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This invention has to do in a general way with
mineral oil compositions and is more particular-
ly related to compositions comprised of mineral

oil and a minor proportion of an added ingre- .

dient which will improve the oil in one or more
respects. :

It is well known to those familiar with the art
that mineral oil fractions refined for the various
uses are in and of themselves usually deficient in
one or more respects, so that their practical util-
ity is limited even in the particular field for
which they have been refined. For example, min-
eral oil fractions refined for use as lubricants
have a tendency to oxidize under conditions of
use with the formation of sludge or acidic oxida-
tion products; also the lighter fractions such as
gasoline and kerosene tend to oxidize with the
formation of color bodies, gum, etc. In order to
prevent the formation of these products and
thereby extend the useful life of the oil fraction,
it is common practice to blend with such oil frac-
tions an additive ingredient which will have the
effect of inhibiting oxidation, such an ingredient
being known to the trade as an oxidation in-
hibitor or a sludge inhibitor, a gum inhibitor,
ete.

It is also the practice to add other ingredients
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internal combustion engines, particularly those
operating with high cylinder pressures, there is
a decided tendency for the ordinary lubricating
oil fractions to form carbonaceous deposits which
cause the piston rings to become stuck in their
slots and which fill the slots in the oil ring or
rings, thus materially reducing the efficiency of
the engine. Ingredients have been developed,
which, when added to the oil, will reduce this
natural tendency of the oil to form deposits which
interfere with the function of the piston rings.

It has also been discovered that certain types
of recently developed hard metal alloy bearings,
such as cadmium-silver alloy bearings, are at-
tacked by ingredients in certain types of oils,
particularly oils of high viscosity index obtained
by various methods of solvent-refining. This
corrosive action on such alloys has led to the de-
velopment of corrosion inhibitors which may
be used in solvent-refining oils to protect such
bearing metals against this corrosive action.

In the lighter mineral oil fractions, such as
those used for fuel purposes, particularly in in-.

" ternal combustion engines, it has been found that
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to mineral oil fractions for the purpose of im- .

proving ‘“oiliness” characteristics and the wear-
reducing action of such mineral oils when they
are used as lubricants, particularly when the oils
are used for the purpose of lubricating metal sur-
faces which are engaged under extremely high
pressures and at high rubbing speeds.

Various other ingredients have been developed
for the purpose of depressing the pour point of
mineral oil fractions which have been refined
for use as lubricants. Most refining treatments
provide oils containing a small amount of wax
in the oils, which, without the added ingredient,
would tend to crystallize at temperatures which
render the oil impracticable for use under low
temperature conditions. Additive agents have
also been developed for improving the viscosity
index of lubricating oil fractions. In the case of
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the combustion characteristics of the fuel may
be controlled and improved by adding minor pro-
portions of various improving agents thereto.

The various.ingredients which have been de-
veloped for use in mineral oil fractions to im-
prove such fractions in the several characteris-
tics enumerated above are largely specific to their
particular applications. Therefore, it has gen-
erally been the practice to add a separate in-
gredient for each of the improvements which is
to be effected. :

The present invention is predicated upon the
discovery of a class or group of oil-soluble reac-
tion products or compounds which, when added
to mineral oil fractions in minor proportions, will
improve the oil fractions in several respects.
These multi-functional reaction products or com-
pounds are phosphorus- and sulfur-containing
and are formed by the reaction of a phosphorus
sulfide and an amide of an alkyl-substituted aro-
matic carboxylic acid. Contemplated also as
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coming within the class of phosphorus- and sul-
fur-containing reaction products are the metal,
ammonium and organic amine derivatives of said
reaction products.

The amides of alkyl-subst1tuted aromatic car-
poxylic acids from which the reaction products
or compounds of this invention are obteined may
be represented by general Formulg I:

. R,—T—cl‘:—'NH,

L
e O
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wherein T is an aromatic nucleus, either mono- .

or poly-cyclic; R is an oil-solubilizing aliphatic
or alkyl hydrocarbon group, or groups, which
preferably contains a total of ten or more carbon
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atoms, and particularly preferred of such & group -

is one having at least twenty carbon atoms, such
as an aliphatic “wax” group, and is attached by
one valence only to at least one aromatic nucleus
T; 7 is a small whole number from 1 to 4 and Y
is selected from the group consisting of hydroxyl,
mercapto, mercaptal, mercaptol, ester (organic
and inorganic), thioester, keto, thioketo, alkoxy,
aroxy, thioether, polysulfide, oxime, amido, thio-
amido, carbamido, aralkyl, alkyl, alkaryl, aryl,
hydrogen, nitro, nitreso, nitrosamino, amino,
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amidine, imino, N-thio, diazo, hydrazino, cyano,

cyanate, th1ocyanate azo, hydrazo and azoxy
radicals; and ¢ is an mteger preferably from 0
ta 3, and represents the number of Y substituents
occupying the unsatisfied positions on the nucleus
T. Included among the inorganic ester substi-
tuents.represented by Y are inorganic acyl groups
of acidic metalioid elements which are considered
to be components or constituents of the acid of
“the known metallic or acid metalloid elements:
phosphorus, silicon and boron. They are deriva-
tives from an inorganic halide selected from the
- group consisting of PCl3, PCls, BCls, SiCls, POCIs,
" PSClz, and PNClz, in the reaction of said halide
with a hydroxyaromatic carboxylic acid, followed
by subsequent water washing of the reaction mix-
ture. Such substituents are discussed at length
in application Serial No. 463,966, filed October 30,
© 1942 (now Patent No. 2,357,287, issued September
5, 1944), in which one of the present inventors,
O. M, Reiff, is a-co-inventor.

Those amides in which the nucleus T contains a -

hydroxyl group, as represented by general For-
muls II, are particularly desirable compounds:

oH

Rn—’{‘—-C——NHz

| iy

wherein the symbols R, ¥, 2 and ¢ are defined

o

- “above.

The amides represented above by general For-
mulae I and II may be prepared by anhy one of
several methods well known to those familiar with
the art. Preferred, however, are those amides
prepared by reaction of an alkyl-substituted hy-
droxyaromatic carboxylic acid or metgl sait there-
of with an acyl chloride such as SOClz, SO:zClz,
PClI;, POCl:, BCh, SiCl: and PNCla, followed by

reaction with ammonia, Particularly preferred
- of the acyl chlorides for use in the aforesaid re-
action is PCh.
aromatic carboxylic acids and metal salts thereof
are well known to the art and preparation thereof
need not be‘described here; typical of such acids
- and salts and methods for their preparation are
shown in Patent 2,253,811 issued to O, M. Reiff.
"The reaction products or compounds contem-
plated herein are all characterized by the pres-
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ence of substantial amounts of phosphorus and
sulfur therein. For example, when 4 mols of an
amide of the type represented by general Formula
I are reacted with substantially 1 mol of P2Ss5 as
described hereinafter, it is most probable that the
reaction product is.predominantly comprised of
a phosphorus- and sulfur-containing product
shown in Equation A below:

4 R.—T—?—NH:-{-PzSu E—

Yo
In the event, however, that the nucleus T of the
amide reactant is substituted with a hydroxy!-

group (Y), as typified by general Formula II, it
is most probable that the reaction product con-

. tains “appreciable quantities of the followino

products:
: S
1§
R,,—-'JL*—?—NHa LH HeN—ﬁ—Jr—R..
e O e
and
]
e [
i 1
R,.-—T—CIJ—NHz SH HzN—(")—'l‘—R..
a S Y.
in addition to the product:
OH 8 OH
] Il Jr
R..—-T—(")—N—P—g—(l'lj—- —Ra
4{, o I o {,
. : SH
Correspondingly, when 2 mols of an amide of

the type identified by general Formula II are
reacted with substantially 1 mol of P2Ss, the reac-
tion most probably predominates in the manner
indicated by Equation B:

/0
) O—P/
: x
OH § S
B 2R, —("J—NHz + PS5 —— 2Rn—’ll‘—ﬁ—NH2 + H.S
s O ' Ys S

While the phosphorus- and sulfur-containing -
preduct shown in Equation B most probably pre-
dominates, a lesser quantity of the following -
product may alsc be contained therein:

o
/
0—P

< .
Rnp— —(ll—NH:

It will be understood that when inorganic acyl
radicals, such as those referred to hereinabove,
are present in the alkyl-substituted amide before
reaction with PaSs, that the P2Ss reaction product
will contain compounds such as those shown

. above in description of Equations A and B in

The alkyl-substituted hydroxy- .
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which an inorganic acyl group is represented by

. symbol Y, and it will further be understood that

these inorganic acyl groups may in some instances

- also undergo. chemical change in the P:Ss reac-

tion. For example, if the hydrogen of the hy-
droxy substituents of two alkyl-substituted hy-
droxyaromatic carboxylic acid molecules is re-
placed by & chlorinated phosphoryl group
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(=P—CD), ammonia will react with this group to
form a =P—NH3 group. This group would be
reactive with P:Ss.

With regard to the metal salts of the aforesaid
reaction products or compounds, it will be appar-
ent that the aforesaid hydrogen attached t¢ the
sulfur atom in the —SH group will be replaced by
a metal group represented hereinafter by the
symbol M,

The metals contemplated herein may be broadly
classified as the metals of groups 1 t¢ 8 inclusive
of the ‘periodic system. These metals comprise
the following: alkali metals lithium, sodium, po-
tassium, rubidium, and caesium; the alkaline
earth group beryllium, magnesium, calcium,
strontium and barium; the metals zine, cadmium,
ercury, scandium; the metals aluminum, gal-
lium, indium, thallium, titanium, zirconium, ce-
rium, thorium, germanium, tin and lead; vana-
dium, colombium, and tantalum: arsenic anti-
meny and bismuth; chromium, molybdenum,
tungsten and uranium; rhenium, manganese,
iron, cobalt and nickel; ruthenium, rhodium and
palladium; osmium, iridium and platinum,

Some of the rare earth metals are given in the
foregoing. Other rare earth metals suitable for
the metal type of compounds contemplated herein
are those commercially available as the cerium
and yttrium groups, namely g mixture of prase-
odymium, neodymium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, er-
bium, thallium and. lutecium.

Particularly preferred of such metals are the
metals calcium, barium and zine.

As described above T represents an aromatic
nucleus which may be mono- or polyeyclic. Typi-
cal nuclei contemplated herein are benzene,
naphthalene, anthracene, phenanthrene, di-
phenyl, etc, )

As aforesald, compounds represented by the
phosphorus- - and sulfur-containing reaction
products shown in Equations A and B, contain at
ast one oil solubilizing substituent such as an
ukyl group. Oil solubility is imparted to the
:ompounds or reaction products of this invention
vith alkyl substituents, such substituent or sub-
itituents containing at least ten carbon atoms in
ukyl groups, such as, two amyl groups. Within
‘his general group of alkyl substituents prefer-
:mnce is given to long-chain high molecular weight
iphatic hydrocarbon groups, because reaction
roducts or compounds characterized by an aryl
wcleus having these alkyl substituents are not
mly oil soluble but possess the added properties
f improving the pour point and viscosity index of

he oil to which they are added. Petroleum wax
5 & preferred source of the high molecular weight
lkyl substituent and for this reason the pre-
erred multifunctional reaction products of the
ddition agents are referred to as “wax™ substi-
uted. It is to be understood, however, that other
quivalent long-chain aliphat’c compounds such
s ester wazxes, high molecular weight alcohols,
tc., may be utilized. In compounds of the pre-
:rred sub-class, that is, those containing a wax
wbstituent, the wax group cooperates with the
ryl nucleus to which it is attached and with the
ther substituents on the aryl nucleus to impart
our depressing and viscosity index improving
roperties to these agents. These preferred
lkyl-substituted compounds are capable of re-
\aining uniformly dispersed in mineral oil either
3 a true solution or a colloidal suspension under
ormal conditions of handling and. use. There
ppears to be, however, g critical zone or region
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in the degree of alkyl- or wax-substitution below
which these compounds or reaction products are
not readily soluble in viscous mineral oil fractions.
This degree of alkyl- or wax-substitution for our
oil-soluble or oil-miscible reaction products or
compounds, which may or may not contain a
metal substituent, may vary over relatively wide
limits, depending upon whether the aryl nucleus
is mono- or polycyclic and whether such nucleus
carries .other substituents such as represented
above by Y.

It should also be understood that the wax
group in the preferred sub-class may be poly- .
valent in nature, in which event each of the
polyvalent wax radicals or groups will be at-
tached to a plurality of the aryl nuclei.

With regard to the number of other groups
which may be present on the aryl nuclei, this.
will vary with the extent to which it is desired
to effect substitution of the nucleus with the alkyl
or wax derivatives for obtaining the desired prop-
erties in the product. It is, of course, limited to
the number of replaceable hydrogens on the aro-
matic nuecleus which are available for substitu-
tion. As will be apparent to those skilled in the
art, the maximum number of R groups which can
be attached to a single aromatic nucleus will vary
as the nucleus is mono- or poly-cyclic, and also
as the nucleus is otherwise substituted.

It will be understood that the oil improving
agents of this invention may be pure compounds
of the type represented by the reaction products
shown in Equations A and B. In Preparing the
oil improving products defined hereinabove, how-
ever, those containing at least one wax (R)
group obtained by procedures in which wax sub-
stitution of an aromatic hydrocarbon is effected
with  a chlorinated wax by the Friedel-Crafts
reaction, the final oil improving product is usu-
ally a mixture of different compounds and for
this reason the products contemplated herein are
contemplated as reaction products as well as
compounds.

In the event chlorinated parafiin wax (or g
chlorinated hydrocarbon of the type which char-
acterizes chlorinated paraffin wax) is used as
the alkylating agent for introducing an alkyl
group into a hydroxy-substituted aryl nucleus
(T—OH), the product obtained is referred to a$
waXx substituted. To further identify these wax-

-substituted products, we have adopted the con-
‘venient designation (A—B) indicating with (A)

“the number of atomic proportions of chlorine in
the chlorinated wax reacted with one mol of phe-
nol” and indicating with (B) “the percentage
of chlorine content of the chiorinated wax.”
Thus wax-phenol carboxylic acid (3-16) indi-
cates that the wax phenol used in obtaining the
acid is the product obtained by reacting one mol
of phenol with a quantity of chlorinated wax
(of 16% chlorine content) containing three
atomic proportions of chlorine. This designation
will be resorted to hereinafter to describe
the wax-substituted hydroxyaromatic carboxylic
acids (and the corresponding metal salts) used

in the preparation of the preferred compounds or

reaction products contemplated herein and will.
also be resorted to to describe said final come-
pounds or reaction products.

In order to more fully demonstrate the reaction
products contemplated herein as mineral oil im-
proving agents the following illustrative examples
of preferred reaction products are described
below. , i
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Examelz 1
REeacTION Propuct oF F:2Ss

TUTED AND PHOSPHORYL-SUBSTITUTED BENZ-

AMIDE :

(@) Preparation of alkyl-substituted phos-
phoryl benzamide ~Eight hundred grams of 1:3
minereal oil blend of the mono-sodium salt of wax
phenolic acid (3-14), prepared as described in
Reiff Patent 2,197,832, are heated to 50° C. and
334 grams of PClx (1 mol) are added slowly
thereto with stirring. The temperature is raised
to 100° C. to insure complete reaction. The com-

bined phosphite ester and acid chloride being.

formed as indicated in Equation C:
: OH
N a . />< o :
Rn—U——COONa-l—PC]a——_-»
c .
0—P=0

Ro—]|

- —‘—(IIJ—GI+NaCl+ﬁCl
)

To form the amido derivative, gaseous ammonia
is introduced into the mixture at 100° C. until
an excess of ammonia is present as determined
by the use of wet litmus paper. The -reaction
product at this stage may be represented by the
following formula: o

’ " Q—P=0

Rn—

— —l—ﬁ—NHa

b. Preparaiion of the reaction product of P2Ss

AND ALKYL-SUBSTI-

9,898,984

ucts and oll traces of butanol are removed. The

final product, which is approzimately & 1:3 blend

- in mineral oil, analyzes as follows: barium, 3.0%:

(21}

sulfur, 1.6%; phosphorus, 1.6%; and nifrogen

6.4%. This product is referred to hereafter as

reaction product II. . _
wWhile the use of hydroxide is the -preferred

- method of forming the barium salt, the salts of

10.

other metals, and the barium salts as well, can be
formed by using an alcoholate of the desired
metal or can be formed by double decomposition

. of the sodium salt of the P2Ss reaction products—

30

. and (@) —In order to facilitate the reaction of the .
product obtained (a) and P:Ss, and to form a

product having a light color, it has been found
desirable to first remove the sedium chloride and
ammonium 'chloride by-products at this stage.
This is accomplished by adding 100 cc. of butanol
and 10 cc. of water and stirring the resultant mix-
ture for about one hour, followed by the removal

of butanol and water by raising the temperature

to sbout 180° C. During this treatment, the
chiemically combined salts are completely pre-
cipitated and are then removed by filtering the
mixture through “Hi Flo.” The amide is then
reacted with 27 grams of P2Ss (% mol) for four
hours at about 175° C. to obtain the final product.
The amount of P2Ss used in this example corre-
sponds to Equation B shown above. The product,
in mineral oil, is characterized by the following:
phosphorus, 1.6%; sulfur, 1.6%; nitrogen, 0.4%:;
and neutralization number 20.0 (titration in 50%

ethyl alcohol-water mixture with phenolphthalein’

indicator). ‘'This product is referred to herein
after as reaction product I -

EXAMPLE 2
BARIUM SALT OF REACTION PropuUCT I

The barium salt of the phosphorus- and sulfur-
containing reaction product obtained in Example
1 can be readily prepared by reaction of said re-
action product with barium hydroxide. This is
accomplished by adding 60 cc. of butanol and 77
granis of Ba(OH)2.8H20 to 800 grams of the said
reaction product and, with rapid stirring, heating
the resultant mixture to 150° C. The barium salt
thus, formed is then steamed at 150° C. until an
amount, equivalent to the volume of the reaction
product, of water is collected from the steaming
operation. By this<means odoriferous by-prod-
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whieh are formed by reaction with sodium bu-
tylate—with a chloride of the desired metal.

These reactions are preferably carried out with

butanol as the solvent in order to obtain suitable

mixing of the reactants.

‘ EXAMPLE 3
CALCIUM SALT OF REACTION PRODUCT i

A quantity (800 grams) of the reaction product
I, obtained as described in Example 1, is reacted
with 28.4 grams of CaClz and a sodium butylate
containing 12 grams of sodium. The calcium salt
is formed by heating the reaction mixture to
150° C. whereupon substantially all of the butahol,
released in the reaction, is removed, followed by
steaming the butanol-free mixture at 150° C. as

-deseribed in Example 2 above. The reaction mix-

ture is then filtered with the aid of “Hi Flo” in
order to.obtain the finished product in approxi-
mately a 1:3 mineral oil blend. The product
analyzes as follows: calcium, 1.1%; sulfur, 1.7%;
phosphorus, 1.7%; and. nitrogen, 0.4%. This

5 product is referred to hereafter as reaction prod-
“uet III, ‘

EXAMPLE ¢
‘Zinc SALT OF REACTION PrODUCT I

The zinc salt of reaction product I is readily
formed by double decomposition of zinc chioride
in solution in butanol with the sodium salt of
reaction product I, or by reaction of zinc butylate
with reaction product I. The zinc salt is gen- -
erally formed by adding a butanol solution of
zinc chloride to reaction product I, followed by the
addition of an equivalent amount of sodium bu-
tylate. A quantity (800 grams) of the reaction
product I obtained as described in Example 1 is
reacted with 34.8 grams of zinc chloride and 12
grams of sodium in the form of sodium butylate.
The reaction is carried out as described in Ex-
ample 3 above. The zinc salt thus obtained is
approximately a 1:3 mineral oil blend, and ana-
lyzes as follows: zinc, 2%; sulfur, 1.7%; phos-
phorus, 1.6%; and nitrogen, 0.4%. - This product
is referred to hereafter as reaction product IV.-

EXAMPLE 5

REACTION PRODUCT OF P2S5 AND DIAMYL-SUBSTI-
TUTED PHOSPHORYL-SUBSTITUTED BENZAMIDE

“This product was obtained by reaction of 827
grams of the 1:3 mineral oil blend of the mono-
sodium salt of diamy! phenol carboxylic acid (pre-
pared as indicated in Patent 2,197,832), 116 grams

~ of PCl3, 29 grams of ammonia and 95 grams of

70
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PS5, as described in Example 1 (@) and (d).
When this product is referred to hereafter, it
will be referred to as r_eaction product V.

EXAMPLE 6 )
Barrum SALT OF REACTION PropUCT V

Prior to reaction with barium hydroxide, reac-
tion product V was desalted with butanol and
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water as described in Example 1 (@) and (b), and

steamed as described in Example 2. The reac-

tion product V so treated is then reacted with
barium hydroxide at 150° C. The finished prod-
uct, in approximately a-1:3 mineral oil blend, is
obtained by filtering the reaction product with
the aid of “Hi Flo.” Analysis of the 1:3 mineral
oil blend showed: barium, 1.9%; surfur, 2.6%;
phosphorus, 2.6%; and nitrogen, 0.45%. This
product is identified hereafter as reaction prod-
uct VI,

It will be apparent to those familiar with the
art that the compounds or reaction products con-
templated herein, and illustrated hereinabove by
products I through VI, can be obtained in the
free state rather than in mineral oil blends as
above. All that is necessary in this regard is
the substitution of a diluent such as kerosene,
Stoddard’s solvent, etc., for the mineral oil dilu-
ent used in the foregoing examples, followed by
removal of said diluent after the reactions have
been completed. It is to be understood that such
compounds or reaction products are contemplated
herein.

To demonstrate the effectiveness of the com-
pounds or reaction products of the type described
above and illustrated by the foregoing examples,
in the mineral oil compositions contemplated by

this invention, we have conducted several com- -

parative tests, the results of which are listed be-
low, with representative mineral oils alone and
with the same oils blended with the preferred
reaction products prepared in the foregoing ex-
amples.

POUR POINT DEPRESSION

This series of tests was conducted with a min-
eral lubricating oil fraction having a Saybolt
viscosity of 67 seconds at 210° F, and an A. S.
T. M. pour point of 20° ¥. The results of these
tests are listed below in Table I.

Table I
Cone. by ABT.M
Improving agent ::Lgt‘;to( Il “bour point,
hbiend | degrees F.
NOT@ . - oo memeeeacaae 0 +20
Reaction product I....... e ———— 14 -25
Reaction produet I1.... % ~20
Reaction product IIT__. ié ~15
Reaction product IV..... 4 -20

Viscosity INDEX IMPROVEMENT

The improvement obtained by the mineral oil ;

addition agents contemplated herein in the vis-
cosity index of a mineral oil to which they are
added is clearly shown by the illustrative data
in Table II below:

Table I
! Conc. by |Kinematic viscosity
Improving agent i vzgll]gtl;togxie;- V.1

| Toilblend | 100°F. | 210° F.

l

|
NOBE. cccecmcneaaae ! 0 30. 55 4.82| 785
Reaction product I. - 441  3L79 4.99 | 85.1
Reaction product . 41 32.48 5.07 | 87.0
Reaetion product II._. .. 4 32.72 512 89.5
Reaction product IV_.__. i 4 32. 56 510 | 89.0

CORROSION INHIBITION

The protective action of the phosphorus- and
sulfur-containing reaction products contemplat-
ed herein upon copper-lead bearings was tested
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in a C. P. R. engine. In this test the engine is
run at a speed of 200 R. P. M. with the jacket
temperature held at 212° F. to give an oil tem-
perature to the bearing of 275° F. The engine is’
stopped at 20 hour intervals in order to determine
the bearing loss (in milligrams) and the acidity
of the oil, the latter being measured by the neu-
tralization number (N. N.). The oil used in this
test was a motor oil having a Saybolt viscosity
of 67 seconds at 210° F. The results are tabu-
lated below in Table III.

Table 11T

Cone. by
weight
(percent)
- of 1:3
oxl blend

Bearing Hours

Improving agent run

None_ ... ... _......
Reaction product II. ...
Reaction product ITI__..
Reaction product IV.....
Reaction product VI.__ ..

40
115
105

M b O
et adutad
WO

=1

[~

=]

&

.96
0. 158 150

A motor oil and blends of the same motor oil
containing preferred improving agents of the type -
contemplated herein were also tested in a single-
cylinder Lauson engine which was operated for

_ 36 hours at an oil temperature of 290° F. and a

jacket temperature of 212° F, The motor oil used
was & solvent-refined oil having a Saybolt vis-
cosity of 45 seconds at 210° F., and the oil blends
used were blends of the said oil and said pre-
ferred improving agents. After 36 hours the acid-
ity (as megsured by the N, N.) and the kinematic
viscosity of the oil and of the oil blends were
measured. The results are shown in Table IV
below: ‘
Table IV

Cone. by
weight (per-
cent) of 1:3
oil blend

Kin. vis.

Improving agent at 210° F.

=

None. oo
Reaction product I._
Resaction product i

Reaction product fiol
Reaction product IV_.
Reaction product V..

Reaction product VI,

W O
M N O
OO DI DD

=3

o

—~

OPERATION TEST

In addition to the foregoing tests, comparative
tests have also been made between an oil and oil
blends of the same oil containing representative
improving agents of the type contemplated here-
in to determine the comparative behavior of the
unblended oil and of the improved oils under
actual operating conditions. The test was car-
ried out in a single cylinder C. F. R. engine op-
erated continuously over a time interval of 28
hours with a cooling medium held at a temper-
ature of about 390° F. and the oil temperature
held at about 150° F. The engine was operated
‘at a speed of 1200 R. P. M.

The oil used in these tests was a motor oil of
120 seconds Saybolt viscosity at 210° F. and the
conditions observed therein were: (@) the extent
to which the piston rings were stuck; (b) the ex-
tent to which the slots in the oil rings were filled
with deposit; (¢) the amount of carbonaceous-de-
posits in the oil; and (d) the acidity or neutrali-
zation number (N. N.) of the oil. The results
obtained in this test are set forth in Table V

8 pelow:
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Table ¥
Ring condition
R o Slots | Carb '
welght (per- . o arbon
Improving agent cont) of 1:3 Degrees stuck fllled deposits | N- N.
. oil blend .
12|24 |86|3|4]s

None.. 01360360 |360{360 (360 (60|70 70 14,0 2.4
Reaction product I... 4 0 0 0 0] 05 0] 0 4.7 1.6
Reaction product IX.. 4 1160 0 0 0] 0{0f 0] o0 4.8 L7
Reaction produet ITT. 41270 [ 0 0L 0] ol ofo 5.4 L8
Reaction product IV.. 4| 120 0 0 01 0| 5|1 0} °0 5.7 1.8
Reaction product Voooceoooo__.oo. 4f 0 0| Of-olofl 5| o0f o 6.4 L8
Reaction produet VI..._..o. o ... 4(180| o| 0 0j 06|l o0l o0} o 7.4 0.9

The amount of improving agent used may be -

varied depending upon the character of the oil
with which it is blended and the proportions de-
sired in the final oil composition. The improv-
ing agents of the type contemplated herein may
be used in amounts ranging from about % per
cent to about 8 per cent.

I is to be understood that while the preferred
procedures which may be followed for the prep-
" aration of the reaction products contemplated

herein are described hereinabove and various rep-

resentative constituents in these improving agents
_ have been referred to, such procedures and con-
" stituents have been used for illustrative purposes
only. The invention, therefore, is not to be con-
sidered as limited by the specific examples given
but includes within its scope such changes and
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modifications as falrly come within the spirit of

the appended claims.

We claim:

i. An improved mineral oil composition com-
prising. a mineral oil fraction having in admix-
ture therewith a minor proportion, sufiicient to
impart improvement to said mineral oil frac-
tion, of an oil-soluble, phosphorus- and sulfur-
containing reaction product obtained by react-
ing & phosphorus sulfide and an amide of an
alkyl-substituted aromatic carboxylic acid.

2. An improved mineral oil composition com-
prising & mineral oil fraction having in admix-
ture therewith a minor proportion, from about
%, per cent to about 8 per cent, of an oil-sol-

. uble, phosphorus- and sulfur- containing reac-.
tion product obtained by reacting a phosphorus
sulfide and an amide of an alkyl-substituted aro-
matic carboxylic acid. '

3. An improved mineral oil composition com-
prising a mineral oil fraction having in admix-
ture therewith a minor proportion, sufficient to
impart improvement to said mineral oil frac-
tion, of an oil-soluble, phosphorus- and sulfur-
containing reaction product obtained by reacting
a phosphorus sulfide and an amide of an alkyl-~
substituted aromatic carboxylic acid, said alkyl
substituent containing at least about twenty car-
‘bon atoms.

4. An improved mineral oil composition com-
prising a mineral oil fraction having in admix-
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reacting a bhosphorus sulfide and an amide of
an alkyl-substituted aromatic carboxylic ' acid,’
followed by substituting the phosphorus- and
sulfur- containing phosphorus sulfide-amide re- )
action product thus obtained with metal.’

6. An improved mineral oil composition com-
prising a mineral oil fractlon having in admix-.
ture therewith a minor proportion, sufficient to
impart improvement to said mineral oil frac-
tion, of an oil-soluble, phosphorus- and sulfur-
containing reaction product obtained by reacting
phosphorus .pentasuifide and an amide of an
alkyl-substituted aromatic carboxylic acid.

7. An improved mineral oil composition com-
prising a mineral oil fraction having in admix-
ture therewith a minor proportion, sufficient to
impart improvement to said mineral oil frac-
tion, of an oil-soluble, phosphorus. and sulfur-
containing reaction product cbtained by react-
ing phosphorus pentasulfide and an amide of an
alkyl-substituted hydroxy-aromatic carboxylic
acid.

8. An _improved mineral oil composition com- .
prising: a mineral oil fraction having in admix-
ture therewith a minor proportion, sufficient to
impart improvement to sald mineral oil frac-
tion, of an oil-soluble, metal-, phosphorus- and

. sulfur+ containing reaction produet obtained by
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first reacting phosphorus pentasulfide and an
amide of an alkyl-substituted hydroxy-aromatic
carboxylic acid, followed by substituting the
phosphorus- and sulfur- containing phésphorus

" pentasulfide-amide reaction product obtained in
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. ture therewith a minor proportion, sufficient to

impart improvement to said mineral oil frac-
. tion, of an oil-soluble, phosphorus- and sulfur-
. containing reaction product obtained by react-

ing a phosphorus sulfide and an amide of a wax- °

substituted aromatic carboxylic acid.

5. 'An improved mineral oil composition com-
prising a mineral oil fraction having in admix-
ture therewith a minor proportion, sufficient to
impart improvement to said .mineral oil frac-
tion, of an oil-soluble, metal-, phosphorus-. and
sulfur- containing reaction product obtaineg by
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the first reaction with metal. ‘

8. An improved mineral oil composition com-
prising a mineral cil fraction having in admix-
ture therewith a minor proportion, sufficient to
impart improvement to szid mineral oil frac-
tion, of an oil-soluble, phosphorus- and sulfur-
containing reaction product obtained by reacting
substantially one mol of phosphorus pentasul-
fide and two mols of an amide of an alkyl-substi-
tuted hydroxyaromatic carbogylic acid.

10. An improved mineral oil composition com-
prising a mineral oil fraction having in admix-
-ture therewith a minor proportion, sufficient to
impart improvement to said mineral oil frac-
tion, of an ojl-soluble, phosphorus- and sulfur-
containing reaction -product obtained by react-
ing substantially one mol of phosphorus penta- )
sulfide and four mols of an amide of an alkyl-
substituted hydroxyaromatic carboxylic acid. -

11. An improved mineral oil composition com-
prising a mineral oil fraction having in admix-
ture therewith a minor proportion, sufficient to
‘impart improvement to said mineral oil frac-
tion,- of an oil-soluble, phosphorus- and sulfur- -
containing reaction product obtained by react-
ing substantially one mol of phosphorus penta-
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sulfide and four mols of an alkyl- and phosphoryl-
substituted benzamide.

12, An improved mineral oil composition com-
- prising a mineral oil fraction having in admix-
ture therewith a minor proportion, sufficient to
impart improvement to said mineral oil frac-
tion, of an oil-soluble, barium-, phosphorus- and
sulfur- containing reaction product obtained by
first reacting substantially one mol of phosphorus
pentasulfide and four mols of an alkyl- and phos-
phoryl-substituted benzamide, followed by sub-
stituting the phosphorus- and sulfur- containing
reaction product obtained in the first rea.ction
with barium.

13. An improved mmeral oil comp051t10n com-
prising a mineral oil fraction having in admix-
ture therewith a minor proportion, sufficient to
impart improvement to said mineral oil frac-
tion, of an oil-soluble, zinc-, phosphorus- and
sulfur- containing reaction product obtained by
first reacting substantially one mol of phosphorus
pentasulfide and four mols of an alkyl- and phos-
phoryl-substituted benzamide, followed by sub-
stituting the phosphorus- and sulfur- containing
reaction product obtained in the first reaction
with zine.

14. An improved mineral oil composﬂ;lon com-
prising a mineral oil fraction having in admixture
therewith & minor proportion, sufficient to im-
. part improvement to said mineral oil fraction,

of an intimate mixture of oil-soluble phosphorus-
and sulfur- containing reaction products ob-
tained by reacting a phosphorus sulfide and an
_ amide of an alkyl-substituted aromatic carboxylic
acid, said reaction products differing from each
other with respect to the nature of said alkyl
substituents which are comprised essentially of
aliphatic hydrocarbon groups corresponding sub-

'stantially to the different aliphatic hyd.mca.rbons,

contained in parafiin wax.
15. An improved mineral oil composition com-
prising a mineral oil fraction having in admix-
ture therewith a minor proportion, sufficient to
impart improvement to said mineral oil frac-
tion, of an intimate mixture of oil-soluble, metal-,
phosphorus- and sulfur- containing reaction
products obtained by reacting a phosphorus sul-
fide and an amide of an alkyl-substituted aro-
matic carboxylic -acid, followed by substituting
the phosphorus- and sulfur- containing phos-
phorus sulfide~amide reaction product obtained
~in the first reaction with metal, said reaction

products differing from each other with respect
" to the nature of said alkyl substituents which are
comprised essentially of- aliphatic hydrocarbon
groups corresponding substantially to the differ-
ent aliphatic hydrocarbons contamed in paramn
wax.

16. An improved mineral oil composxtion com-
prising a mineral oil fraction having in admixture
‘therewith a minor proportion, sufficient to impart
improvement to said mineral oil fraction, of an
intimate mixture of oil-soluble, phosphorus- and
sulfur- containing reaction products obtained by
reacting substantially one mol of phosphorus
pentasulfide and two mols of an amide of an
alkyl-substituted hydroxyaromatic
acid, sald reaction products differing from each
. other with respect to the nature of said alkyl sub-
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stituents which are comprised essentially of ali-
pvhatic hydrocarbon groups corresponding sub-
stantially to the different aliphatic hydrocarbons
contained in parafiin wax.

17. An improved mineral oil composition com-
prising a mineral cil fraction having in admixture
therewith a minor proportion, sufiicient to im-
part improvement to said mineral oil fraction, of
an intimate mixture of oil-soluble, phosphorus-
and sulfur- containing reaction products ob-
tained by reacting substantially one mol of phos-
phorus pentasulfide and four mols of an amide
of an alkyl-substituted hydroxyaromatic car-

- boxylic acid, said reaction products differing from
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each other with respect to the nature of said alkyl
substituents which are comprised essentially of
alipbatic hydrocarbon groups corresponding sub-
stantially to the different aliphatic hydrocarbons
contained in paraffin wax.

18. As a new composition of matter, & phos-
phorus- and sulfur- containing reaction product
obtained by reacting a phosphorus sulfide and an
amide of an alkyl-substituted aromatic car-
boxylic acid.

" 19. As & new composition of matter, s metal-,
phosphorus- and sulfur- containing reaction
product obtained by first reacting a phosphorus
sulfide and an amide of an alkyl-substituted aro-
matic carboxylic acid, followed by substituting
the phosphorus- and sulfur- containing phos-
phorus sulfide- amide reaction product obtained
in the first reaction with metal. .

20. An improved mineral oil composition com-
prising .a mineral oil fraction having in admix-
ture therewith a minor proportion, sufficient to
impart improvement to said minersal oil fraction,
of an oil-soluble, phosphorus- and sulfur- con-
taining remction product obtained by reacting
phosphorus pentasulfide .and an amide of an
alkyl- and phosphoryl- substituted aromatic car-

- boxylic acid.

- 21. An improved mineral oil composition com-
prising a mineral oil fraction having in admix-
ture therewith a minor proportion, sufficient to

5 impart improvement to said mineral oil fraction,

of an oil-soluble, metal-, phosphorus- and sulfur-
containing reaction product obtained by first re-
acting phosphorus pentasulfide and an amide of
an alkyl- and phosphoryl- substituted aromatic
carboxylic acid, followed by substituting the
phosphorus- and sulfur- containing phosphorus
pentasulfide-amide reaction product cbtained in
the first reaction with metal.

22. As s new composition of matter, a phos-

5 bhorus- and sulfur- containing reaction product

- obtained by reacting phosphorus pentasulfide and
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carboxylic -

-phosphorus-

an amide of an alkyl- and phosphoryl- substi-
tuted aromatic carboxylic acid.

23. As a new composition of matter a metal-,
and sulfur- contammg reaction
product obtained by first reacting phosphorus
pentasulfide and an amide of an alkyl- and phos-
phoryl- substituted aromatic carboxylic acid, fol-
lowed by substituting the phosphorus- and sul-

‘fur- containing phosphorus pentasulfide-amide
-reaction product obtained in the first reaction

with metal. .
CRLAND M. REIFF.
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