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This invention relates to a novel ¢lass of re-
action products adapted to improve the prop-
erties of liquids and/or solids suitable for use as
lubricants, coolants, rust and corrosion inhibiting
compositions, coating compositions and the like.
More particularly this inveation pertains to lu-
bricants, such as natural and-synthetic lubricants,
emulsions, aqueous solutions and organic and/or
inorganic- materials which can be adapted for
lubricating purposes, by addition thereto of a
novel muitifunctional reaction product capable of
imparting extreme pressure, anti-wear, anti-foul-
ing properties, as well as acting as an inhibitor of
oxidation and corrosion.

It is
whether doped or undoped, tend to oxidize and to
form corrosive kodies and sludge, when used in
modern engines and machines operating under
ordinary conditions or at high speeds, elevated
temperatures, heavy loads and/or other adverse
conditions. Some of the deterioration products
of lubricants formed during their use are hard
carbonacecus materials which adhere to metal
surfaces and cause scratching and scuffing of mov-

able metdl parts and sticking of valves and piston

rings in engines. In addition, presently known
lubricants are generally incapable of maintain-
ing a continuous lubricating film between mov-
able parts, resulting in gradual or rapid wearing
away of metal parts. The damage thus caused
required replacement of such parts or even the
complete overhauling of engines and machines,
resulting in expensive loss of production and
time.

In the case of the highest quality non-corro-
‘sive, stable lubricating oils, which have been
highly refined for speeific uses, or synthetic Iu-
bricants developed for specific or special uses, it
has been observed that such oils or lubricants are
generally highly susceptible to oxidation and de-

well’ known that various Iubricants,
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terioration, beecoming progressively more corro- -

sive in engines and machines even under ordinary
operating conditions.

To improve the lubricating properties of oils
and sysnthetic lubricants it has become the prac-
tice to blend with various lubricants, one, and in
most cases, more than one, addition agents,

“which additives have the effect or property of in-
hibiting deterioration of lubricants, and impart
to them certain beneficial properties. Thus, ad-

ditives have been specifically designed which have-

the property of inhibiting corrosion of alloyed
_bearings such as copper-lead, cadmium-silver
and the like, develaped for automotive, diesel and
aircraft engines. Acidic oxidation or decompq-
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sition components formed in lubricants. during
use readily attached these bearings but are in-
hibited or prevented from doing this by the for-
mation of a corrosion protective film formed on
the bearing surface with the aid of the addi~
tive. Additives have also been developed which
possess the property of modifying the carbonace=
ous materials formed, by deterioration of lu-
bricants, on piston rods, rings and valves,.and
other metal parts in internal combustion engines,
automotive and truck engines, aviation engines,
high speed diesel engines and the like. ~ Such ad-
ditives serve a very important function because,
by modifying this carbonaceous material so that
it can be removed easily, the tendency of engine
parts to become stuck is inhibited so that ring-
sticking, piston scuffing, scratching and wearing
away of other engine parts and material redue-
tion of engine efficiency, are prevented or mate-
rially inhibited.

Other additives have been developed for the
purpose of acting as detergents in lubricants in
order to assist in the removal of soot or sludge,
varnish, lacquer formed from deterioration of the
oil when subjected to high operating tempera-
tures. Detergents due to their cleaning action
prevent the build-up of these deleterious mate-
rials and assist in removing those formed. ~Anti-
weay additives have the property of reducing fric-~
tion of movable parts or different metals. . Due to
the function exerted or property imparted by
such additives on lubricants, wear caused by di-
rect frictional contact of metals can be greatly
reduced. Also, additives have been developed to
withstand extreme pressures, disperse 1mpur1t1es,
solubilize certain additives and the like.

The development of numerous additives has
been due to the fact that most, if not all addi-
tives are capable of functioning in substantially
only one specific manner.. Very few lubricant ad-
ditives have the ability to improve a lubricant
in more: than just one respect. Thus, a good
anti-oxidant might not be able to inhibit lacquer
and varnish formation on piston rods or act as
a detergent or corrosion inhibitor. In many
cases it is found that gn additive possesses very
good properties in one respect, but is the cause of
harmful formations and therefore detrimental as
an additive in another respect. Therefore, other
additives are frequently required to obtain a
good stable lubricant. The combination of addi-

tives in lubricants wherein each additive exerts

its influence without interfering with the func-
tion of other additives is a difficult matter to at-
tain, In most cases additives co-react or inter-
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fere with each other. To prevent this, great care
must be taken in selecting the additives, mixing
them in specific proportions and continuously
watching and replacing additives which have
. stopped functioning or have deteriorated.

Additives which are used in lubricants for in-

dustrial purposes such as in cutting, dr:awing, :
quenching, and rolling operations must impart -

to said lubricants film strength, corrosion inhibit~
ing and detergent properties as well as aid the
base lubricant to cool and lubricate the base
metal or other surfaces under the most adverse
conditions of lubrication and the like.

Tt is an object of this invention to improve.

the lubricating properties of various lubricating
bases by the addition thereto of a minor amopnt
of a multi-functional material. Another object

4

wherein M is a metal atom, X is oxygen, sulfur,
selenium or tellurium, R3 is -an organic radical
attached to X by a bond to a carbon atom, and
R:1 and Rz are organic radicals, carbon atoms of
which are either bonded directly to the P atom
or bonded to the P atom through an X atom.

_The organic radicals Ri, Rz, and Rz may have

10
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of this invention is to add to compounded or °

doped lubricants a multi-functional material
whereby a synergistic effect is produced, result-
ing in a product of accentuated and improved
properties. Another object of this invention is
to add. to oleaginous materials, organic and in-
organic lubricants, mineral lubricating oils, syn-
thetic lubricants and the like, & multi-functional
material so as to inhibit oxidation and corro-
sion and prevent the formation of sludge, var-
nish and lacquer in said lubricants even under
adverse operating conditions. Still -another ob-
ject of this invention is -to use in lubricating
compositions, a multi-functional material which
prevents ringsticking as well as the sticking of
other -engine parts due to -deterioration of the
Jubricant. - Also it is an object of this invention
to use in oleaginous materials, e. g. in lubricat-
. “ing compositions, a multi-functional material
which inhibits wear, scuffing, scratching and
other damage to engine parts. Also it is an ob-
ject of this invention to improve the Jubricating
and cooling properties of base materials. adapted
for use in cutting, quenching, drawing. and roll-
ing operations by addition to said base materials
a multi-functional material of - this invention.
Furthermore, it is an object of this invention
_-to provide novel multi-functional improving and
.enhancing additives for lubricating bases. Other
objects of this invention will appear as the de-
seription proceeds.
To the accomplishment of the foregoing and
related ends, this invention consists of features
-which will be hereinafter fully described, and
particularly pointed out in the claims, the fol-
Jowing description setiing forth in detail certain
embodiments of the invention, these being illus-
trative of but a few variations in which the prin-
-ciple of the invention may be employed.
Broadly stated, this invention is directed to
the use, in various materials, of a reaction prod-
uct obtained by reacting a polyhalogenated or-
ganic compound of the formula R4D, where Rs
is a halogenated organic radical bonded to a
. “halogen D, with a phosphorus-containing com-
“pound of the structures

Ra

X
Rr—-%—RZ
; Formula I
or .
) M
X
1l I IL
RP-F  (Ref-R: & ReF-R)

M M

Formula II
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substituent polar groups, such as OH, Cl, SH,
SO3H, NHz, NOg, etc. :

The products of the reaction have the general
structure

ol
Rx—?——Rz
Ry

Formula IIT

from which it is apparent that the radical Rs
or the metal M of the starting phosphorus-con-

taining compounds have combined with the hal- -

ogen D of the starting halogenated organic com-
pound R4D, and the halogenated radical R4 has
become bonded to phosphorus.

The resultant reaction product of the above
reaction must contain at least one P—C group
and at least one and preferably more than one
halogen atom, not more than four and prefer-
ably less than two carbon atoms distant from
the phosphorus atom. However, if there are hal-
ogens attached to the terminal carbon atom so
as to form the C(DEF) group, wherein D, E and
F are like or different halogens, the carbon chain
may be of any length desired.

In the above formulas R: and Rz may be the
same or different, and are selected from the
group consisting of alkyl, aryl, cyclo-alkyl, al-
kylaryl, alkylated cyclo-alkyl, cycloalkylated
aryl, arylated cycloalkyl, alkoxyl, aroxyl and the
like. Also specific illustrative radicals which are
representative examples of the generic radicals
mentioned are: methyl, ethyl, butyl, amyl, octyl,
stearyl, allyl, oleyl; phenyl, xenyl, naphthyl,
antracyl, cyclopentyl, cyclohexyl, cycloheptyl, cy-
clohexylethyl, cyclohexylamyl, cyclohexylbutyl;
phenyl  cyclohexyl, naphthyleyclohexyl; - eyclo-
hexylphenyl, cyclohexylnaphthyl; methyl cyclo-
hexyl, ethyl-cyclohexyl, amyl-cyclohexyl, cetyl-
cyclohexyl; methyl-cyclohexyl benzyl, eyclo-
hexyl-cresyl, cetyl-phenyl cyclohexyl, methyl~
cyclohexylamyl, methyl-cyclohexyl-lauryl; phen-
yl-cyelohexyl; cresyl, xylyl, dimethylphenyl, eth-
yl-phenyl, - amyl-phenyl, cetyl-phenyl, ethyl
naphthyl; methoxy phenyl; ethoxy phenyl, oc-
toxy phenyl, dichlorchexoxy-phenyl, thiometh-
oxy phenyl, thioethyloxy phenyl], seleno methoxy
phenyl, seleno ethyloxy phenyl, telluro methoxy

‘phenyl, thiolauroxy phenyl, seleno lauroxy phen-

y1; acetyl-phenyl, lanoyl-phenyl, stearoyl-phenyl,
stearoyl-ethyl, lauroxyl-ethyl; etec.

Specific phosphite esters which may be used
to form reaction products of this invention may
be any of the partial or full phosphite esters

-mentioned in the following U. S. patents: 2,084,-
2,230,543,

270, 2,121,611, 2,188,943, 2,191,996,
2,241,243, 2,326,140, 2,365,291, 2,365,974, 2,372,244,
and 2,432,095.

Among the most preferred phosphite esters
may be: di and triethyl phosphite; di and tri-
butyl phosphite; di and trioctyl phosphite; di
and . tricyclohexyl phosphite; mixed isoamyl
phosphites, mixed n-butyl phosphites; di and
trinaphthenyl phosphites; di and triphenyl phos-
phites; amyl phenoxy-ethyl phosphite; butyl
phenyl phosphite; tricresyl phosphite; the di and
trithio or seleno or telluro triorgano phosphites
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or their mixtures. -Of these esters; di-and tri-
:ethyl phoesphite; the di and trithiophosphite; the
di-andtributyl phosphite; the:di and trithiophos-

phite: the di and triamyl ‘phosphite; .the di and

trithiophosphite; the di-and triphenyl phosphite;
and the diand tnthlophosphlte, are partmularlv
preferred.

‘When dialkyl phosphltes are used, they: must
first be converted to the metal salt (Formula IT)
before reaction with the polyhalogenated organic
compound RaD.

Any of the above phosphorus-=containing com-

pounds may be reacted with a polyhalogenated
organic ‘compound such as are.listed below so as
4o form an organic phosphorus compound having
8 P—C linkage, said compound having. at least
one:and preferably more than one:halogen. abtom,
not more than four carbon atoms removed from
the phosphorus atom, or if there is a C(DEF)
wherein (D, E, and F are halogen atoms) group
on the terminal carbon of the ehain which at-
taches itself to the phosphorus atom, the halo-
gens may be more than four carbon atoms re-
moved from the phosphorus atom: carbon tetra-~
chloride, carbon tetrabromide, hexachloroethane,
trichloroethane, polyhalogenated fatty acids in
which :the halo radicals are preferably attached
in the alpha or beta position to the carboxyl
radical. Specific compounds are: trichloro-
acetic acid, alpha, alpha, beta, beta-tetrachloro-
propionic acid, alpha, alpha, beta-trichloro-
butyric acid, tribromoacetic ‘acid, trilodacetic
acid, trihalogenated aldehydes ketones ‘and ethers
suech as trichlorobutanone, trichloromethyl iso-
butyl ketone and the like can also be used.
. 'The reaction between the phosphorus com-
-pound and the trihalogenated non-aromatic com-
pounds g0 as to effect a P-—C linkage, may be
carried out by admixing the two materials in such
‘proportion so that there is generally ian excess
-of the-halogen compound present and refluxing.
The desired reaction product may be removed
from the mixture by distilling under reduced
‘pressure

A idesired reaction product of this invention
‘was prepared by refluxing -abeut 50 gm. of tii-
ethiyl phosphite with about 250 ¢c: of dry carbon
~tetrachloride. A colorless solution: ‘was -fotmed
-which was distilled under reduced ‘préssiure, to
yield -a -¢olorless mobile liguid, diethyl trichloro-
methane phoesphonate, having-a beiling point of
around about 121°:C. at 11 mih. pressure and a

“m, 2 cof 1.4628,

- Tollows:
6
. P{OCHy+ CCL s CG]:‘IT’ (0 Ci¥er)s 9 GoHsC1
 EXAMPLE II

Another reaction product of this invention was
prepared by refluxing for about 24 hours :about
50 _gms. of tributyl phosphite with about. 150
gms. of dry carbon tetrachloride.

duced pressure to yield a product, di-n-butyl tri-
chloromethane phoesphonate, having a boiling
point of between about 150° C. and about I55° C.

at 5 mm. pressure and a n,%-of 1.4490. The re-:,
_ action proceeded as follows -
AP(OC4H9)3 + ¢Cly —— CClle(:OCJI\i)z 4+ CaHiG1
; L .

‘Other reaction products of this invention which

The reaction proceeded -as.

) A colorless-
solution formed which was- distilled under re-
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can be used to improve the lubricating propertles
of various materials are:

Reaction. product “of diethyl sod1um phosphxte
with carbon ‘tetrachloride. -

Reaction product of methyl sodium phosphlte
with trichloroacetic gcid.

Reactmn product of trlbutyl phosphlte thh trl-
“¢hloracetic acid.

Reaction product -of tricyclohexyl phosphite with
‘carbon tetrachloride.

Reaction product of tmcyclohexyl phosphlte w1t;h
trichloroacetic acid.

Reaction product of amyl phenoxyethyl lithium
phosphite with carbon tetrachloride.

Reaction product of tricresyl phosphn;e with car-
bon tetrachloride.

‘Reactioh product of ‘tr1ethyl tr1th1ophosph1te

With, carbon tetrachlorlde :

Reactlon ‘product of triethyl trlthxophOSpmte
with trlchloroacetlc acid.

Reaction product. of tricyclohexyl tI‘ltthphOS-
phite with carbon tetrachloride.

Reaction product of triethyl mono-selenophos-
phite with carbon tetrachloride.

Reaction product of tricresyl dlthlophosphlte
with hexachloroethane.

Reactlon product of sodlum d1ethyl dlthmphos—
phite ‘with bromoform.

:Reactlon product of tr1amyi monobhiophosphi’te

with-carbon tetrabremide. .
Reaction produet of triallyl. phosphlte with car-
bon tetrachloride.

The vehicles to which reaction products of this
invention may be added for purposes of improv-
ing the lubricating qualities of said, vehicles or

‘for purposes of producing corrosion-protective

compos1t1ons and the like may be d1V1ded into
several groups.

"The vehicles should preferably be substantlally
neutral, although they may be weéakly acidic or

‘basic, preferably having dissociation constants

not above about 1078, Both polar and non-polar
vehicles may be employed. Amorg. the former

‘are water, alcohols such as methyl, ethyl, propyl,

isopropyl, ‘butyl, amyl, hexyl, cyclohexyl, heptyl,
methyl cyclohexyl, octyl, decyl, lauryl myristyl,

.eetyl, stearyl, oleyl, ally); benzyl, ete. alcohels; pol-

yhydric alcohols such as ethylene glycol, propyl-
ene glycol, butylene glycol, cetene glycol, glycerol,
methyl glycerol, etc.; phenols and various alkyl
phenols and thmphenols ketones such as acetone,

‘methyl ethyl ketone, diethyl ketone, methyl pro-

pyl ketone, methyl butyl ketone, dipropyl ketone,

“¢yclohexarioire, and higher ketones; keto alco-

hols; ethers such as- diethyl ether, dusopropyl

ether, diethylene dioxzide; beta-beta-dichlorodi-

ethyl ‘ether, diphenyl oxide, ¢hlorinated dipkienyl
oxide, disthylene glyeadl, triethylene glycol; neu-
tral esters of carboxylic and-other-acids such as
ethyl, propyl, butyl, amyl, oetyl, stearyl, oleyl,

-phenyl, cresyl -and higher acetates, propionates,

butyrates, lactates, laurates, myristates, palmi-

" tates, stearates; oleates, ricinoleates, phthalates,

65

salicylates, carbonates; natural waxes. such as

“egrnaubg wax, candelilla wax, Jaban wax, jojoba

70

78

oil, sperm oil; fats such as fallow, lard oil, olive

-oil, cottonseed ofl, perilla oil; linseed oil; tung oil,
soya bean oil, flaxseed oil, castor oil,. etc as well

48 fractions and derivatives thereof. -

" Vehicles of little or no polarity comprise hydro-
earbons such “as liguid butahes, pentanes, hex-
anes, heptanes, octanes, ‘octenes, benzene, tolu-
ene, ¥ylene, cumene, indene; hydrindene, alkyl
naphthalenes, gasoline; kerosene, fuel oil, gas 0il,
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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 by solvent treatment 80 as to remove
foreign matter.

Also synthetic oils may be used as the vehlcles
such as polymerized olefins, copolymers of alkyl-
ene glycols and alkylene oxides; organic esters,
'e. g. 2-ethyl hexyl sebacate, allyl laurate, and

.polymers thereof; dioctyl phthalate, trloctyl

phosphate, polymeric tetrahydrofuran, polyalkyl
‘silicon polymers, and the like. Mixtures of syn-
thetic and natural lubricants and: oils can be
‘useéd. -In addition resinous materials such as
petroleum resins, natural resins as rosin, resins
formed by polymerization of ‘drying fatty oils,
phenol-formaldehyde resins, glyptal-type resins
‘formed by esterification of polyhydric alcchols
with polycarboxylic acids can be used.

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

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 to. Generally, .

the additive can be used in amounts varying
from 0.01% to 20% and higher, preferably 0.1
t0 10%.

Compositions of -this invention were evaluated

as extreme pressure agents by use of the Four- .

ball Extreme Pressure Lubricating Tester simi-
lar in principle. to the Boerlage apparatus
described in -the magazine, Engineering, volume

2,573,568

20

25

136, July 13, 1933. This apparatus comprises four -

-steel balls arranged in a pyramid formation,” The
.top ball is rotated by spindles against the three

40

‘bottom balls which are clamped in a stationary -

ball holder. The balls are immersed in the com-
:position to be tested. Tests were run under con~
ditions indicated in the following table and com-
pared with" other outstanding extreme pressure
compounds

Four-Ball E. P, Lubrzcant Tester on addztwes in
SAE 90 oil

{ Fixed Conditions: One minute tests at,1500 R. P. M. steel on steel.]
Per cent Seizure load in Kg.
Additive - - D
. P-|'S Cl | Ambient | 130° C.
(1) || None....._C. o i -45-50 -20-25
: (2).] P20s treated cas-
- tor ofl. __: 0.2 50-60 30-40
o (3) Pst-xsophorone - [ -
bottoms reac- |
: tion product-__.} 0.06 | 0.2 |._.... 60-80 40-60
(4) | P1Ss treated sul- ) S
- furized fatty oil.| 0.03 | 1.53 |_..___ 75-80 _ 55-60
(5) | Dibutyl octane- | .
-phosphonate__._} 0.2 |.__:_.| _.___ 70-80 o.._ll-:l
6) | CCls-triethyl-
phosphite reac- - , S
-| - tion product..__| 0.24 | _..__ 0.84 | 160-180 | . -90~100
(M| CCls-tributyl ) ’ . B
. .- phosphite reac- | :
: tion product._._| 0.20 |..____ 0.68 | 110-120 90-100
(8) | Diethyl 1,1,3, tri-
: ‘chlorononane- - -
- phosphonate____|-0.02 .. .. 0.68 |. 110-120 |.ea__..il
(@ | Dibutyl mono-
E *.chloro propane-
phosphonate.._.| 0.21 |___-_ 0.24 | 130-140 | 90-100.,

The above Four-ball test was repeated in
order to observe the wear effects of 2% of CCls-
‘triethyl phosphite reaction product (curve B)

has on a SAE 90 gear oil. The results are shown :

45

55

- 60

65

70

75

lows:

8

in -Pigures I and II and compared against an
undoped oil (curve A). The wear (mm.) is
plotted agdinst load (kg.) on a log-log scale from
non-seizing conditions to welding.

‘Reaction products of this invention are equally
‘effective as extreme pressure agents in synthetic
lubricants. Thus, to a synthetic base comprising
di(2-ethyl hexyl) sebacate containing approxi-
mately .15% of a thickening agent (a polymeric
ester of acrylic acid), approximately 1% of vari-
ous types of well known. extreme pressure agents
were added, and the: compositions tested in-the
Four-ball E, P. machine and compared with com-
positions of this invention which consisted of the
same synthetic-base as noted. above containing
about 1% of CCli-tributyl: phosphite reaction
product of: this 1nvent10n The results are tabu-
-lated below:

Fou'r-Ball E. P, Lubrzcant Tester on additives m

Synthetic lubricant  (Di(2-Ethyl hexyl) seba-

cate plus 15% of a polymeric ester of Acrylzc
acid)

‘[leed COndJ.thIlS Omne minute tests at 1500 R. P. M. steel on steel

at amblent temperature.]

Load Car-
rying

Additive :
Capacity
(Kg)

(1) | CCls-tributyl phosphite reaction product.; 110-120
(2) | Di-2-ethyl hexyl B,B’ thio dibutyrate... 40-50
(3) | Hexachlorobutadiene. - oo —oooo-oooomooo - 40-50
(4) | Sulfurized sperm oil ... mm 40-50
None.......o.o. .. 40-50

Lubricants*of this invention were also tested
(and compared with commercial products) in a
gear Iubricant testing machine in order to de-
termine their effectiveness as hypoid gear lubri-
cants. The gear Iubricant testing machine. used
for carrying out the tests consists. essentially of
two parallel shaits with four geometrically simi-
lar gears affixed to their ends. - Each “pair of

‘gears is placed in a gear box which also contains

the ball-bearing supporting the shafts. The gear
and bearing compartments are separated by oil-
tight seals. To one of the shafts a loading cou-
ble.is connected at one end and a torque applied
at the other-end.- By applying a torque on this

‘shaft. the other shaft is placed under::torsion.

The -resistance of gears. to scoring. due to the
effectiveness of a lubricant was conducted gs fol-
A test gear was broken in and then sub-
jected to increased loads for 10 minutes at each
load in, the presence-of: a test:lubricant and the
gear.teeth examined for scoring after each in-
crease in load. The results of the scoring -tests
using different Iubricants are given below:

Gear. lubricant testing machine. using SAE. 90
hydrocarbon base oil

g Scoring on | Scoring on
Additive Addendum| Dedendum
Surface Surface
(1) | 2% CCls-triethyl phosphlte reac- Lbs. Lbs.
s tion prodiiet. .o oo 85 40
- (2) | Commercial gear luhncant con- |
“taining - 3.08% Sulfur, 1.14% -
chlorme and 1.62% lead i ... 60| - -, 30

Reaction products of this invention. can be
combined with other additives such as blooming
agents, pour point depressors and/or viscosity, im-
provers, antifoaming agents and the like. Among
the specific additives -for Iubricating purposes,
which - can be -used- are. oil-soluble detergents
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which include oil-soluble salts of various bases
with detergent forming acids. Such bases in-
clude metal 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,
ete. Organic bases include various nitrogen bases
as primary, secondary, tertiary and quaternary
amines.

Examples of detergent forming acids are the
various fatty acids of, say, 10 to 30 carbon atoms,
wool fat acids, parafiin wax acids (produced by
oxidation of paraffin wax) chlorinated fatty
acids, aromatic hydroxy fatty acids, paraffin wax
benzoic acids, various alkly salicylic acids,
phthalic acid monoesters, aromatic keto acids,
aromatic ether acids, diphenols as di- (alkyl-
phenol) sulfides and disulfides, methylene bis-
alkyl phenols; sulfonic acids such as may be
produced by treatment of alkyl aryl hydrocar-
bons or high boiling petroleum oils with sul-
furic acid; sulfuric acid mono-esters; phosphoric,
arsonic and antimony acid mono and diesters,
including the corresponding thio phosphoric and
arsonic acids and the like.

Additional detergents are the alkaline earth
phosphate diesters, including the thiophosphate
diester; the alkaline earth diphenolates, speci-
fically the calcium and barium salts of diphenol
mono and polysulfides.

Non-metallic detergents include compounds
such as the phosphatides such as lecithin and
cephlin, certain fatty oils as rapeseed oils vol-
tolized fatty or mineral oils and the like.

An excellent metallic detergent for the present
purpose is the calcium salt of oil-soluble pe-
troleum sulfonic acids. This may be present ad-
vantageously in the amount of about 0.025% to
0.2% sulfate ash. Also alkaline metal salts of
alkyl phenol-aldehyde condensation reaction
products are excellent detergents.

Antioxidants comprise several types, for ex-
ample, alkyl phenols such as 24,6-trimethyl
phenol, penta-methyl-phenol, 2,4 - dimethyl - 6-
tertiarybutyl phenol, 2,4-dimethyl-6-octyl phenol,
2.6-ditertiary-butyl-4-methyl-phenol, 2,4,6-tri-
tertiary-butyl phenol and the like; amino phenols
as benzyl amino phenols; amines such as dibutyl-
phenylene diamine, diphenyl amine, phenyl beta-
naphthylamine, phenyl - alpha - naphthylamine,
dinaphthylamine.

Corrosion inhibitors or anti-rusting compounds
may also be present, such as dicarboxylic acids
of 16 and more carbon atoms; alkali metal and
alkaline earth salts of sulfonic acids and fatty
acids, organic compounds containing an acidic
 radical in close proximity to a nitrile, nitro or
. nitroso group (e. g. alpha cyano stearic acid).

Additional ingredients may comprise oil-solu~
ble urea or thiourea derivatives, e. g. urethanes,
allophanates, carbazides, carbazones, ete.; poly-
isobutylene polymers, unsaturated polymerized
esters of fatty acids and monohydric aleohols and
other high molecular weight oil-soluble com-~
pounds.
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Depending upon the additional additive used
and conditions under which it is-used, the amount
of additive used may vary from 0.01 to 2% or
higher. However, substantial improvement is ob~
tained by using amounts ranging from 0.1 to
0.5% in combination with reaction products. of
this invention.

We claim as our invention:

1. A composition of matter comprising a major
amount of a neutral liquid medium and a minor
amount, sufficient to impart extreme pressure
properties to said neutral liqguid medium, of a
dialkyl trihaloalkane phosphonate.

2. A composition of matter comprising a major
amount of a mineral oil and a minor amount, suf-
ficient fo impart extreme pressure properties to
said mineral oil, of diethyl trichloromethane
phosphonate. ‘

3. A composition of matter comprising a major
amount of an organic ester of a carboxylic acid
and a minor amount, sufficient to impart ex-
treme pressure properties to said organic ester
of a earboxylic acid, of diethyl trichloromethane
phosphonate.

4, A composition of matter comprising a major
amount of a mineral oil and a minor amount,
sufficient to impart extreme pressure proper-
ties to said mineral oil, of dibutyl trichloro-
methane phosphonate.

5. A composition of matter comprising a major
amount of an organic ester of a carboxylic acid
and a minor amount, sufficient to impart ex-
treme pressure broperties to said organic ester
of a carboxylic acid, of dibutyl trichloromethane
phosphonate.

6. A composition of matter comprising a major

" amount of g neutral liguid medium and a minor
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amount, sufficient to impart extreme pressure
properties to said neutral liquid medium of di-
ethyl trichloromethane phosphonate.

7. A composition of matter comprising a major
amount of a neutral liquid medium and a minor
amount, sufficient to impart extreme pressure
properties to said neutral liquid medium of di-
buty! trichloromethane phosphoante.

DENHAM HARMAN.
ROY E. THORPE.
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