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“'This invention relates to lubncants and addi-
tlves for lubricating oils and greases.

Addltwes ‘for Tubricating ‘0ils aré known in the

art which act to 1nh1b1t the formation of ‘sludge’

and acid in oii, “to prevent tHe ~depositiot of
lacquer or‘ varnish ‘on the moving parts; and-to

prevent other'forms ‘of deterioration of He oil

which have an undesirable effect on’ the- ‘device
being lubncated ‘suchas’ an ‘internal”’ ‘combus-
tion engine,

surfaces opelatmg under high pressures and ‘in
preparing:this type of additive, it'is not common’
to consider this aspect of the lubrlcatlng proper-
ties of the oil. .
also been proposed heretofore vvhlch are especlal—
1y adapted to lubricate’ surfaces operated under
high pressures, such "as- gear surfaces. These
materials ‘are ‘referred fo as “E. By ‘(extreme
plessure) lubrxcants because they al e‘adapterd‘
for use at unusually high” pressures “'Meost uses
for which the E. P lubricants ate- demgned do
not involve hlgh temperature operatmns or other
COndlthl’lS Whlch result 'in" deterioration of the
oil. ~ Ther efore in‘the manufacture ‘of ‘the E. P.
lubricants, l1ttle attention is- usually’ paid to the
effects of sludge, acid or ‘lacquer formation: and
other results attributable to-oil detenoratlon i
The 1nvent1on contemplates ‘additives which
ha.ve, or’ 1mpart E P propertles and”whieh: also-
it ‘dete: i ‘Bécause of adverse’ con~
dltxons of op\eratlon ‘such’ add1t1ves can be used
for example in'gear boxe which! operate ‘4t réla-
tively high temporatures The prov1smn ‘of 'such
addltlves for'a plurahty of purposes is' desirable
even though more than one functlon is net mani+
fest' at’ any ‘one time. Such an ‘additive; whlch'

The oils contalmng ‘such additives;
as a general ‘rule, are not requlred to lubricate
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is of a universal matter, can ‘bé stocked- by CERE

userfora plurahty of purposes thus avoiding’ the
ptrchase and use of a, number of dlﬁerent addl—'
tives for special purposes

Ttisa pr1nc1pal obJect of the 1nvent10n thereof
{0’ prov1de a new composmon ‘suitable: for-use as a
lubmcant ‘and’ also as- ‘an-additive for lubrlcatmg
01ls and-greases to impfrove their Ei P, propertxes
and also to'inhibit the fermation of sliidge; acid;
lacquer -and othet results attributable” to the
detenoratlon of the o1l under operatrng cond1-
flons; -+ T 4
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- pounds as so-called E: P. additives.:

Other objects and advantages of the 1nvent10n
will appear from the followmg descrlptmn of the
invention. - -

In accordance with the present 1nvent10n it
has been found that a halogenated oxygen-con-
ta*nmg organic compound may ‘be reacted with
phosphorus sulfide and the reaction product then
converted into a heavy metal’ compound thereof:
The resulting product has ‘been: found to-be: ob-
tamable in’ good yields -and to- Have:improved
properties with respect to the inhibition -of acid
and sludge: formation: and’ particularly: the in-
hibitionof lacquer’ formation, and also imparts
these propetties-to. lubncatmg ‘oils and greases
to which the productis added.  Furthermore,the

product- and lubricating ‘oils and greases contain
the same high E. P. properties. :

It ig recognized that it has'been proposed here-
tofore to use a wide variety of halogenated com-
. Such E.F:
lubricants are not used normally as ‘additives:in
oil§ for high" temperature operation, such as in
an internal conibustion engine, because high pres-
sures -dre not encountered.: In addition, urder
these conditions of operation, many of these E: P:
lubricants’are ‘excessively corrosive. The “latter
property is not of muchi concern:because: under
conditions in which:such E. P. lubricants are nor=
mally : used, corrosion: is not a problem.-:Thus,
the halogenated materials ‘which heretofore have
been suggested ‘as ‘having good' E. P. properties
ordinarily are not good 1nh1b1tors for sludge and
acid formation in oils.-

It is also recognized that many sulfur =CON=
taining additives have: been proposed. and -that
metal compounds thereof have been suggested: as
acid, sludge, and lacquer .inhibitors. -However,;
the additives which are used for these:purposes
ordinarily do not impart:E. P: properties:to ‘oils
and greases and-are not used for this purpose
because apparatus operating under : conditions
normally” conducive ‘to sludge,- acid, and lacquer
formation does not-operate at high pressures::

In view of this state of the art, it‘is unexpected
that a, material could impart E. P. properties to
oils and greases and yet the same material func-
tion to inhibit the formation of sludge,  acid;
lacquer, corrosion; and other difficulties which
are inherent in high temperature operations.: .«

The halogenated oxygen-containing: -orgarie
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compounds that may be used in accordance with
the invention may be any of a wide variety of
compounds falling in this class. Preferably, these
materials should have a sufficiently high molecu-
lar weight to have a boiling point of at least
about 300° F. There is no upper limit to the
molecular weight of the compound except that
high polymers are not preferred, and the halo-
genated-oxygen-containing organic compound
should be one which results in a reaction product
with phosphorus sulfide.that is soluble in the oil
or grease which is to be used. In general, most
of the halogenated oxygen-containing orgamc
compounds themselves are oil soluble.

As illustrative of the compounds falling in this

class, reference may be made to halogenated

oxygen-containing acids, both..aliphatic and
aromatic, such as chlorobenzoic acid, di-chloro-
benzoic acid, chloronaphthenic :acid, mono- and
di-chloropalmitic acid, mono- and . di-chloro-
stearic acid and di-chloro dihydroxy stearic acid.

As illustrative of the halogenated oxygen-~-con-
taining organic esters, there may be mentioned

methyl di-chlorostearate, chlorinated alkyl esters..

of benzoic acid, such as chloromethyl benzoate,
chlorinated esters - of monoatomic alcohols of
fatty acids, such as chlorobutyl propionate, and
chlorinated glyceride of fatty acids, such as
chlorinated vegetable oils.

Especially suitable are halogenated oxygen-
containing waxes of the ester type, such as
chlorinated degras, chlorinated sperm  oil,
chlorinated hydrogenated waxes. One commer-
cially available hydrogenated sperm oil has an
iodine value of 6-7, a melting point of 50-52°
a free fatty acid content (as oleic) of 1.0-2.0%,
a saponification: value of 135-138, and about 36 %
of unsaponifiables. Another commercially avail-
able product is made by treating hydrogenated
sperm oil to remove a portion of the glycerides
therefrom. - This product will be referred to
hereinafter as refined hydrogenated sperm oil
It has an iodine value of 6.0, a melting point:of
48-50° C., a free fatty acid content (as oleic) of
04%, a saponiﬁcatlon value of 125, and 45% of
unsaponifiables.

Additional examples of halogenated oxygen-
containing organic materials include chlorinated
alcohols and phenols, ketones, aldehydes, and
other compounds.

Any of the above compounds may be used in
admixture with each other or in admixture with
other compounds in which the halogenated
oxygen-containing organic compound is a pre-
dominant ingredient thereof. Preferably such.a
compound or mixture should be:saturated be-
cause the compounds with too high. an icdine
value tend to polymerlze under the reaction con-
ditions.

Halogenated oxygen- contaimng organic com~
pounds have been referred to generally as a class
and compounds' of any halogen may' be used.
Chlorinated compounds are the most economic
and competitive and since they give satisfactory
results the respective - chlorinated compounds
have been listed as illustrative.

Of the phosphorus sulfides available, rhos-
phorus pentasulfide is relatively inexpensive and
readily available commercially.. Inasmuch as de-
sirable results are obtained with it, the invention
is described using phosphorus pentasulfide as
illustrative.

The heavy metal compounds, as these are de-
fined herein, include any metal other than the
alkali metals and . alkaline earth metals. = Ex-
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amples of these metals are arsenic, lead, copper,
iron, zinc, tin, antimony, and bismuth. These
are readily available and relatively inexpensive
and, - therefore, would probably comprise the
metals that are used in the commercial adapta-
tion of the invention.

The product of the invention is preferably
made in two stages or reaction steps. In the
first step, the halogenated oxygen-containing
organic compound is reacted with the phosphorus
sulfide. . This reaction product is then converted
into the desired corresponding metal compound
thereof.

In carrying out the reaction between the halo-
genated oxygen-containing organic compound

“and ‘the phosphorus sulfide, the reaction condi-
.. -tions should be adjusted and the proportions of
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.the material should be selected so as to obtain &
reaction product having a substantial amount of
20

sulfur.

In the preferred embodiment, a temperature
is employed which is high enough to replace a
major portion of the oxygen of the organic com-

- pound: with sulfur. The observed facts appear

to indicate a reaction in which at least a part of
the sulfur of the sulfide replaces oxygen of the
halogenated oxygen-containing organic- com-
pound and at least part of the displaced oxygen
combines with the phosphorus. to form a phos-
phorous and oxygen-containing residue.

The temperature which should be used varies
somewhat depending primarily upon.the molecu-
lar weight of the halogenated oxXygen-containing
organic compound and the rate that it is desired
to have reaction effected. In view of these vari-
ables it is impossible to assigh a precise numeri-
cal temperature that is optimum for all of the
compounds, but in .general the temperature
should be above about 270° F., preferably in the
range of 290 to 310° P, Temperatures in excess of
350 to 400° F. are not essential and there is no
point in using a higher temperature than that
which causes, the reaction to proceed smoothly
in the desired length of time.

The amount of phosphorus sulfide to be used
in the first step of making the product, prefer-
ably should be at least about equivalent to the
theoretical amount that would be required to
replace - all. of the oxygen .in. the halogenated
oxygen-containing organic compound with sul-,
fur. The amount of the sulfide will vary with
the molecular weight and the amount of oxygen
in the compound so that the precise amount in-
volves -simple chemical calculations. A slight
excess over the theoretical amount of the sulfide,
for instance, about 10% or more, may be of as-
sistance in forcing the reaction to completion.

After the initial reaction between the halogen-
ated oxygen-containing .organic compound. and
the sulfide, a residue comprising phosphorus and
oxygen will settle out as a sludge together with
any other insoluble materials and the reaction
product. may. be decanted or may be separated
by filtering or centrifuging.

‘The separated reaction product .is then -con-
verted into the corresponding heavy metal com-
pound as described heretofore. The metal, pref-
erably, is in the form of the oxide or hydroxide.

The amount of the metal compound to be em-
ployed will depend somewhat on the molecular
weight of the metal compound and the initial
reaction product. Generally the amount will
vary from 1-to 15% depending upon these fac-
tors. 'The amount of the metal compound will
also depend on whether the reaction product is to
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be.completely or partially reacted with the metal:
compound: : If desired, the amountiof the metal
compound: may be such as-only to react:with a
part of: the initial reaction: productisoias:to form
a-mixture of the initial reaction product and the
metal compound thereof. Such:a mixture is ad=
vantageous under some: circumstances  since - it:
embodies the properties:of both ingredients. ' The:
initial reaction product can also:be treated with-
a plurality of the above metals and the: plurality’
of metals-may include one of the heavier metals
with a minor proportion 'of an:alkali-or alkaline:
earth metal. In cases of certain of the heavier:
metals, the oxides or hydroxides of which may:not'
be reactive; the initially reacted product may be’
converted into an alkali metal compound thetreof
and this may be reacted with: g salt of the heavier
metal to replace the alkali-metal to form’ the de-
sired heavier metal compound.: :If desired, onlya
part of the alkali or:alkaline earth: metal may:
be replaced :and ‘in: this“way a mlxture of- two
metals may be formed. :

In: making the metal compounds the 1n1t1al-
reaction  product; preferably after..it has- been:
separated from the.residue; is heated to a tem-
perature of about 180° to 350° F., plefcrably 300°
F.; and the metal compound: added -

The reaction is continued until the: des1red=
amount of the metal compound:is:incorporated;
which may be from- 1 to .8 hours.. The reaction:
mixture is then settled or centrifuged and the
metal compound: is-separated from- any unre-
acted metal oxide or other insoluble materials. :

The: amount of the above described metal com~.
pound to be'added to oils or ‘greases:depends upon- ;
the characteristics of the oil or grease and the.in-
terided :use ‘thereof. ' Generally; the amount will
be within the range of 0.5:t0'15%; but under some
circumstances: much. smaller amounts: show- a.
noticeable . improvement. Inasmuech . .as:. the
metal compound itself .is a lubricant, there is no:
upper limit to.the amount that may be used: - It
is: uneconomical;- however, to-add more than. is-
necessary: to -impart the desired propertles to the
oil.

The - followmg spec1ﬁc example: 1s included
merely as illustrative of the invention, but with-
out limiting the scope of the invention as other-
wise described and defined. herem
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(A) Chlormated reﬁned hydlogenated sperm
oil containing 30% chlorine is réacted with 209
of phosphorus pentasulfide at a temperature of’
300° F. After the reaction is complete; which’
réquires about 1 hour, the material was permltted
to stand, during which’ time a by-product residue
settles and the reaction product was decanted

(B) The above reaction’ ‘product; was reacted
with 5% arsenic trioxide by heating'at'a tempera-" 60
ture of 300° F. for about 1 hour! The mixture
was filtered to separate, the metal compound from
any impurities,

In order to evaluate the metal compound as an’
inhibitor in a lubricating oil, and’also to deter-
mine -it§ capacwy for imparting E. P. ‘propeérties,
it was added in an amount of 9% to ‘an oil com-
prising 60% Pennsylvania: Bright Stock and 40%
No. 300 Red Oil. This was ‘compared -with the
same oil, not containing-an additive, with the 70’
same oil containing 9% of the same chlorinated’
refined hydrogenated sperm oil, and ‘with' the:
same oil contamlng 9% of the initial’ reactmn
product.

The ' inhibiting cha,ractemstms of the three 75

85
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5 the operatlon ‘of the engine at the end ‘of 20 hour§

65! hydrogenated  sperm oil:

samples were tested in anvethyl:motor: operation:
under procedure IV in which the operatin’ cbn-—
d1t1ons are as follows i

Speed______f _____________ 1200R.PIM.
Jacket. temperature.... L 212°P,.
Sump temperature 300°F.

Air fuel ratio . coo_o 1541
Compression ratio...._-- 71

Catalyst_e;_,-_-____T;___;__ 0.1% Fle203 a5 Neodex'

iron. na,phthenate
The results of th1s test are as follows

Refined Hy

" Exam: Exam- |- drogenated:
Add’twe -------------- None"| ‘1o A ple B Sperm Oil’
- A : Chlormatedl

with' the'oil contammg chlorinated reﬁned hydro:
genated 'sperm oil ‘since the v1scoslty of this oil’
incteased’ such that the engine could not' be §ibiy
ther lubricated, With the additive’ of ‘the’ inveris
thl.! made in’ accordance with the mventlon, the
rin could be contmued for a much’ longer "t
The metal ‘compound - of the 1nvent1on is mu
supenor from the sta,ndpomt of corrosion as ¢o
pared Wlth clorma.ted reﬁned hydrogenated sperm“'
oil, and’is also superior to-the rea,ctlon product‘
thereof with" phosphorus pentasulﬁde o

The*same: samples were tested by the T1mken'
test at'800' R, P. M., to evaluate their E. P prop=’
ert1es The results are as follows ’

. . . E ¥ e ‘ lgeﬁngd Fg-
S “Exam: | Ezam® rogenatel
Additive....... mammmean Nowo | ‘bie A | pleB |- SpermsOfk:
L Chlormated
Amount.____percens. . None. | ol el e
Maximum- pounds : R (R C
tested ... on RN i 15 .. B0 160 | 358

1Fror'nz‘th’e abovefdata,'itvwill‘f be seen that-the:
metal ‘compounds of the’ invention: are ‘superior;
both ir¥ their E. P; properties and then' mhiblt‘xon
to deterioration of the oil;

This superiority-in both: these respects i§ in=s
dependent of the chlorine content of the refined’
:Similar: tésts earried
out: withi chlorinated refined hydiogenatéd: speriti
oil containing 109 chlorine  revealed results: of:
the' same- order;. namely, they demonstrate  the:
superiority of ‘the metal compound as’ imparting:
tothe oilan improved resistanceagainst: cor=
rosion’ ofrtheegrings ard -higher B ;propertles~

-The' manner in ‘which: the ‘inverition: wouldbe:
applied to other halogenated oxygén-containings
starting materials -and’ other metals will:be::ob=
vious from- the above example in view of the:dis=:
closure - heretofore, and: for this 1eason‘ further*-
exgmplesare not'included. EPRTERE E

It will ‘'bé apparent to one" skilled in: the art
that -a vatiety of matérials are’ included: within®
tHé generic' designations ‘and: that - different pros-
cedures be-included.- All"such: variations' as fall:
within the scope of the following: claxms areins:
tended’ to be'included in the inventiorn.

This  application: is & continugtion-ir=part!: oﬁ
our applicationsSerial Number.482,49%; filed:Apriy
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9,.1943, now Patent No. 2419 153, dated Apnl
15, 1947.

We claim:

1. As a lubricant.and as an addition agent for
lubricating oils “and greases to inhibit their de-
terioration and improve their E. P. properties, a
heavy metal compound of the reaction product of
a halogenated oxygen-containing organic com-

pound reacted with an amount of a phosphorus :

sulfide at least about equivalent to the theoretical
amount required to replace the oxygen in the
halogenated oxygen-containing organic com-
pound with sulfur from the sulfide, reacted at a
temperature above 270° F. to form a reaction
product which is separable from a phosphorus
and oxygen-containing by-product residue,

2. As g lubricant and as an addition agent for
lubricating oils and greases to inhibit their de-
terioration and improve their E. P. properties, a
heavy metal compound of the reaction product of
a chlorinated oxygen-containing organic com-
pound reacted with an amount of phosphorus
pentasulfide at least about equivalent to the theo-
retical amount required to replace the oxygen in
the chlormated oxygen-containing organic com-
pound with sulfur from the sulfide, reacted at a
temperature above 270° F. to form. a reaction

product which is separable from a phosphorus and,

oxygen-containing by-product residue. .

. 3. As a lubricant and as an addition agent for
lubricating oils and greases to inhibit their de-
terioration and improve their E. P. properties, a
heavy metal compound of the reaction product
of _a chlorinated fatty acid reacted with an
amount. of a. phosphorus sulfide at least about
equivalent to the theoretical amount required to
replace the oxygen in the chlorinated fatty acid
with sulfur from the sulfide, reacted at a tem-
perature above 270° F. to form a reaction prod-
uct which is separable from a phosphorus and
oxygen-containing by-product residue.

4. As a 'lubricant and as an addition agent for
lubricating oils and greases to inhibit their de-
terioration and improve their E. P. properties, a
heavy metal compound of the reaction product
of a chlorinated ester of a fatty acid reacted with
gn amount of phosphorus pentasulfide at least
‘about equivalent to the theoretical amount re-
.. quired to replace the oxygen.in the chlorinated

- fatty acid ester with sulfur from the sulfide, re-

acted at a temperature above 270° F. to form &
reaction product which is separable from a
~phosphorus and oxygen-containing . by-product
residue,

i5.. As a-lubricant and as an addition agent for
lubricating oils-and greases to inhibit their de-
terioration and improve their E. P. properties, a
heavy metal compound of the reaction product
of a -chlorinated ester type wax reacted with.an
amount of phosphorus pentasulfide at least about
equivalent to the theoretical amount required to
replace the oxygen in, the chlorinated ester type
wax with sulfur from the sulfide, reacted at a
temperature above 270° F. to form a reaction
product which is separable from a phosphorus
and oxygen-containing by-product residue.

6. As a lubricant and as an addition agent for
lubricating oils and greases to inhibit their de-
terioration and improve their E. P. properties,
the arsenic compound of the reaction product
of a chlorinated ester type wax reacted with an
amount of phosphorus pentasulfide at least about
equivalent to the theoretical amount required to
replace the oxygen in the chlorinated ester type
wax . with sulfur from the sulfide, reacted at a
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temperature above 270° F, to form a reaction
product which is separable from a phosphorus
and oxygen-containing by-product residue.

7. As g lubricant and as an addition agent for

. lubricating oils and greases to inhibit their de-

terioration and improve their E. P.- properties,
the arsenic compound of the reaction product
of a chlorinated hydrogenated sperm oil reacted
with an amount of phosphorus pentasulfide at
least about equivalent to the theoretical amount
required to replace the oxygen in the chlorinated
hydrogenated sperm oil with sulfur from the
sulfide, reacted at a temperature above 270° F.
to form a reaction product which is separable
from -a phosphorus and oxygen-containing -by-
product residue. .

8. A lubricating composition comprising a min-
eral oil lubricant and an amount of an addition
agent to inhibit the deterioration and improve
the E. P. properties thereof, said addition agent
being a heavy metal compound of the reaction
product of a halogenated oxygen-containing or-
ganic compound reacted with an amount of a
phosphorus sulfide at least about equivalent to
the theoretical amount required to replace: the
oxygen in the halogenated oxygen-containing
organic compound with sulfur from the sulfide,
reacted at a temperature above 270° F. to form
a reaction product which is separable from a
phosphorus and oxygen- contammg by-product
residue.

9. A lubricating composmon comprising a min-
eral oil lubricant and an amount of an addition
agent to inhibit the deterioration and improve
the E. P. properties thereof, said addition agent
being a heavy metal compound of the reaction
product of & chlorinated fatty acid reacted with
an amount of phosphorus pentasulfide at least
about equivalent to the theoretical amount re-
quired to replace the oxygen in the chlorinated
fatty: acid with sulfur from the sulfide, reacted
at a temperature above 270° F. to form a reaction
product which is separable from g phosphorus
and oxygen-containing by-product residue.

10. A 1lubricating composition comprising &
mineral oil lubricant and an amount of an addi-
tion agent to inhibit the-deterioration and im-~
prove the E. P. properties thereof, said addition
agent being a heavy metal compound of the re-
action product of a chlorinated ester of a fatty
acid reacted with an amount of phosphorus
pentasulfide at least about equivalent to the
theoretical amount required to replace the oxy-
gen in the chlorinated fatty acid ester with sul-
fur from the sulfide, reacted at a temperature
above 270° F. to form a reaction product which
is separable from a phosphorus and oxygen-con-
taining by-product residue.

11. A lubricating composition compr1smg a

. mineral oil lubricant and an amount of an addi-~

tion agent to inhibit the deterioration and im-
prove the E. P. properties thereof, said addition
agent being a heavy metal compound of the re-
action product of a chlorinated ester type wax
reacted with an amount of phosphorus penta-
sulfide at least about equivalent to the theoreti-
cal amount required to replace the oxygen in the
chlorinated ester type wax with sulfur from the
sulfide, reacted at a temperature above 270° F.
to form a reaction product which is separable
from a phosphorus and oxygen-containing by-
product residue.

12, A lubricating composition comprising a
mineral oil lubricant and an amount of an addi-
tion agent to inhibit the deterioration and im-
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prove the E. P. properties thereof, said addition
agent being the arsenic compound of the reac-
tion product of a chlorinated ester type wax re-
acted with an amount of phosphorus pentasulfide

at least about equivalent to the theoretical 5
amount required to replace the oxygen in the
chlorinated ester type wax with sulfur from the
sulfide, reacted at a temperature above 270° F.
to form a reaction product which is separable
from 3 phosphorus and oxygen-containing by- 10
product residue.

JOHN M. MUSSELMAN.
HERMAN P. LANKELMA.
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