene 
glycol bis(tetracocophosphoramide); N,N’-diethyl-l ,3 
propane diamine bis (tetracocophosphoramide); piper 
azine bis (dilaurylphosphorthioamide); etc. 
The bisphosphoramides are prepared by reacting 

phosphorus oxychloride with a difunctional secondary 
amine or glycol and a monofunctional amine, alcohol 
or mercaptan. The reaction can be conducted non 
catalytically by merely contacting the three reactants 
within a suitable reaction vessel at a temperature from 
0° to 200°C and preferablyfrom 20° to 150°C. The re 
action pressure is not critical except that it is preferred 
to apply suf?cient pressure on ‘the system to maintain 
liquid phase conditions. Generally, the pressure will 
range from 10 to 50,0 psia and preferably from 14 to 35 
psia. ‘ l 

The difunctional amine or alcohol forms the bridging 
group between the two phosphorus atoms as shown in 
the structural formular supra. The monfunctional 
amine, alcohol or mercaptan, on the other hand, reacts 
with remaining halogens on the phosphorus oxychlo 
ride molecules to form the four terminal groups extend 
ing from the phosphorus atoms. ' 
The difunctional compounds which may be em 

ployed in the practice of this invention have the follow 
ing general structure: 

The de?nition of X, R, R2 and m ispresented supra 
under the description of the bisphosphoramide general 
formula. The dotted lines above illustrate the possible 
heterocyclic bonding of the R2 and R groups when X 
is nitrogen. For example, when R is a .dihydrocarbylene 
or substituted dihydrocarbylene, the two R2 groups 
bond to the center R group along path (1). Exemplary 
compounds of this structure include methylene dipiper 
azine, dimethylene dipiperazine, trimethylene dipipera 
zine, tetramethylene dipiperazine, diethyleneoxydipip 
erazine, bis(diethyleneoxy) dipiperazine, etc. When R > 
is a hydrocarbylene, one R2 group along path (2) forms 
a heterocyclic ring encompassing the two X atoms. Ex~ 
emplary compounds of this structure include pipera 
zine, 2,5dichloropiperazine, 2,5 dimethylpiperazine, 
etc. , 

Secondary diamines other than heterocyclic di 
amines may also be employed in the practice of this in 
vention. In this embodiment, the R2 groups are hydro 
carbyl or substituted hydrocarbyl radicals and R is a hy 
drocarbylene or substituted hydrocarbylene. Exem 
plary compounds of this type include N,N'diphenyle 
thylenediamine, N,N'-diethyl-o-tolidine; N,N'-diethyl 
o-dianisidine, N,N’-diethyl-l,3-propanediamine, N,N' 
di(p-chlorophenyl)ethylenediamine, N,N'-diethylcy 
clohexylenediamine, etc. - 

Difunctional compounds having two hydroxy groups 
(X in the above formula is oxygen) include C2 to C2,, 
primary diols such as trimethylene glycol, ethylene gly 
col, diethylene glycol, triethylene glycol, propylene gly 
col, dipropylene glycol, tetramethylene glycol, n 
propane-1,3-diol, 2-butene-1,4-diol, 2,2'thiodiethanol, 
neopentyl glycol, hydroquinone, chlorohydroquinone, 
naphthohydroquinone, phenyl-l,2-ethanediol, 2 
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anilino~l ,4-naphthohydroquinone, 2,7-dihydroxynaph 
thalene, etc. The preferred difunctional hydroxy reac 
tants have from 2 to 12 carbons. 

Difunctional compounds having one hydroxy group 
and one secondary amine group‘may also be employed. 
In this embodiment one of the X’s in the above formula 
is oxygen and the other X is nitrogen. Exemplary com- ' 
pounds of this type include, ,B-hydroxyethyle methyl 
amine, N-(a-phenyl-B-hydroxyethyl) ethylamine, etc. 
The preferred difunctional compounds are dihydroxy 

or diamino and preferably diamino. 
The mono functional compounds which may be em~ 

ployed in the practice of this invention have the follow- _ 
ing general formulai ' 

(R0,! Y e H 

wherein R1, n and Y are de?ned supra under the de 
scription of the'bisphosphoramide general formula. Ex 
emplary monofunctional compounds include C1 to C24 
monohydroxy alcohols, monomercaptans and primary 
or secondary monoamines. Exemplary monohydroxy 
alcohols include, methanol, propanol, butanol, penta 
nol, hexanol, octanol, cyclohexanol, 2-methyl cyclo 
hexanol, phenol, cresol, naphthol, p-chlorophenol, p 
methylphenol, etc. Exemplary mercaptans include 
methyl mercaptan, propyl mercaptan, butyl mercaptan, 
hexyl mercaptan, cyclohexyl mercaptan, naphthyl mer 
captan, p-butylphenyl mercaptan, B naphthyl mercap 
tan, etc. Exemplary monoamines include primary alkyl-, 
amines such as heptylamine, octylamine, dodecyla 
mine, tetradecylamine, hexadecylamine, octadecyl 
amine, etc; secondary alkylamines such as, diheptyla 
mine, N-ethyl-N-hexylamine, N-hexyl-N-octylamine, 
N,N-dioctylamine, and N-butyl-N-hexylamine, etc.; 
primary and secondary cycloalkyl and alkylcycloalk 
ylamines such as 2-ethylcyclohexylamine, N-ethyl-N 
cyclohexylamine, ' N-methyl-N-cyclohexylamine, 
N-propyl-N-cyclohexylamine, N,N-dicyclohexylamine, 
N-ethyl-N-cyclopentylamine, 2-propyl-3-ethylcy 
clohexylamine, etc.,; and primary and secondary aryl 
and alkylarylamines such as methylaniline, toluidine, 
N-ethyl-N-phenylamine, p-anisidine, nitroaniline, di 
phenylamines, N/,N-propylphenylamine, 2,4,6 tri 
chloroaniline, N-octyl-N-phenylamine, p-phenetidine, 
etc. 

Particularly preferred monohydroxy alcohols, mono 
mercaptans and monamines are prepared from animal 
and vegetable oils and fats. Typical natural oils and fats 
which may be employed in preparing the monofunc 
tional compounds include coconut oil, corn oil, rape 
oil, castor oil, peanut oil, cottonseed oil, linseed oil, 
olive oil, palm oil, safflower oil, soybean oil, tall oil, 
sperm oil, tallow, lard, etc. These oils are generally 
comprised of a mixture of saturated and unsaturated 
fatty acids such as caprylic, capric, lauric,'myristic, pal-' 
mitic, stearic,'arachidic, palmitoleic, oleic, ricinoleic, 
linoleic, eleostearic, ‘etc. The fatty acids are converted 
into the corresponding primary or secondary amine, 
alcohol or mercaptan by conventional processing 
means. 

The preferred monofunctional compounds are the 
Cw~C30 primary and secondary vegetable oil amines 
such as caprylamine, dicaprylamine, laurylamine, 
dilaurylamine, myristylamine, dimyristylamine, pal 
mitylamine, dipalmitylamine, etc. and mixtures 
thereof. 
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8 
The preferred bisphosphoramides of this invention 

are prepared by reacting a primary or secondary'mono 
amine having from 2 to 40 carbons with piperazine and 
phosphorus oxychloride. The compounds have the fol 
lowing general structure: 

(NRaR02 

wherein . 

R3 is hydrogen or preferably‘a hydrocarbyl having 
from 2 to 20 carbons; and 

R4 is a hydrocarbyl having from _2 to 20 carbons. 
The bisphosphoramides may be prepared by either a 

batch or continuous processing scheme. In a typical 
batch process, a reaction vessel, preferably constructed 
or lined with a corrosive resistant material such as 
glass, te?on, etc., is charged with a suitable inert reac 
tion solvent and the difunctional and monofunctional 
compounds. The contents of the reactor are stirred to 
disperse the reactants within the reaction solvent. The 
phosphorus oxychloride is‘ then introduced into the re- ' 
action vessel in contact with the other reactants. The 
reaction takes place spontaneously upon the contacting 
of these reactants to produce the bisphosphoramide. 
Since the reaction is also exothermic, care must be 
taken in the introduction of the reactants in order to 
avoid rapid increases in localized temperatures. Prefer 
ably, the phosphorus reactant is introduced into the 
vessel at a rate of 5 to 25 mols per 50 mols of difunc 
tional and monofunctional compounds per hour. This 
addition rate is not critical to the practice of this inven 
tion and only provides a convenient method of intro 
ducing the phosphorus reactant into the system without 
the problems of spontaneous boiling. For example, the 
phosphorus oxychloride may be charged to the reac 
tion vessel before either the difunctional or monofunc 
tional reactant, or in another alternative embodiment, 
the reactants may be charged to the vessel in an inter 
mittent manner. The reaction can also be conducted 
adiabatically with the heat of reaction effecting the 
necessary temperature increase in the system. 

In preferred embodiments, when a mercaptan or al 
cohol monofunctional reactant is employed, these 
compounds are contacted with the phosphorus oxy 
chloride prior to the introduction of the difunctional 
amine or at least before the stoichiometric amounts of 
difunctional amine is introduced into the reaction me 
dium. In this manner, the less reactive mercaptan or al 
cohol is allowed to partially react with the phosphorus 
oxychloride prior to the introduction of the more reac 
tive difunctional amine. When a dihydroxy difunctional 
reactant and amine monofunctional reactants are em 
ployed, it is, likewise, preferred to introduce the less 
reactive dihydroxy reactant into contact with the phos 
phorus oxychloride prior to'the addition of the amine 
reactant. 
During the course of the reaction, hydrogen chloride 

is released as a by-product. This by-product can be 
stripped from the reaction medium during or after the 
completion of the reaction. While stripping may be a 
convenient method for removing the material, the con 
ditions employed during the stripping steps in many in 
stances have an adverse effect on the product bisphos 
phoramide. Therefore, it is preferred to complex or 
neutralize the hydrogen chloide within the reaction me 
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dium concomitant with its formation. I have found that 
the complexing or neutralization step can be accom 
plished by admixing a stable basic compound or acid 
acceptor within the reaction medium. Exemplary acid 
acceptors include C1 to C20 trialkyl amines such as tri 
methylamine, triethylamine, tripropylamine, triiso 
propylamine, tributylamine, etc., basic hetarenes, such 
as pyridine, quinoline, picoline, pyrazine, etc., as well 
as basic metal compounds such as magnesium oxide, 
calcium oxide, calcium carbonate, magnesium carbon 
ate, alkaline earth metal hydroxides such as magnesium 
hydroxide, calcium hydroxide, barium hydroxide, etc., 
and alkali hydroxides such as sodium hydroxide, potas 
sium hydroxide and lithium hydroxide or alkali carbon 
ate or bicarbonate. 
The preferred acid acceptors are the trialkylamines 

and hetarenes since water is not produced in the neu 
tralization of the hydrogen chloride by-product. The 
presence of water is the system is to be avoided since 
it may react with the phosphorus oxychloride reactant. 
The crude bisphosphoramide can then be ?ltered to 

remove the liquid reaction medium and unreacted re 
actants. Although filtering is preferred, it is recognized 
that alternative puri?cation steps can be performed 
such as extraction, stripping, etc. 
As discussed supra, the 'reaction is preferably con 

ducted in the presence of an inert stable reaction sol 
vent. Exemplary reaction solvents which may be em 
ployed in the practice of this invention include C5 to 
C20 aliphatic or aromatic hydrocarbons such as hexane, 
octane, nonane, benzene, toluene, naphthalene, ethyl 
cyclohexane, etc., ‘halogenated hydrocarbons, hydro 
carbon esters, hydrocarbon ethers, etc., may be em 
ployed. ' 

The concentration of the various reactants within the 
reaction medium can vary over a wide range depending 
upon the reactants chosen, the reaction conditions, 
vessel construction, processing scheme, etc. Generally, 
however, the reactants will be present in the amounts 
shown in the following Table 1. ' 

TABLE 1 

BROAD PREFERRED 
RANGE RANGE 

COMPONENT (Weight %) (Weight %) 

Reaction Solvent 40 — 80 60 — 70 
Difunctional Compound 1 — l0 2 - 5 
Monofunctional Compound 10 - 50 20 — 4O 
Acid Acceptor 5 - 30 10 — 20 
Phosphorus oxychloride (l) 4 - l5 6 - 10 

(1) Based on the amount introduced into the reaction medium. 

The molar ratio of the reactants introduced into the 
reaction medium will generally vary from 3 to 5 mols 
of monofunctional compound and 0.4 to 0.6_mols of 
difunctional compound per mo] of phosphorus com 
pound. Preferably the reactants are present in substan 
tially stoichiometric amounts. ‘ 
The lubricant composition is prepared by simply ad 

mixing through conventional dispersing techniques, the 
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appropriate amount of organic sulfur compound and 
bisphosphoramide within a suitable lubricating oil. The 
selection of the particular base oil, organic sulfur com 
pound and bisphosphoramide, as well as the amounts 
and ratios each, depends upon the contemplated appli‘ 
cation of the lubricant and the presence of other addi 
tives. Generally, however, the amount of organic sulfur 
compound in the lubricating oil will vary from 0.5 to 10 
and usually from 1 to 6 weight percent in most applica 
tions and the bisphosphoramide will range from 0.05 to 
5 and usually from 0.1 to 1 weight percent based on the 
weight of the ?nal composition. The ratio of organic 
sulfur compound to bisphosphoramide will generally 
vary from 2 to 30:1 and usually from 5 to 20:1. 
The lubricating oil which may be employed in the 

practice of this invention includes a wide variety of hy 
drocarbon oils. Other oils include lubricating oils de 
rived from coal products and synthetic oils, e.g., alkyl 
ene polymers (such as, polypropylene, butylene, etc. 
and mixtures thereof) alkylene oxide-type polymers 
(e.g. alkylene oxide polymers prepared by polymeriz 
ing alkylene oxide such as ethylene oxide, propylene 
oxide etc., in the presence of water or alcohol, e.g. 
ethyl alcohol), carboxylic acid esters (e.g. those which 
wereprepared by esterifying carboxylic acids such as 
adipic acid, azelaic acid, suberic acid, sebacic acid, al 
kenylsuccinic acid, fumaric acid, maleic acid, etc., with 
the alcohol such as butyl alcohol, hexyl alcohol, 2 
ethylhexyl alcohol, pentaerythritol, etc., liquid esters of 
phosphorus, such as trialkyl phosphate (tributyl phos 
phate), dialkylaryl phosphate, triaryl phosphate (tri 
cresyl phosphate) etc. alkylbenzenes, polyphenyls 
(e.g., biphenyls and terphenyls), alkylbiphenyl/ethers, 
esters and polymers of silicon, e.g., tetraethyl. silicate, 
tetraisopropyl silicate, hexyl(4-methyl-2-pentoxy) 
disilica'te, poly(methyl)siloxane and poly(methyl 
phenyl) siloxane, etc. The lubricating oils may be used 
individually or in combinations whenever miscible or 
whenever made so by use of mutual solvents. Thelubri 
cating oils generally have a viscosity which ranges from 
50 to 5000 SUS (Saybolt Universal Seconds) and usu 
ally from 100 to 1500. SUS at 100°F. 

In addition to the sulfurized organic compound and 
the bisphosphoramide, other additives may be success- - 
fully employed within the lubricating composition of 
this invention without affecting its high stability and 
performance over a wide temperature scale. One type 
of additive which may be employed is a rust inhibitor. 
The rust inhibitor is employed in all types of lubricants 
to suppress the formation of rust on the surface of me 
tallic parts. Exemplary rust inhibitors include, sodium 
nitrite, alkenylsuccinic acids and derivatives thereof, 
alkylthio-acetic acid and derivatives thereof, substi 
tuted imidazoles, amine phosphates, etc. 
Other types of lubricating oil additives which may be 

' employed in the practice of this invention include anti~ 
foam agents (e.g., silicones, organic copolymers), sta 
bilizers, anti-stain agents, tackiness agents, anti-chatter 
agents, dropping point improvers, anti-Squawk agents, 
lubricant color correctors, extreme pressure agents, 
odor control agents, dispersants, detergents, anti-wear 
agents, such as tricrescyl phosphate and zinc dithio 
phosphate esters, etc. 
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In many instances it may be advantageous to form 
concentrates of the organic sulfur compound and the 
bisphosphoramide with or without a carrier liquid. The 
employment of concentrates provides a .convenient 
method of handling and transporting the compounds 
for their subsequent dilution and use. The concentra 
tion of the two components within the concentrates 
may vary from 50 to 98 weight percent of sulfurized or 
ganic compound, 1 to 20 weight percent bisphosphora 
mide and O to 45 percent diluent oil, although it is pre 
ferred to maintain the concentration between about 75 
and 95 weight percent organic sulfur compound, 4 to 
15 weight percent bisphosphoramide and O to 21 
weight percentdiluent oil. 

LUBRICANT PERFORMANCE 
The presence of the bisphosphoramide within the lu 

bricant composition promotes the extreme pressure 
and anti-oxidation properties of the sulfurized organic 
compound. With this combination, less of the sulfu 
rized compound is necessary in the lubricant to realize 
the desired anti-oxidant and extreme pressure proper 
ties. ' 

In addition to promoting the anti-oxidation and ex 
treme pressure properties of they organic sulfur com-, 
pounds, the bisphosphoramides impart substantial anti- ' 
wear properties to the lubricant and in many instance 
surpass the anti-wear properties imparted by tricresyl 
phosphate and zine dihydrocarbyldithiophosphate. 

It should be well recognized that the organic sulfur 
compound and bisphosphoramide mixture may be suc 
cessfully employed in lubricant applications wherein 
oxidation, extreme pressures or metal wear is a prob 
lem. Thus, the mixture may be employed in lubricating 
oil such as motor oils, turbine oils, gear oils, railroad 
diesel engine oils, tractor and truck diesel engine oils, 
two cycle gasoline engine oil, cutting oils, drilling oils, 
lapping, grinding and honing oils, lubricating oils for 
pneumatic devices such as jackhammers, sinkers, stop 
pers, drifters and down hole drills. 
The organic sulfur compound and bisphosphoramide 

mixture may also be useful in mist lubricants. In a mist 
lubricating system the lubricant is atomized in a mist 
generator and carried through conduits by an air 
stream. The lubricant droplets are coalesced and col 
lected at the lubricant site. Such systems permit simul 
taneous lubrication of several remote lubrication points 
from a central lubricant reservoir. _ 
The following examples are presented to illustrate 

the practice of speci?c embodiments of this invention 
and should not be interpreted as limitations upon the 
scope of this invention. 

EXAMPLE 1 I 

This example is presented to illustrate the prepara-v 
tion of a representative bisphosphoramide of this in 
vention. A two-liter resin flask equipped with a drop 
ping funnel, gas tube, stirrer and thermometer is 
charged with 315 g. of toluene, 303 g. of triethylamine, 
754 g. of dicocoamine and 43 g. of piperazine. The 
contents of the ?ask are stirred and heated to a temper 
ature of 50°C to uniformly disperse the dicocoamine 
and piperazine within the toluene solution. The con 
tents are cooled to 29°C and 155 g. of phosphorus oxy 
chloride are slowly added to the mixture through the 
dropping funnel for a period of approximately 1 hour. 
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A stream of nitrogen gas is passed through the reaction 
medium at a rate of about 200 milliliters per minute. 

After the phosphorus oxychloride has been charged 
to the reactor, the contents are heated to re?ux at a 
temperature of approximately l20°F for a period of 
about 1.5 hours. At the end of the reaction period the 
reactor contents are cooled and ?ltered to recover the 
filtrate. The ?ltrate is then washed with 700 ml. of 
water until the filtrate is free of chloride. The filtrate is 
stripped of toluene and the remaining waxy residue is 
calculated to have the following structural formula: 

where Coco is a mixture of alkyl groups derived from 
coconut oil fatty acids. 
An analysis of the product reveals the following: 

Calculated Found 
(weight %) (weight %) 

Nitrogen 5.0 3.6 
Phosphorus 3.7 2.3 

EXAMPLE 2 

This example is presented to demonstrate the prepa 
ration of piperazine bis (N,N'-diethyl-N,N'-dicyclohex 
ylphosphoramide). In the preparation, a 2-liter resin 
?ask equipped with a dropping funnel, gas tube, stirrer 
and a thermometer is charged with 380 g. of toluene, 
606 g. of triethylamine, 510 g. of ethylcyclohexylamine 
and 84 g. of piperazine. The mixture is heated to a tem 
perature of 50°C and stirred to disperse the amine reac 
tants within the toluene. Phosphorus oxychloride is 
then slowly introduced into the reaction medium at a 
rate of 300 g. per hour. During the addition of the phos 
phorus oxychloride the mixture is maintained in dry 
state by passing 200 ml. per minute of nitrogen gas 
through the reaction medium. After 310 g. of phospho 
rus oxychloride have been introduced into the vessel, 
further addition is terminated and the reactor contents 
are heated to‘ a temperature of approximately 120'C 
under refluxing conditions. The mixture is re?uxed for 
a period of 2 hours. The flask is then cooled and the 
contents ?ltered. The ?ltrate is washed with water to 
remove the chloride and thereafter stripped of toluene. 
The bisphosphoramide product is calculated to have 

. the following structure: 

55 

6 O 

omen, 0 o carom 
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N P-N N—P N 
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Li ' L‘) 2 , 2 

EXAMPLE 3 

In this example, diethylene glycol bis(tetracocophos 
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phoramide) is prepared. A 1 liter resin ?ask equipped 
with a stirrer, turned down condenser, thermometer, 
dropping funnel and a nitrogen gas inlet tube is charged 
with 64 grams of triethylamine, 10.6 grams of diethyl 
ene glycol, 600 milliliters of toluene and 151 grams of 5 phosphorus oxychlmide 
di(hydrogenated coco) amine (mol wt. 377). The mix 
ture is heated to about 50°C and stirred to dissolve its 
reactants within the toluene. Phosphorus oxychloride is 
then slowly introduced into the vessel, further addition 
is terminated and the ?ask is heated to a temperature 
of 100-110°C under re?uxing conditions for a period 
of about 71/2 hours. The flask is washed with water to 
remove the chloride ions and thereafter stripped of tol 
uene. The bisphosphoramide product is calculated to 
have the following structure. 

wherein Coco is the coconut oil fatty radical. 
An analysis of the bisphosphoramide reveals the fol~ 

lowing: 

Calculated Found 
(weight %) (weight %) 

Nitrogen 3.3 3.16 
Phosphorus 3.6 3.8 

EXAMPLE 4 

The procedure of Example 3 is repeated except that 
101 grams of di(hydrogenated coc) amine are em 
ployed and 13 grams of N,N'-diethyl-1,3 
propanediamine are employed in the place of the dieth 
ylene glycol. A proportionately lower amount of phos_ 
phorus oxychloride was also employed. The contents 
are re?uxed for a period of about 5 hours. The recov 
ered bisphosphoramide product is calculated to have 
the following structure: 

An analysis of the bisphosphoramide reveals the fol 
lowing: ' 

Calculated Found 
(weight %) (weight %) 

Nitrogen 4.9 3.5 
Phosphorus 3.6 3.7 

EXAMPLE 5 

The procedure of Example 1 is repeated except that 
trimethylene dipiperidine is substituted for the pipera 
zine and the following amounts employed. 

Moles Grams 

Trimethylene 4,4'<dipiperidine 42 0.2 
Triethylamine 111 1.1 
Toluene 500 — 
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-Continued 

Grams Moles 

Dicocoamine 302 0.8 
62 0.4 

The resulting bisphosphoramide is calculated to have 
the following structure: - 

O O 

An analysis of the compound reveals the following: 

Calculated Found 9 

(weight 7:) (weight %) 

i Nitrogen 4.6 I 4.0 

Phosphorus 3.4 4.8 

EXAMPLE 6 ‘ 

This example is presented to illustrate the prepara 
tion of a sulfurized organic compound which may be 
employed in the practice of this invention. A 5 gallon 
stainless steel kettle equipped with a stirrer, thermome 
ter, gas ef?uent vent and sparger is charged with 92 
parts by weight of a Cm-C15 alkyl tallate and 8 parts by 
weight of sulfur. The contents are mixed and heated to 
a temperature of 167°~173°C and maintained at that 
temperature for 3 hours. The product is observed to 
have a dark brown appearance and analysis reveals that 
it contains 7.6 weight percent sulfur. 

EXAMPLE 7 

The preparation of a sulfurized calcium phenate 
which may be employed in the practice of this inven 
tion is illustrated by this example. A 3 liter reaction ves~ 
sel equipped with a stirrer, thermometer, condenser 
and dropping funnel is charged with 661 grams of 100 
neutral oil, 747 grams of tetrapropylene phenol, 197 
grams of sulfur and 144 grams of calcium hydroxide. 
The mixture is heated to 260°F under a vacuum of 10 
mm Hg and vigorously agitated. Thereafter 0.346 
grams of ethylene glycol are added to the mixture over 
a 20 minute period and the temperature allowed to in 
crease to about 300°F. The temperature is maintained 
at 300°F under a 10 inch Hg vacuum for a period of 2 
hours. Thereafter, the temperature is increased to 
386°F over a 2% hours period while simultaneously re 
ducing the pressure to 11 mm Hg. The contents are 
maintained at a temperature of 386°F and a pressure of 
1 1 mm Hg for 15 minutes and thereafter cooled and fil 
tered. 
A sample of the crude sulfurized metal phenate is ?l 

tered through diatomaceous earth and found to contain 
5.54 wt. percent sulfurand 4.4 wt. percent calcium. 
The product had an alkalinity value of 1 14.3 mg 
KOH/gm. . 

EXAMPLE 8 

This example is presented to illustrate the'effective 
ness of the combination of a sulfurized organic com 
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pound and a bisphosphoramide in suppressing oxida 
tion over the use of either component individually. The 
oxidation test as employed herein measures the resist 
ence of the test sample to oxidation from pure oxygen 
with a Dornte~type oxygen absorption apparatus (R.W. 
Dornte, “Oxidation of White Oils,” Industrial and Engi 
neering Chemistry, Vol. 28, p. 26, 2936). The condi 
tions are atmosphere of pure oxygen exposed to the test 
oil maintained at a temperature of 340°F. The time re 
quired for 100 grams of the test sample to remove 1000 
ml. of oxygen is observed and reported in the follwoing 

‘ Table 2. 

In order to simulate the oxidation occurring in an in 
ternal combustion engine, a mixture of various soluble 
metal-naphthenates, typifying the metal analysis fre 
quently encountered in crankcase oils,,is mixed with 
the test oil. 
The experimental samples subjected to the above ox 

idation test consist of the following: Sample A contains 
98 weight percent of a neutral oil having a viscosity of 
480 SUS at 100°F., 1.8 weight percent of a-sulfurized 
alkyl tallate ester containing about 10 percent sulfur 
and 0.2 weight percent of a bisphosphoramide .pre 
pared by the method of Example 1. This sample is des 
ignated as containing the “combination” of additives. 
Sample B contains 98 weight percent of an identical 
neutral oil as used in Sample A, 1.9 weight percent of 
an identical sulfurized tallate as used in Sample A and 
0.1 weight percent of tricresyl phosphate. The sample 
is designated as containing the “sulfurized compound 
only”. Sample C contains 99.8 weight percent of the 
idential base oil as used in Sample A and 0.2 weight 
percent of an identical bisphosphoramide as used in 
Sample A. This sample is designated as containing the 
“bisphosphoramide only”. Sample D is 100 percent of 
the base oil employed in the above samples and is des 
ignated as containing “no additive". The results of the 
oxidation test with the above sample are reported in the, 
following Table 2. 

TABLE 2 

OXIDATION TEST 
Sample Additive Package Oxidation Life (hr.) 

A Combination 5.7 
B Sulfurized Compound 

only 3.3 
C Bisphosphoramide 

only 0.5 
D No additive 0.5 

As can be seen from the above table, the combina 
tion increase the oxidation life by 10 fold over the case 
of the bisphosphoramide only and no additive and by 
approximately 80 percent over the use of the sulfurized 
compound onlyfThis remarkable demonstration illus 
trates the unexpected synergism between the two com 
pounds in effecting improved oxidation stability. 

EXAMPLE 9 

The effectiveness of the instant combination in im 
proving the extreme pressure properties of a lubricant 
over any of the components individually is illustrated in 
this example. In this test a sample of the composition 
is subjected to a Timken Test (ASTM 2782-69T) to 
determine the load carrying capacity of the lubricant. 
This test measure the maximum load or pressure which 
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can be sustained by the lubricant without failure of 
moving contact surfaced by seizure or welding. 
The compositions tested in this example are as fol 

lows. Sample A contains 93.8 weight percent of a gear 
oil base having a viscosity at 100°F of 1700 SUS, 6 
weight percent of the sulfurized compound of the type 
produced by the method of Example 6 and 0.2 weight 
percent of a bisphosphoramide of the type produced by 
the method of Example 1. This sample is designated as 
containing a “combination” of additives. Sample B is 
identical to Sample A except that no bisphosphoramide 
is present. This sample is designated as containing the 
“sulfurized compound only”. Sample C isv the same as 
Sample A except that no sulfurized compound is pres 
ent. This sample is designated as containing the “bis 
phosphoramide only”. The results of the Timken test 
with the above samples is repeated in the following 
Table 3. 

TABLE 3 

’ TIMKEN TEST 

Sample Additive Package ' Load Passing (lb) 

A Combination 65 
B ' Sulfurized Compound only 45 
C Bisphosphoramide only 10 

The above table illustrates the effectivenessof teh 
combination of ' sulfurized compound and bisphos 
phoramide in effecting superior passing loads over ei 
ther component individually. The Timken load is indic 
ative of the extreme pressure properties of the lubri 
cant with a higher load connoting superior E.P. 

EXAMPLE 10 

This example is presented to illustrate the effective 
ness of the bisphosphoramides in promoting the ex 
treme pressure properties of railroad oils containing 
sulfurized alkaline earth metal phenates. In this exam 
ple several samples are subjected to a silver thrust 
washer test. The apparatus of this test is prepared by 
soldering to a back of soft steel washer, a silver test 
washer composed of 99.9percent pure silver. Both the 
silver and the steel backing are nominally 1/8 inch in 
thickness, 1.3 inches OD. and 1.0 inch ID. The silver 
surface is grooved by three equally spaced ‘5!; inch slots. 
A 0.0l-inch-deep and 1/32 inch-wide slit is cut across 
the center of each of the three raised silver surfaces. 
The silver washer is annealed after machining and 

after each use to remove any work hardening in the sil 
ver. The annealing is carried out at 650°F for one half 
hour and allowed to cool to room temperature. Follow 
ing annealing, both, sides are surface lapped to obtain 
a smooth‘ flat surface of approximately 9-12 micro_ 
inches ?nish. 
The steel test specimen is made to duplicate the met 

allurgy of the wrist pin steel in the EMD locomotive en 
gine. The material is AISI Steel No. 862011. Heat treat 
ment to a minimum hardness of 58 Rockwell C is 
achieved by carburizing for 0.04-0.05 ?nish case 
depth, pit cool; reheating to 1,475°F. and oil quench 
ing; followed by tempering at 400°F. for 8 hours. Both 
sides are ?nished-lapped to a ?nish of 3-5 microinches. 
Nominal dimensions are 1% inches OD, 0.9 inch ID, 
and 0.2 inch thick. 
A motor-driven mechanism is used to obtain oscilla 

tory motion at the test surfaces. A 20 cc. sample of test 
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oil is employed in the oil cup, the apparatus assembled 
and the oscillatory motion begun. The apparatus is run 
for'lO minutes without heating. At the end of the 10 
minutes, there is a 35 minute heatup as the temperature 
is raised to 350°F., followed by 45 minutes of constant 
temperature operation at 350°F. The load during the 
test is maintained contiuously at 4280 psi at the bearing 
surfaces by means of a calibrated spring. 
The power, as measured in watts, required to main 

tain the oscillatory motion at the test surface is mea 
sured and reported in the following Table 4. The power 
requirement of the motor is indicative of extreme pres 
sure properties of the lubricant with a lower power re 
quirement connoting a superior E.P. lubricant. 
Four test lubricants are subjected to the above silver 

thrust washer test. Test sample A comprises (1) 99 
weight percent of a 40 grade lubricating oil having a 
viscosity index of 73 and containing a conventional 
succinimide dispersant and 79 millimole per kilogram 
of oil ofa carbonated sulfurized calcium polypropylene 
phenate containing 9.25 weight percent calcium, 3.73 
weight percent sulfur and 4.6 weight percent equiva 
lent CO2 and (2 ) 1 weight percent of a cross-sulfurized 
alkyltallate and cracked wax olefin. This sample is re 
ferred to as containing a sulfurized calcium phenate 
and a sulfurized ester only. Test sample B comprises (1 
) 98.8 weight percent of the lubricating oil containing 
a succinimide dispersant employed in test oil A, and 79 
millimoles per kilogram of the sulfurized calcium phe 
nate as employed in test oil A, (2 ) 1 weight percent of 
the sulfurized ester as employed in test oil A, and (4) 
0.2 weight percent of a bisphosphoramide of the type 
prepared by the method of example 1. Test oil C com 
prises 100percent of the test oil as employed in sample 
A and 34 millimoles per kilogram of oil of a sulfurized 
calcium polypropylene phenate containing about 4.5 
wt. percent calcium and 4.9 wt. percent sulfur. This test 
oil is referred to herein as containing a sulfurized cal 

15 

25 

30 

35 

cium phenate only. Test sample D comprises 99.8 ‘ 
weight percent of test oil C plus 0.2 weight percent of 
a bisphosphoramide prepared by the method of exam 
ple 1. This test sample is referred to as containing a sul 
furized calciumphenate and a bisphosphoramide. 
The above test samples are subjected to the silver 

thrust washer test as defined above with the results 
being reported in the following Table 4. 

TABLE 4 

SILVER THRUST WASHER TEST 
Sample Additives ' Power (watts) 

A Sulfurized calcium phenate 
Sulfurized ester 250 

B Sulfurized calcium phenate 
sulfurized ester ' 

Bisphosphoramide ' 185 
C Sulfurized calcium phenate 230 
D sulfurized calcium phenate 

Bisphosphoramide 177 

The above table clearly illustrates a signi?cant de 
crease in power consumption (250 to 185 watts and 
230 to 177 watts) by employing a bisphosphoramide in 
combination with the sulfurized compounds. 
The above examples repersent specific embodiments 

of the practice of the instant invention and should not 
be interpreted as limitations on the scope of the inven 
tion as defined by the appended claims. 
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I claim: 
1. A concentrate comprising (a) from 50 to 98 

weight percent of an oleophilic organic sulfur com 
pound or mixture thereof containing ‘from 3 to 40 
weight percent-sulfur and selected from the group con 
sisting of sulfurized esters, sulfurized terpenes, sulfu 
rized olefms, aromatic sulfides, alkyl sul?des, amido 
substituted dithiazole-thiones, sulfurized hydroxy es 
ters, polyalkylphenol sulfides and sulfurized alkaline 
earth metal phenates, (b) from 1 to 20 weight percent 
of a bisphosphoramide prepared by contacting within 
a liquid phase reaction medium (1 ) phosphorus oxy 
chloride (2 ) a difunctional compound having the 
structure: 

nxinfxrr 
(from-4R2)... 

wherein X is the same of different element selected 
from nitrogen or oxygen, R is a hydrocarbylene having 
from 2 to 18 carbons or a dihydrocarbylene having 
from 2 to 18 carbons; m is an integer equal to 1 when 
X is nitrogen and 0 when X is oxygen; R2 is (a) the 
same or different hydrocarbyl having from 1 to 24 car 
bons or (b) a hydrocarbylene having from 1 to 18 car 
bons with one end of each R2 hydrocarbylene bonding 
to the other R2 hydrocarbylene or to said R when R is 
a dihydrocarbylene; and (3 ) a monofunctional com 
pound having the formula: 

wherein Y is the same of different element selected 
from (i) oxygen, sulfur or nitrogen when X is nitrogen 
or (ii) nitrogen when both X’s are oxygen; n is an inte 
ger equal to 1 when Y is oxygen or sulfur and 2 when 
Y is nitrogen; and R, is the same or different constitu 
tent selected from (i) hydrogen when Y is nitrogen or 
(ii) a hydrocarbyl; said contacting being conducted at 
a temperature of about 20° to 150°C and at a’pressure 
sufficient to maintain a liquid reaction medium, and (c) 
from 0 to 45 weight percent of a diluent oil. 

2. The composition de?ned in claim 1 wherein said 
difunctional compound is selected from piperazine, 
methylene-dipiperazine, dimethylenepiperazine and 
trimethylenedipiperazine. ' 

3. The composition de?ned in claim 1 wherein said 
oleophilic organic sulfur compound is selected from 
the group consisting of sulfurized C1 to C20 alkyl esters 
of C8 to C24 fatty acids, sulfurized C8 to C30 unsaturated 
aliphatic hydrocarbons, C10 to C30 sulfurized hydrox 
yesters, polyalkylphenol sul?des, and sulfurized metal 
phenates. 

4. The composition defined in claim 3 wherein said 
bisphosphoramide is the reaction product of dicoco 
maine with piperazine and phosphorus oxychloride. 

5. A lubricating composition comprising (1 ) a major 
amount of an oil of lubricating viscosity, (2 ) from 0.5 
to 10 weight percent of an oleophilic organic sulfur 
compound or mixture thereof containing from 3 to 40 
weight percent sulfur and selected from the group con 
sisting of sulfurized esters, sulfurized terpenes, sulfu 
rized olefms, aromatic sulfides, alkyl sulfides,- amido 
substituted dithiazole-thiones, sulfurized hydroxy es 
ters, polyalkylphenol sulfides and sulfurized alkaline 
earth metal phenates, and (3 ) from about 0.05 to 5 
weight percent of a bisphosphoramide prepared by re 
acting (a) phosphorus oxychloride (b) a difunctional 
compound 'of the formula: 
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wherein X is the same or different element selected 
from nitrogen or oxygen; 
R is a hydrocarbylene having from 2 to 18 carbons or 
a dihydrocarbylene having from 2 to 18 carbons; 

m is an integer equal to 1 when X is nitrogen and 0 
when X is oxygen; 

R2 is the same or different hydrocarbyl having from 
1 to 24 carbons or a hydrocarbylene having from 
I to 18 carbons with one end of each R2 hydrocar 
bylene bonding to the other R2 hydrocarbylene or 
to-said R when R is a dihydrocarbylene; 

and (c) a monofunctional compound having the for 
mula: 

(R011 Y H 

wherein ‘ 

Y is the same or different element selected from (i) 

5 
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oxygen, sulfur or nitrogen when X is nitrogen or ' 
(ii) nitrogen when both X’s are oxygen; 

n is an integer equal to 1 when Y is oxygen or sulfur 
and 2 when Y is nitrogen; 

R1 is the same or different constituent selected from 
(i) hydrogen when Y is nitrogen or (ii) a hydro 
carbyl having from 1 to 24 carbons. 

6. The composition defined in claim 5 wherein said 
X is nitrogen, said Y is nitrogenand said R2 is a hydro 
carylene. 

7. The composition defined in claim 5 wherein said 
difunctional compound is selected from piperazine, 
methylene dipiperazine, dimethylene piperazine and 
trimethylene dipiperazine. - 
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8. The composition defined in claim 5 wherein said 

oil of lubricating viscosity is present in major amounts, 
said organic sulfur compound is present at a concentra 
tion of l to 6 weight percent and said bisphosphora 
mide is present at a concentration of 0.1 to 1 weight 
percent. 

9. The composition defined in claim 5 wherein said 
organic sulfur compound is a sulfurized C, to C20 alkyl 
ester of an unsaturated C3 to C24 fatty acid. 

10. The composition defined in claim 9 wherein said 
oil has a viscosity of 50 to 5000 SUS at a temperature 
of 100°F. 

11. A composition of matter comprising a major por 
tion of an oil of lubricating viscosity containing 

1. from 0.5 to 10 weight percent of an oleophilic or 
ganic sulfur compound containing from 3 to 40 
weight percent of sulfur present as organic sul?des 
or polysul?des or mixtures thereof and selected 
from a C1 to C20 alkyl ester of a C8 to C24 unsatu 

_ rated fatty acid or a sulfurized alkaline earth metal 
phenate; and I 

2. from 0.05 to 5 weight percent of a bisphosphora 
' mide having the formula: 

(NRsRDa 

wherein‘ 
R3 is hydrogen or a hydrocarbyl having from 2 to 
20 carbons; and 

R4 is a hydrocarbyl having from 2 to 20 carbons. 
* * * * * 
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