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This invention relates' to' itiproved lubricating com-
pesitions and a class, of organic: compounds particularly
adapted to improve the properties’ of liguids and/or solids
which are suitable for use as fluid: lubricants, greases,
coolants, rust- and/or corrosion-inHibiting compositions,
coating compositions, and the like. More particularly,
this invention pertains to lubricants sueh as natural or
synhthetic: lubricasnts, emulsions; aqueous” solutions; and
organic’ and/or inorgasic materials which can-be adapted
for’ lubricating: purposes; which- lubricants possess- imi-
proved chaarcteristics due to the addition theréto: of a
class of multifunctional organic compounds capable of
stabilizing and imparting extreme pressure, anti-wear,. and
anti-foulinig properties to lubricating compositions, as well
as acting as an inhibitor of oxidation and corrosion.

It is well knowii that vazious: lubgicants; whether doped
or undoped;, tend to’ exidizZe and to forni corrosive bodies
and sludge whed: used” in® moders epgines and: machines
opersting. under ordidary conditions: of - at high' speeds,
IoWw or elevated: temperatiires; under héavy loads: and/or
other adverse. conditions. - Somie: ¢f the: déterioration
products of lubricants formed during their use: are hard
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carbonaceous materials which adhere to metal sutfaces -

and cause scratching and scuffing of movable metal parts
as well as sticking of valves and piston rings in engitier
Many lubricants are generally incapable of mainfaining
a continuous lubricating film between movable parts,
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diesel engines and the like. Such additives serve & very
important function because, by modifying: this' carbona-
ceous’ material’ so- that it can: be removed easily; the
tendency of engitie’ parts: to- become stuck is* decreased
so that the ringgticking, piston scuffing, scrdfching, and
wearing away of engine parts are preventeéd or materially
inhibited.

Other additives have been developed for the purpose
of acting as detergeiits: in' lubricants ir: order to dssist im
the peptization: o soot,. sludge; varaish, or lacquer formed
from deterioration: of. the oill when subjected to high
operating temperatures. . Detergents; due: to their clean=
ing and- dispersing action, prevent the deposition: ofr these
deleterious . materials: and: assist- in their remioval.. - Artis
wear additives: have' the property: of reducing: the: wear
of movable metal: parts;

The use of: & plurality of: additives in a single: labricant
bas: been: due- to; the fact that: most’ such additives are
capable of functioning. in: substantially only one’ specific
manner: Thus, a good: antioxidant may wot: be able to
inhibit lacquer and: varnish formation' on piston. rods: og
tor act as a detergent or corrosion: inhibitor; In: miHny
cases: it is found- that. ani additive possesses very good
properties in one respect;. but is detrimental as an: addiz
tive in: ariother respect. Therefore a.second additive may
be: requiired: to-counteract a: detrimental effect. of: an: others
wise: desirable: additive. The combination of additives
in¢ lubricants wherein: each: additive: exerts: its desired i
fluence: without: adversely interfering with the functions
of cther additives isi a: difficult goal to attain.

Additives which are: used: in. lubricants for indusfrial
purposes such as in: cutting; drawing, quenching, and
rolling operdtiens: must impatt- to: said’ lubricarts fili
strength, corrosion-inhibiting, and detergent properties;
as well as aid the base lubricant to. cool and Iubricate the
base metal or other strfaces: under the most adverse con-
ditions of lubrication: and the like.

It is a principal object of this:invéntion to provide im-
proved lubricating compositions. comprising various fluid
lubricating media- and' a multifunctional additive material,

_ Anéther ebject of this invéntion is to add to compounded

which results iif a gradial of rapid wearing away of metal -

parts. The damage thus caused requires replacement of
such parts or even the complete overhauling of engines
and machines, resuiting in expensive: loss of productien
and time. :

In the casé¢ of the highest quality rion-corrosive stable -

lubricating oils, which hiave been highly refined for
specific uses, or synthetic lubricants developed for specific
or specidl uses, it has been: obsetved that such: oils: or
lubricants are generally highly susceptible’ to oxidation
and: deterioration;: becoming. progressively more corrosive
in efginés. and machiries’ even: under ordinafy operatitig
conditions. : _

To improve the labricating properties of oils' and. syri-
thétic lubricants: it has become the practice to blerd: with
various® lubricants: at' léast one addition - agert, which
additive has the-effect or property of inhibiting deteriora-
tion: of. lubricants and: imiparting: to’ theny certain beneficial
properties: Thus, ddditives: hdve béen specifically de-
signed- which have-the property of inhibiting the corrosion
of alloyed: bearings; such as copper-lead, cadmium-silver,
and like bearitigs developed: for automotive, diesel, and
aircraft engines; due’ to acidic: oxidation or decomposition
components formed: in: lubricants- during use. The -addi-
tive inhibits or prevents such attack by the formation
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of a protective film on-the bearing surface. = Additives .

have also been developéd which possess the property of
modifying the carbonaceous materials formed by deteri-
oration- of lubricants o piston rods; rings; valves, and
other metal parts im internal combustion engines, duto-
motive and. truck engines, aviation engines, high-speed
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or doped’ lubricants & multifunctional material' whereby 4
sy#ergistic effect is produced; resulting in'a product of ac:
ceritwated and improved properties. Another” object of
thiy invention is to' add’ fo' oleaginous materials, creasic
and inorganic liquid lubricants, including mineral lubri-
catisig oils; synthetic lubricants of various types, and the
like; & multifunctional material so' as to inhibit oxidation,
at both low and high temperatures, and corrosion and dlso
prevent the' formation of sludge, varnish, and lacquer in
said Tubricants even under adverse operating. conditions,
Still- another object of this invention is fo use in. lubri-
cating compositions a multifunctional material which pre-
Vents' fingsticking, as well as the sticking of other engine
pagts; due to deterioration of the lubricant. Also, it'is an
object: of this invention to use in oleagirous materials,
e.- g., in lubricating compositions, a multifunctional' mate-
rial which: inhibits wear, scuffing, scratching, and other
damiage- nermally caused to engine parts, Also, if is an
object of this invention to improve the lubricating and
cooling properties of base materials adapted for use- in
cutting, quenching, drawing, and rolling operations by ad-
dition-to said base materials a multifunctional msterial of
this' jnvention, Furthermore, it is an object of this in-
vention to' provide movel multifunctional lubricating
agents; which may be used as lubricants, per se, as well
as for improving and enhancing the properties of [ubri-
eating base stocks. Other objects of this invention will
appear ds the description proceeds,

To the accomplishiient of the foregoing and related
ends, this invention consists of festures which will be here-
inafter fully described and particularly pointed cut in the
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claims, the following description setting forth in detail cer-
tain embodiments of the invention, these being illustrative
of but a few variations in which the principle of the in-
vention may be employed.

Broadly stated, this invention is concerned with Ilubri-
cating compositions comprising a class of polyphospho
organic compounds having the general formula:

AX)p Xn X (X)sA
P—A'—Xo—(A"—X;) n—A'—P
AX)n (X)aA I
wherein each A can be independently selected from thp
same or different hydrocarbyl radicals or polar-substi-
tuted hydrocarbyl radicals, preferably having at least

three (3) carbon atoms, wherein the polar-group can be
amino, nitro, cyano, sulfo, keto, carboxyl, hydroxyl, thiol,
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" tion and furthermore constitute a new class of compounds
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etc., and wherein the P—A’ group contains the P—C

linkage; X can be the same or different divalent radicals
—0—, —S—, —Se—, —Te—, and —NA'"’— and pref-
erably are selected from the group having elements of the
chalkogen family of which those with atomic numbers of
8 and 16, namely, oxygen and sulfur are preferred; A’ can
be the same or different, but preferably the same, polar
substituted or unsubstituted divalent hydrocarbyl radicals
(hydrocarbylene or hydrocarbylidene), the polar group
being selected from those which may be present in A, A"
can be the same as A’ and preferably is an alkylene, aryl-
ene, or cycloalkylene radical, A"’ can be hydrogen or
the same as A, »n is zero or 1, m can be zero or an integer
varying from 1 to about 20, and x is an integer of 1 or 2.
By a hydrocarbyl radical is meant a radical obtained by
removing one or more hydrogen atoms from the same or
different carbon atoms of a hydrocarbon.

A preferred class of compounds for use in the practice
of ‘the invention, and coming within the broader class de-
fined before, is the class which is representable by the gen-

eral formula
(R'X)zXn
NI =
/P—R— o
Ry 2 I

wherein each R’ is selected independently from function-
ally “saturated organic radicals, preferably. functionally
saturated hydrocarbyl radicals, i. e., radicals devoid of ole-
finic or acetylenic unsaturation, but including aromatic
radicals; R is a divalent organic radical containing essen-
tially a hydrocarbon or oxahydrocarbon radical connect-
ing the phosphorus atom (P) and the oxygen atom (O)
by an unbroken chain of carbon atoms or an unbroken
chain of oxygen and carbon atoms, R being joined direct-
ly to P by a P—C linkage, wherein the C atom thereof is
joined by three separate single valences to three different
atoms or groups of atoms, and R is joined to the oxygen
atom (O) by a C—O linkage. Except for the foregoing
limitations, R can be a corresponding substituted hydro-
carbon or substituted oxahydrocarbon radical consisting
essentially of hydrocarbon or oxahydrocarbon bearing
minor proportions of substituents such as halogen, oxy,
hydroxy, amino, hydrocarbyloxy, itro, sulfonate, and
the like atoms or groups.” The term “oxahydrocarbon”
is meant to include polyoxahydrocarbons and is illustrated
by such divalent radicals as methyleneoxymethylene (2-
oxapropylene-1,3), ethylencoxyethylene (3-oxapentylene-
1,5); ethyleneoxyethyleneoxyethylene (3,6-dioxaoctylene-
1,8); (polyethyleneoxy) ethylene; propyleneoxy propyl-
ene (2,5-dimethyl-3-oxapentylene-1,5); trimethylene-oxy-
trimethylene (4-oxaheptylene-1,7). The R’ radicals pref-
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erably should have a carbon content of from one to about .

12 carbon atoms each and the R preferably should have a
chain length of from one to about 15 atoms, including
oxygen atoms in an oxahydrocarbon chain. Compounds
as represented by Formula IT wherein the R’ radicals as
defined have at least 3 carbon atoms are particularly pre-
ferred as additive agents in compositions. of this- inven-
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having valuable properties as noted hereinafter.

Some illustrative compounds which are representative
of the class defined by Formula II and which are suitable
for use in the practice of the invention are:

Bis[ (diamyl phosphono)methyllether,

Bisi(dilauryl phosphono)ethyllether,

Bis[ (dibutyl-5-phosphono) 3-oxapentyllether,

Bis[ (dipropyl-5-phosphono) 1,4 - dimethyl-3-cxapentyl]-
ether,

Bis[ (dihexyl-8-phosphono) 3,6-dioxaoctyl Jether,

Bisl (butyl benzenephosphinico)ethyllether,

BisT-2(butyl p-chlorobenzenephosphinico)ethyllether,

Bis[(diamyl 3-phosphono)2-oxa-propyllether, :

Bis[ (dibutyl 3-phosphono)2-hydroxy-propyllether.
The polyphospho organic compounds of this invention

can be prepared in a number of ways. For example, a
bis(dihydrccarbyl phosphonohydrecarbyl) ether, which

can be represented by the general formula
(RO) O O OR
1/
P—R—O0~R~—P
s
(RO) OR I

can be prepared by reacting a trihydrocarbyl phosphite
with bis(halohydrocarbyl) ether; bis(dihydrocarbyl phos-
phonodxomethyl) ether. - The reaction is representable as
follows: -

0] [0}
(RO)P + X—R—0OR—X — (RO)le’-R—O~R—I];(OB):
V v

wherein the R’s are hydrocarbyl radicals.

Angther method of preparing compounds of the class
as represented by Formula V is by reacting polyalkylene
glycol with phosgene to form the bis(chlocroformyloxy
poly-alkyleneoxy) alkylene and thereafter treating the
resultant product with an organic phosphite. The reac-
tion proceeds as follows:

Cl -

ZCéO + HO—(R—0)m—R—0H —~——
Cl

[0}

| .
,C}(I}——O—(R—O)m—R——O ‘kl,‘-—Cl +2HC1
) v

o . o
CIJ.I}—O(R—O)m—R—O—g——CI +(RO):P ——
S N &
(R'O)va—Ll‘—O—(R—O)m—R-—-O-—L‘—P(OR)z +2RCI
) VI

wherein the R’s are the same as in Formula III and m
is the same as in Formula I.

To illustrate the present invention further, the follow-
ing examples are presented, with the understanding, how-
ever, that various modifications can be resorted to without
departing from the spirit and scope of the invention. The
thioether and amino derivatives of compounds under dis-
cussion can be prepared by hydrobromination of diallyl
sulfide or diallyl amine and reacting these brominated
materials with an organic phosphite. The peroxygen or
polychalkogen analogs of polyphospho compounds of this
invention -can be prepared by reacting, for example, so-
dium polysulfide with a halo unsaturated hydrocarbon
compound, hydrohalogenating the resulting polysulfide,
and thereafter treating said halo polysulfide with an or-
ganic 'phosphite. The reaction proceeds as follows:

2C[>=CI-R-—CI+NazS,, SR TP S T |
[ [ | 1 Vil
P W W SN
‘ i VII
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Y*é‘i_#?RﬁsﬁR&%h%aY+(R'o')a-‘P —

(RO)a{"—-é—é‘,—*R-—Si—‘-Rﬁé—‘- 4%(:0 R)a

(R is a hydrocarbyl: radical, Y is a halogen: atom; and

Sy represents moro-, di~, tri-, and- other poly-sulfides.)
Example F—Bisl(dibutyl phosphono)methyllether

.0
(C HON D~ HeLiO

. A’mixture of 100 grams (0:87 mole) of sym-dichloro-
methyl: ether and. 500 grams (2.00 moles) of redistilled
tributyl. phosphite were heated and the butyl chloride
formed. was contmuously removed by means of a frac-

tionating column. The reaction. started. when the kettle o

temperature was about;140° C. and was completed, when
the temperature reached. about. 202° C.. The residue. was
topped- te 200° C. kettle temperatuze at 1 mm. pressure
to- remeve unreacted: izitbutyl phosphlte The crude prod-
uct was agitated- with: IM: KOH. at 50° C.,. washed with
water, dried. and distiled in a falling-film; molecular stiil
at- 155° -C. under 105 mm. pressure. This' product,
bis[ (dibutyl phosphono)methyl]ether had- the following
propertles .

Gind Cale.or

Found heory
Pereent C e oo iiiioaian ! 50,8 50.2
Percent: H. ... —i.. AR : IECR -9.5 9.3
B it P . f 14.1 14.1
Percent N. . g 0 [
Br. Now..: e e L OSTLRAE ¢ Q- 0
Acid No 5 0
Mol wt..- 0

Exampl@ 1L -——B i8[-2,2’ Cbutyl benzenephasphmzco Yethyll-
ether
?
[C4HOP (CeHs) CHzCthO

Into a ﬂask containing 305 grams (1.2 moles) of di-
butyl benzenephosphonite heated at 165° €. was slowly
added:116 grams (0.5 mole) of 2;2'-dibromodiethyl ether.
T;he‘ butyl bromide formed was removed and: the-reaciion

mixture was stabilized by distilling oft materials: boiling
beiow 100° C. under 1 to 2, mm. Hg pressure and then
distilled:in. 2 molecular still. ' The' purlﬁed bis[-2 2'(buty1
benzenephosphinico)ethyllether had the following prop-
erties:

! s Cale. or

! F ound: Theory
Percent P 139 13.1
Mol. wt.- 450 466
Acid N (1) 07 fuclocoaloos

Example I —st[(dzbutyl phosphano) formoxyethyl]-
ether”

»[(C4H:90-)2£—£‘:—-0~—-CﬁzCHz]zO

About 120 grams (0.518 mole) of dichisroformate: of
ethylene glycol, obtained by the: interaction of ethylene
glycol and phosgene, was reacted with 325 grams. (1.30-
‘moles): of tributyl phosphite: at reflux temperature and
theredfter the reaction product was topped by distilling
off materials boiling below 160° C. at. 1. mmu. Hg pres-

25

30

35

45

55

60

6

sure. The residue had a refractive indéx of nD2°-—E 4508
and had the followmg propertles

T Cale. or

5 Found Theory
Percent C 43| 48:3
Percent H g1l 8.05
Percent Cl.. - 0:3(5) |- 0.0
Percent, P 112 | .35
Mol wt._ 544 [ 546
10 v, .~ 75T T
Example 1V .~<Bisl (diisopropyt phbsphdn‘o ) ethyl] ether
This product was. produced by heating for about 20
15 hours at 125° C. a solution composed of abouf 500 grams

of triisopropyl phosphite and about 100 grams 6f sym-
dichloroethyl ether. The tetraester was recoverable by
fracticnal distillation. -

Example V.—Bis[2-(di-n-butyl phosphonoYyethyllether

Bis[2-(di-n-butyl phosphiono)ethylTethier was prepared
by heating 3 moles of tributyl phosphite to” 160° Ci.at
40" mm. pressure and slowly- adding thereto about T ol
of bis(2-bromoethyl)ether. The' reaction mixiure was
heated until no further butyl bromide was liberated and
thiereafter stabilizéd by heating fo 156° C. af 5.0 mim.
préssure. The crude product was purified by heating
uader reflux with 1.2 N’ sodium hydroxide; the gquecus
phase was removed and the product watér-washed: and
thereafter dried by heatirig at 150° C. and 5 mim. pressure.

The purified bisE2-(diss-butyl phospnono)ethyl]ether
hiad the following properties:

Acid Neat, No_ — 0.09
Pour point, ° F. —— e K65
Visc, 100° F, (cs.y X 13.31
V1scos;ty ifidex. - 113

Example VE-=Bisl4-(di-n-butyl phosphona)bmyl]ether

Bis[4- (dl-n-bufyl phosphono)butyl] ether, was prepared
substannally it accordance with' the procedhre set forth
in Exariple V using 3 mioles of tnbutyl phosphlte and’' 1
mole of d1ch.lorobuty1 ether, said' ether compound bemg
prepared in décordance with the miethod of Alexander
and' Schuiepp; ¥. Am. Chem: Soc., 70, 1839 (1948Yy.
The dxchlorobutyi étheér and. tributyl phosphlte Were very
slowly’ reacted below 250° €. and then ra*pldiy* heated
to 265°-275° €. .

"The purified product hiad" the following propertiess

Aeid Neut. NO - PR i 0.04
Pour point, © Focwma ciomn o e o =80
Visc., 100° F. (cs) - .- 20.60
Viscosity  indexi oo o - ;140

Example VI —Bis[2-(dinionyl phdsphorio)ethyllethier
This product was prepared by reacting tri(nonyl) phos-
phite with bis(2-bromoethyl)ether at 180°-200° C. and

17 mm. pressure. The product had the following prop-
erties:

Acid Neut. No 0.10
Pour point, ° F —30
Vise., 100° F. (cs.) 64.82
Viscosity index 117

Other examples of polyphospho ether compounds of
this invention for use in the practice of the invention are:

" Bis[ (dicyclohexyl phosphono)ethyllether

BisE(diisopropyl phosphono)methyllether
Bis[ (dijsopropyl- phosphono)ethyllether

¢ Bis[{dibenzyl phosphono)methyllthio ether

BisE(dibutyl phosphono)methyllether
Bist (dlcresyl pliosphono)methyllether
Bis[(dioctyl phosphono)ethyllether
Bis[ (dihexyl phosphono)ethyllether

75 Bis[(butyl benzenephosphino)methyllether
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Bis[ (butyl chlorobenzenephosphino)methyllether
Bis{ (butyl trichloromethanephosphino)methyllether
Bist (dibutyl phosphono)formylloxide

Bis[ (dibutyl 1-phosphono)phthaloylloxide

Bis[ (dibutyl 1-phosphono)succinylloxide

Bis[ (dioctyl 2-phosphono)-2-aminoethyllether

Bis[ (dibutyl phosphono)ethoxyethyllether

Bis[ (dibutyl phosphono)ethoxylethane

Bis[ (diisopropyl 2-phosphono)- 2-methylolethy1] ether
BisI (dibenzyl 2-phosphono)-2-methylolethyllether
Bis[ (benzyl butyl phosphono)methyllether

BisI (phenyl butyl phosphono)methyllether

Bis[ (dibutyl phosphono)propyllamine

Bis (dihexyl 2-phosphono)-2-chloroethyllether
Bis[2-(di sec. butyl phosphono)ethyllether

Bis[ (dibutyl phosphono)n-propylldithio ether

Vehicles to which the phosphorus-containing substances
of this invention may be added, for purposes of improving
the lubricating qualities of said vehicles or for purposes
of producing corrosion-preventing compositions and the
like, may be divided into several groups.

The vehicles should preferably be substantially neutral,
although they may be weakly acidic or weakly basic,
preferably having dissociation contants not above about
10-8, Both polar and non-polar vehicles may be em-
ployed. Among the former are water, monohydric alco-
hols, such as propyl, isopropyl, butyl, amyl, hexyl, cyclo-
hexyl, heptyl, methylcyclohexyl, octyl, decyl, lauryl,
myristyl, cetyl, stearyl, oleyl, allyl, benzyl, etc., alcohols,
polyhydric alcohols, such as ethylene glycol, propylene gly-
col, butylene glycol, cetene glycol, glycerol, methyl glycer-
ol, 2-methylpentane-2,4-diol, trimethylene glycol, tetra-
methylene glycol, etc.; phenols and various alkyl phenols
and thiophenols; ketones, such as acetorie, methyl ethyl ke-
tone, diethyl ketone, methyl propyl ketone, methyl butyl
ketone, dipropyl ketone, cyclohexanone, and higher ke-
tones; keto alcohols; ethers such as diethyl ether, diiso-
propyl ether, B,B’-dichlorodiethyl ether, diphenyl oxide,
chlorinated diphenyl oxide, diethylene glycol, triethylene
glycol, mono- and di-butyl ethers of ethylene glycol and
diethylene glycol, and the like; neutral esters of carboxylic
and other acids such as ethyl, propyl, butyl, amyl, octyl,
stearyl, oleyl, phenyl, cresyl, and higher hydrocarbyl
acetates, propionates, butyrates, lactates, laurates, myris-
tates, palmitates, stearates, oleates, ricinoleates, phthalates,
salicylates, carbonates, and phosphates; natural waxes
such as carnauba wax, candelilla wax, Japan wax, jojoba
oil, sperm oil; fats such as tallow, lard oil, olive ¢il, cot-
tonseed oil, Perilla oil, linseed oil, tung oil, soya bean
oil, flaxseed oil, castor oil, etc.; as well as fractions and
derivatives thereof.

Vehicles of little or no polarity comprise hydrocarbons
such as liquid butanes, pentanes, hexanes, heptanes,
octanes, octenes, benzene, toluene, xylene, cumene, indene,
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hydrindene, alkyl naphthalenes, and mixtures thereof as
well as well known mixtures such as gasoline, kerosene,
fuel oil, turbine oil, motor oil, mineral spirits, aromatic
solvents, lubricating oils (which may be soap-thickened
to form - greases), petrolatum, paraffin waxes, albino
asphalts, etc. Generally, when petroleum oils are used
it is preferable that they be purified, as by solvent treat-
ment, so as to remove foreign matter.

Also, synthetic oils may be used as the vehicles such
as polymerized olefins, copolymers of alkylene glycols
and alkylene oxides; organic esters, e. g., di-2-ethylhexyl
sebacate, allyl laurate, and polymers thereof; dioctyl
phthalate, trioctyl phosphate, polymeric tetrahydrofuran,
polyalkyl silicon polymers, alkyl methacrylate polymers
Mixtures of synthetic and
natural lubricants and oils can be used. In addition,
resinous materials such as petroleum resins, natural resins
such as rosin, resins formed by polymerization of drying
fatty oils, phenol-formaldehyde resins, and glyptal-type
resins formed by esterification .of polyhydric alcohols with
polycarboxylic acids can be used.

Still another class of vehicles to which condensation
products of this invention can be added are water-in-oil
and oil-in-water emulsions suitable for various uses such
as lubricating, cooling, rust inhibiting, and the like.

If the phosphorus compounds of this invention are not
sufficiently soluble in some of the mediums indicated
above, solubilizers can be used.

The amount of additive of this invention which can be
used depends upon the vehicle to which it is added and
the intended purpose to which the composition is to be
subjected. Generally, the additive can be used in amounts
varying from 0.01% to 20% and higher, preferably be-
tween 0.1% and 5%. . Various ones of the phosphorus
compounds of the invention are useful as lubricants per se,

-or where they constitute a-major proportlon of the lubri-

cating medium.

Organic phospho compounds ‘of this invention in addi-
tion to being good lubricant-improving agents can be used
for improving greases, fuel compositions, hydraulic fluids,
insecticidal compositions, coating compositions, rubber
compositions, resinous compositions and the like.

The utility of the described phosphono compounds for
lubrication is demonstrated by an evaluation of composi-
tions thereof by the Dornte Oxidation Stability Test as
described in the National Petroleum News, September 17,
1941, pages R-294-296 and in the High-Temperature
Oxidation Apparatus of H. Diamond et al. which is fully
described in the general papers presented before the Di-
vision of Petroleum Chemistry at the meeting of the
American Chemical Society (September 18-23, 1949,
Atlantic City, New Jersey) on pages 31-45 of the Pre-
prints. Representative results are given in Table I.

TABLE I
[Base: Mineral lubricating oil.]

Dornte Oxidation Test | High Temperature Oxzidation
(150° C.) 1,500 cc., Time | Test (260° C.) 250 ce., Time
(hours) (minutes) -
-Additive Catalyst - Conc, Catalyst
I(’Jonc..t -
ercen
Copper Cg;;xek- Percent|” None | Copper Cég;‘ek'
None...... . 23 4.6 |eommennn 31 5.1 6.6
Examp
Bls[(dibutyl phosphono)-methyl] 1 s 16 1.25 46 34 42
Exam le I
Bie[(dibuty] phosphono)-formoxy-| - 2.1 51 59 2.1 36 23 35
ethyl] ether.
Dimethyl tetradecanephospbonate. ... 1.2 7 4.2 1.2 42.5 4.2 57
Dibuty] octanephosphonate 175 3.9 3.9 1.2 30.4 3.6 19,1
Laury! benzyl sulfide_..._....... 1 24.3 6.2 1 40 12 50
Dibenzyl sulfide. . cocermcccmmanio| 1 26.3 5.8 1 24 14 18

(The base mineral oil was a refined mineral lubricating oil.)
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Representative composxtfons of this invention were
evaluated neat and compared’ with other types-of phos-
phorus compounds, as noted by Examples 6, 7 and 8§, by
subjecting them to a madification of the corrosion-oxida-
tion resistance test in the presence of various metals as
described in Federal Specification VV-L-791d, Test
530.81.

The results were as folTows
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1 Very corrosive and unstable.

A hydraulic fluid consisting of the following materials
was subjected to the corrosion test as described above and
the results are tabulated below:

Composition A: Per cent
Alkyl(Cs—Ci2)methacrylate polymer ... ____. 5
Glycidyl phenyl ether . _ . ____________._ 1
Wax disulfide 0.1
Bis[2-(dioctylphosphono)ethyljether ____. Balance

[Corrosion test: Wt. loss (mg./cm.%).]
Cur Mg Fe | Cd | Al

Composition A..ccceeemcercenaacnan 0} -+6.08 01008 0

Compositions of this invention can be combined with
other additives such as blooming agents, pour-point de-
pressors, and/or viscosity improvers, anti-foaming agents,
and the like. Among the specific additives for lubricating
purposes which can be used are oil-soluble detergents
which include oil-soluble salts of various bases with de-
tergent-forming acids. Such-bases include metal-contain-
ing as well as organic bases. Metallic bases include those
of alkali metals, Ca, Mg, Cu, Sr, Ba, Zn, Cd, Al, Sn, Pb,
Cr, Mn, Fe, Ni, Co, etc. Organic bases include various
nitrogen bases as primary, secondary, tertiary amines and
quaternary ammonium compounds, €. g., benzyl tri-
methyl ammonium hydroxide.

Examples of detergent-forming acids are the fatty ac1ds
of say, 10 to 30 carbon atoms, tall-cil acids, rosin acids,
wool-fat acids, paraffin-wax acids (produced by oxidation
of paraffin wax), chlorinated fatty acids, aromatic hy-
droxy fatty -acids, paraffin-wax benzoic acids, various
alkyl salicylic acids, phthalic acid monoesters, aromatic
keto acids, aromatic ether acids, diphenols such as di-
(alkylphenol) sulfides and disulfides, methylene bis-alkyl
phenols; sulfonic acids such as may be produced by treat-
ment of alkyl aryl hydrocarbons or high-boiling petroleum
oils with sulfuric acids; sulfuric acid monoesters; phos-
phoric, arsonic and antimony acid mono-and di-esters, in-
cluding the corresponding thiophosphoric and arsonic
acids and the like.

Additional detergents are the alkaline earth phosphate
diesters, including the thiophosphate di-esters; the alkaline
earth diphenolates, specifically, the calcium and barium
salts of diphenol mono- and poly-sulfides.

Non-metallic detergents iriclude compounds such as the
phosphatides (lecithin and cephalin), certain fatty oils
such as rapeseed oils, “Voltolized” fatty or mineral oils
and the like.

An excellent detergent for the present purpose is the
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calcium salt of oil-soluble petroteum sulfonic acids. TFhis
may be present advantageously in the amount of about
0.025% to- 0.2% sulfate ash. - Also, alkaline metal salts
of alkyl phenol-aldehyde condensation products dre ex-
cellent detergents.

Antioxidants which are suitable for use in combmatlon
with the phosphono compounds comprise several types,
for example, alkyl phenols such as 2,4,6-trimethylphenol,
pentamethylphenol, 2,4-dimethyl-6-tertiary-butylphenol,
2,4-dimethyl-6-octylphenol, 2,6-ditertiary-butyl-4-methyl-
phenol, 2,4,6-tritertiary-butylphernol, and the like; amino-
phenols such as benzylaminophenols; aromatic amines,
such as N ,N’-dibutyl-p-phenylenediamine, diplienylamine,
phenyl-beta-naphthylamine, phenyl-alpha—naphthlyamme,
and’ dinaphthylamine.

Corrosion inhibitors or anti-rusting  compounds may
also be present, such as dicarboxylic acids of 16 or more
carbon atoms; alkali metal and alkaline earth salts of
sulfonic acids and fatty acids, organic compounds con-
taining an acidic radical in close proximity to a nitrile,
nitro; or nitroso group- (e. g, alpha-cyanostearic: acid),
glycidyl phenyl ether, wax disulfide, etc.

Additional ingredients may comprise oil-soluble urea or
thiourea derivatives, e. g., urethanes, allophanates, carba-
zides, carbazones, etc., polyisobutylene polymers, un-
saturated polymerized esters of fatty acids and mono-
hydric alcohols and other high-molecular-weight oil-
soluble compounds.

Depending upon the additional additive used and condi-
tions under which it is used, the amount of additive used
may vary from 0.01 to 2% or-higher. However, sub-
stantial improvement is obtained by using amounts rang-
ing from 0.1 to 0.5% in combination with reaction prod-
ucts of this invention.

We claim as our invention:

1. A composition of matter comprising 3 major amount
of mineral oil and a minor amount, sufficient to inhibit
oxidation, of bis[(dibutyl phosphono)methyl]l ether.

2. A composition of matter comprising a major amount
of mineral oil and a minor amount, sufficient to inhibit
oxidation, of bis[ (dibutyl phosphono)ethyll ether.

3. A composition of matter comprising a major amount
of mineral oil and a minor amount, sufficient to inhibit
oxidation, of bis{(dibutyl phosphono)formoxyethyll-
ether.

4. A composition of matter comprising a major amount
of mineral oil and a minor amount, sufficient to inhibit
oxidation, of bis[-2,2’(butyl benzenephosphinico)ethyli-
ether.

5. A composition of matter comprising a major amount
of mineral oil and a minor amount, sufficient to inhibit
oxidation, of bis[ (diisopropyl phosphono)ethyllether.

6. A composition of matter comprising a major amount
of a mineral lubricating oil and a-minor amount, sufficient
to inhibit oxidation, of bis[ (dibutyl phosphono)methyll-
ether.

7. A composition of matter comprising a major amount
of a mineral libricating oil and a minor amount, suffi-
cient to inhibit oxidation, of bis[(dibutyl phosphono)-
ethyllether.

8. A composition of matter comprising a major amount
of a mineral lubricating oil and a minor amount, suffi-
cient to inhibit oxidation, of bis[(dibutyl phosphono)-
formoxyethyllether.

9. A composition of matter comprising a major amount
of a mineral lubricating oil and a minor amount, sufficient
to inhibit oxidation, of bis[-2,2-(butyl benzenephos-
phinico)ethyllether.

10. A composition of matter comprising a major
amount of mineral lubricating oil and a minor amount,
sufficient to inhibit oxidation of said oil, of a bis[(di-
(Ci~12)alkyl phosphono) Ci to Cis alkyllether.

11. A composition of matter comprising a. major
amount of mineral lubricating oil and a minor amount,



2,725,359

11
sufficient to inhibit oxidation of said oil, of a bis[(C1 to
Cia alkyl benzene phosphinico) Ci1 to Cis5 alkyllether.
12. A composition. of matter comprising a major
amount of a mineral lubricating oil and a minor amount
sufficient to inhibit oxidation of said hydrocarbon of a
compound having the general formula

®oub-r—0—r—F 0 R
wherein each R is a saturated hydrocarbon radical of
from 1 to 15 carbon atoms and R’ is a hydrocarbyl radi-
cal of from 1 to 12 carbon atoms.

13. A composition of matter comprising a major
amount of a mineral lubricating oil and a minor amount
sufficient to inhibit oxidation of said hydrocarbon of a
compound having the general formula:

((RIO){?__R\_O
(R'ﬁP /2

wherein_ R is a divalent organic radical selected from the
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group consisting of hydrocarbon and oxahydrocarbon
radicals of from 1 to 15 carbon atoms and free of hetero-
cyclic groups; R’ is a saturated hydrocarbyl radical of
from 1 to 12 carbon atoms; x is a whole number from
1 to 2, and y is a whole number from 0 to 1 and the sum
of x and y is 2. i o
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