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This invention relates to addition agents and
mineral oil lubricant compositions containing the
same and, more particularly, it is concerned with
improvement agents which confer improved anti-
oxidant, corrosion-inhibiting and detergency
properties on mineral oil lubricants.

It is recognized in the art that mineral oil
lubricants are readily oxidized under service con-
ditions thereby reducing the service life of in-
ternal combustion engines and steam turbines.
A concomitant effect is corrosion of bearing sur-
faces. These problems become particularly acute
when a highly refined paraffinic base mineral oil
is employed as the lubricant.

In the lubrication of internal combustion en-
gines of all types, particularly when severe oper-
ating conditions are encountered, mineral lubri-
cating oils frequently prove unsatisfactory be-
_cause they tend to deposit varnish, gum and

sludge on the engine surfaces, such as the cyl-
inder walls, pistons and rings, and also to induce
corrosion of bearing materials thereby causing
- failure of the engine. These problems have be-~
come increasingly serious because of the trend
toward higher efficiency or higher power output
per unit weight of engine, which results in con-
ditions tending to accelerate the -deteriorating
influences on the mineral oil lubricant. The
formation of so-called varnishes and sludges on
engine surfaces is a result of oxidation effects
on the lubricating oils. The presence of gums,
varnishes and sludges is detrimental for many
reasons. These substances tend to increase ring
sticking and accelerate the formation of further
deposits on piston surfaces and in fixed parts
of the combustion chamber.- The sludges formed
in the crankcase of the engine increase the rate
of corrosion of bearing surfaces, especially of
bearing alloys of the types now in use.

In steam turbines, the corrosion problem is
particularly acute because of the presence of
water in the mineral oil lubricant and in addi-
tion to bearing corrosion, rusting may. also be
encountered.

It is an object of this invention, therefore to
prepare an improvement agent which will obviate
the oxidation and corrosion difficuliies en-
countered in the use of mineral oil lubricants.

Tt is a further object of this invention to pro-
vide improved mineral oil lubricant compositions
which are stable in storage and use and in which
oxidation and corrosmn effects are materially in-
- hibited. ‘

In our copending apphcatlon Serial No. 718 902,
filed’ December 27, 1946, there is dlsclosed and
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claimed an addition agent for mineral oil Iubri-
cants which confers excellent antioxidant, cor-
rosion-inhibiting and- pressure-carrying  proper-
ties on mineral oil lubricants. :Such improve-
ment agent is prepared by heating an essentially
paraffinic ‘base lubricating: oil with aluminum
chloride, removing aluminum chloride from the
reaction product and reacting said product with
phosphorus pentasulfide at an elevated tempera~
ture. to - incorporate phosphorus and sulfur

therein. . : ’ :

In our copending application Serial No. 736,618,
filed March 24, 1947, now U:. S. Patent No.
2,456,336, there is- disclosed and claimed an im-
provement agent-for mineral oil lubricants which
is prepared by heating an essentially paraffinic
base lubricating- oil with phosphorus  penta~
sulfide in the presence of a surface active silica-
containing solid catalyst. It is shown in that
application that-when phosphorus pentasulfide
is reacted lwith ‘an essentially paraffinic base
lubricating oil in the presence of a surface active
silica-containing solid catalyst, the prior alumi-
num chloride treatment of the lubricating oil as
disclosed -in our application Serial No. 718,902
may. be omitted. It is also shown in our latter
filed application that when the prior aluminum
chloride treatment of the paraffinic base lubri-
cating oil is combined with reaction of the alu-
minum chloride treated product with phosphorus
pentasulfide in the presence of a surface active
silica-containing catalyst, 11ghter colored prod-
ucts are obtained.

The objects of the present invention are -ac-
complished by providing improvement agents for
mineral oil lubricants by reacting an essentially
parafinic base lubricating oil or the aluminum -
chloride treated product thereof with phosphorus
pentasulfide, through - the use of any of the
methods disclosed in our copending-applications
Serial Nos. 718,902 and 736,618, now U. 8. Patent
No. 2,456,336, and with an alkylated phenyl phos-
phite prepared in accordance with U..S. Patent
2,253,227 to Cantrell and Turner. Such improve-
ment agents, as well as the mineral oil lubricant
compositions containing them, are believed to be
novel and are considered parts.of our invention.
© The present invention may be regarded as-an
improvément over.the inventions disclosed in our
above-identified copending ‘applications. - While
the addition agents.disclosed therein confer ex-
cellent antioxidant, corrosmn-mhlbltmg and
pressure-cartying properties on- mineral-oil lubri-
cants, they sometimes fail to pass-the well known»
Copper. Strip Test (Method 530 31, Federal Speci-‘-




3 .
fication VV-I~-791c, May 12, 1945, page 259) thus
indicating the presence of elementary sulfur or
. the so-called “corrosive” sulfur. While we do
not wish to be bound by any theory as to the
_exact nature of the phosphorus pentasulfide re-
action products with an essentially paraffinic

base lubricating oil, it is our present belief that .
either elementary sulfur or incompletely bound.

sulfur or both are formed in the reaction. ' In
. accordance with the present invention, such ele-

mentary or incompletely bound sulfur is “neu-
tralized” or “accepted” by combination with the
alkylated phenyl phosphite added in the prepara-
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tion of the phosphorus pentasulfide reaction -

product.

It is still necessary for the purposes of the
present invention to employ an essentially paraf-
finic base lubricating oil as the initial material,
because other hydrocarbon materials produce a
black, sludge-like, difficultly soluble product re-
gardless of whether the prior aluminum chloride
treatment or reaction in the presence of a sur-
face active silicg-containing solid catalyst are
employed. The reasons' for the advantageous
effects of the prior aluminum chloride treatment
or- of the. surface active silica-containing solid
catalyst on the reaction when an essentially
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parafliinic base lubricating oil is employed are -

not fully understoed.  However, the use of at
least one of these methods is essential for the
practice of our invention since, if the prior alu-
minum chloride treatment or the use of a surface
active silica-containing catalyst is omitted, the
advantageous results of our invention are not
obtained. In order to obtain the results of our
invention, therefore, it is necessary (1) to employ
an essentially paraffinic base lubricating oil, and
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" (2) to conduct the reaction of the oil and alkyl- -

ated phenyl phosphite with phosphorus penta-
sulfide only after aluminum chloride has been
reacted: with the oil and/or the reaction with
phosphorus pentasulfide is conducted in the
presence of a- surface active silica-containing
solid. catalyst. e -
The essentially parafiiniic' base lubricating oil
used as a starfing material in accordance with
our-invention may be derived from any paraffinic
crude, such as Pennsylvania, Mid-Continent, or
other paraffinic base crudes. The lubricating oil
is manufactured from such crudes in accordance
- with conventional methods and may be refined in
accordance with methods known in the art. If
it is desired to treat the essentially parafiinic
base lubricating oil with aluminum chloride,
such -treatment is accomplished as described
in our copending -application, Serial No. 718,902,
‘Briefly, such treatment comprises heating the
essentially paraffinic base -lubricating oil with
 from 1 to 20 per cent by weight of anhydrous
aluminum chloride at a temperature of from
150° to 300° ¥. while the mixture is vigorously
agitated. The time of treatment may vary in
accordance with the amount of aluminum chlo-
ride used and the temperature of treatment,
. longer times being required with less aluminum
chloride and lower temperatures. In general, the
treatment will be completed after four or five
hours. After the treatment is completed, agita~
tion is stopped and the’ sludge containing most
of the aluminum chloride settles out from the
main body of the oil and is drawn off. The
supernatant body of the treated oil may contain
further quantities of aluminum chloride finely
dispersed therethrough, and in order to insure
the removal of all aluminum chloride from the
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treated oil, agitation with an adsorbent clay fol-
lowed by filiration may be employed. At the
higher temperatures of treatment with aluminum
chloride some conversion of ‘the paraffinic base

‘oil to lower boiling products may ‘take place.

Although such conversion is slight, the product
may be topped if desired, that is, distilled to
remove the lower boiling products overhead and
to recover as a-residue the bulk of the aluminum
chloride treated oil having a minimum initial
boiling point in the range 490° to 530° F.

The essentially parafiinic base Iubricating oil
treated with aluminum  chloride as disclosed
hereinabove may then be reacted with the alkyl- -
ated phenyl phosphite and phosphorus penta-
sulfide.  This may be accomplished either by
reacting with phosphorus pentasulfide per se, as
disclosed in our pending application Serial No.
718,902, or in the presence of a surface active
silica-containing solid catalyst as disclosed in our
copending application, Serial No. 736,618, now
U. S. Patent No. 2,456,336. :

If 1t is desired to react the aluminum chloride
treated oil and the alkylated phenyl phosphite
with phosphorus pentasulfide per se, this reac-
tion is accomplishied by adding from 2-to 20 per
cent by weight of P2Ss on the mixture of oil and
phosphite, preferably 5 to 10 per eent, and heat-
ing with agitation at a minimum reaction tem-
perature of 450° F. and a maximum reaction
temperature below the temperature where crack-
ing -of the oil begins. Hydrogen sulfide is
evolved and when the evolution of hydrogen sul-
fide has nearly ceased, the temperature of the
reaction mixture may be increased within the
maximum temperature disclosed ahove, say to
about 500° ¥. for the completion of the reaction.

If desired, the aluminum- chloride treated
parafiinic base lubricating oil and the alkylated
phenyl phosphite may be reacted with phospho~
rus pentasulfide in the presence of a_surface
active silica-containing catalyst; or, the prior
aluminum chloride treatment may be omitted
and the essentially paraffinic base lubricating oil
and- alkylated phenyl phosphite-may be reacted
with phosphorus pentasulfide in the presence of
a_surface active silica-containing solid catalyst. -
The reaction of the essentially paraffinic' base
lubricating oil and alkylated phenyl phosphite,
whether or not pretreated with aluminum echlo-
ride, with phosphorus pentasulfide in the pres-
ence of a surface active silica~containing solid
catalyst is accomplished by adding 2 to 20 per
cent by weight of PaSs, preferably from 5 to 10
per cent, to the mixture.of essentially paraffinic
base lubricating oil and alkylated: phenyl phos-
phite and heating with agitation at a tempera-
ture in the range from 300> F. to & maximum
temperature below the temperature where crack-
ing-of the oil, that is, pyrolytic decomposition of
the oil, begins. - Generally the minimum erack-
ing temperature of the oil varies between 490° to
530° F., depending upon the particular oil used.
The surface-active silica-containing. solid cata-
lyst-is employed in amounts of from 2 to 25 per
cent by weight of the reaction mixture. charged
and preferably in an amount of 10 per cent by
welght. Larger amounts than 10 per-cent are
ordinarily not ne¢essary, but Jarger -amounts will
produce a product having a.lighter color: Dup-
ing the course of the reaction hydrogen ‘sulfide
is evelved and the phosphorus and sulfur become:
incorporated in the reaction. product: When. the
evolution of hydrogen sulfide has nearly ceased;.
the temperature of the reaction mikture may be



2,603,601

5

increased within the maximum temperature men-
tioned above, say to about 500° F., for completion

of the reaction. The mixture is then filtered to
remove the catalyst.

The surface active silica-containing solid cata-

lyst_s,may comprise activated clays, silica~alumi-
na cracking catalysts and the like. Thus, acti-
vated clays, that is, natural clays such as ben-~

tonite, smectite, floridin, fuller’s earth and the

like which have been treated with acid, such.as
are described in U. S. Patent No. 1,898,165, for
example, may be advantageously employed.
Synthetic silica-alumina catalysts of the type
used for the eracking of hydrocarbon oils, exam-
ples of which-are described in U. S. Patent No.
2,078,945 and U. 8. Patent No. 2,283,173, may also
be employed. Activated silica gel is also suitable.
As my be seen, the term “surface active-silica~
containing solid catalyst” comprises a wide vari-
ety.of materials, the predominant characteristic
of which is the presence of silica in a surface
active, that is, activated form.

In accordance with the present invention, an .

alkylated phenyl phosphite is admixed with the
essentially paraffinic base lubricating oil and the
mixgture reacted with phosphorus pentasulfide as
disclosed . hereinabove; or. the alkylated phenyl
phosphite ‘may be added to the mixture of the
phosphorus pentasulfide and the essentially par-
affinic base lubricating oil during the reaction
after the evolution of hydrogen sulfide has sub-
stantially ceased, but prior to completion of the
reaction. The alkylated phenyl phosphite is or-
dinarily added in proportions ranging from 10 to
75 per cent by weight of its mixture with the par-
affinic base lubricating oil, sufficient to remove
free or “corrosive” sulfur in the phosphorus pen-
tasulfide reaction product. Ordinarily not more
than 50 per cent of the alkylated phenyl phos-
phite is sufficient for most purposes.

The alkylated phenyl phosphite used in our
invention is prepared in accordance with U. S.
Patent 2,253,227 from phosphorus trichloride
and an alkylated phenol. As disclosed in said
patent the alkylated phenols from which the al-
kylated pheny! phosphites are prepared are
water-insoluble branched chain alkyl phenols
having from 4 to 8 carbon atoms in an alkyl
group. These alkylated phenols, in turn, are
conveniently prepared. by alkylating a simple
phenol, such as phenol itself, the cresols or
xylenols,
of concentrated sulfuric dcid as a catalyst in
accordance with U. S. Patent 2,149,759 to Can-
trell. - Olefins such as butene-1, isobutylene, the
amylenes (or mixtures of the preceding in re-
finery gas) and diisobutylene may be employed
to produce the alkylated phenol. It is preferred
to employ diisobutylene for the alkylation of the
phenol since the resulting octyl (diisobutyl)
phenol is primarily para-(alpha, alpha, gamma,
gamma) tetramethylbutyl phenol. The phenols
may be employed either singly or as 2 mixture.

Representative alkyl phenols which may be em-’

ployed to prepare the alkylated phenyl phosphite

with a suitable olefin in the presence
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used in accordance with our invention include: .

4-tertiary-butyl phenol
2-tertiary-butyl, 4-sec-butyl phenol
9,4-di-tertiary-butyl phenol
9,6-di-tertiary-butyl phenol
9.4 6-tri-tertiary-butyl phenol
2,6-di-tertiary-butyl, 4-sec-butyl phenol
_9,6-di-tertiary-butyl, 4-methyl phenol

4 ,6-di-tertiary-butyl, 2-methyl phenol

70
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6
a-tertiary-butyl-4,6-dimethyl phenol
2-tertiary-amyl-4,6-dimethyl phenol
2,4,6-tri-tertiary-amyl phenol’ i
9-tertiary-butyl-4,6-di-tertiary-amyl phenol

diisobutyl phenol

The alkylated phenols are reacted with such
an amount of phosphorus trichloride, in accord-
ance with U. S. Patent 2,253,227, that the result-
ing alkylated phenyl phosphite contains from
1 to 5 per cent by weight of combined phosphorus;
i. e., when working with an alkylated phenol hav-
ing from 4 to 8 carbon atoms in a branched chain
alkyl group, the amount of phosphorus trichlo-
ride ranges from 5 to 30 per cent of the alkylated
phenol. “Such phosphites may therefore be de-
fined as alkylated phenyl phosphites having from
4 to 8 carbon atoms in a branched chain alkyl
ghoup and containing from 1 to 5 per cent by
weight of combined phosphorus. .

The following examples illustrate the prepara-
tion of our new improvement agents.

Ea:amplg I
Into a reaction vessel, there were placed 50

-parts by weight of an essentially paraffinic base

lubricating oil, which had been treated with
aluminum chloride in accordance with . our
copending application Serial No. 718,902, and 50
parts by weight of an octyl (paratetramethyl-
butyl) phenyl phosphite. Then 12.5- parts by
weight of phosphorus peéntasulfide were added
thereto. The mixture was agitated and heated
to 490° . in the course of one hour. After about -
2 hours at this temperature, the evolution of
hydrogen sulfide -had substantially subsided.
The temperature of the reaction mass was then
raised to 520° F., and the mass agitated at this
temperature for about 6 hours. The mixture
was then cooled. The product had the following
properties:

Gravity, “APT e 84
Sulfur, per cent .o 4.6
Phosphorus, per cent —_ 438
Neutralization No. __. —

_-10-1
Ea:qmple II :

Into a reaction -vessel, there were placed 45
parts by weight of an essentially parafiinic base
lubricating oil. which had been treated with
aluminum chloride in  accordance with our
copending application Serial No. 718,902, and
50 parts by weight of ‘an octyl (paratetramethyl-
butyl) phenyl phosphite. Then 5 parts by weight
of. phosphorus pentasulfide were added thereto
and the mixture agitated and heated to 480° F.
in the course of one hour. The mixture was
held at this temperature for 2 hours, and then
the temperature was raised to 520° F. and held
there for 6 hours. - 'The product was then cooled
and had the following properties:

Gravity, AP o i 15
Viscosity, SUV 210° P, o 133.3
Color, NPA e i 2.5
Phosphorus, per cent e 3.28
Sulfur, per cent .. - 3.0
Neutralization NO. oo 114

Example I1T

An additive was prepared in accordance with
the procedure of Example I by reacting 37.5 parts
by weight of an aluminum chloride treated es-
sentially paraffinic base lubricating oil and 50
parts by weight of an octyl phenyl phosphite with
12.5 parts by weight of phosphorus pentasulfide.
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The additive ‘thus' prepared had the following  Phosphoius, per cent Sl 39
properties: - oo o T e Neutralization No. __________________._ . __ 6.0
Gravity, °APT .__. Sl R 9% Ezample VII
is i 10° — 1 : R
nglggSIIE%;.’, AS OV 2107 F. e 45‘0 5 An additive’ was prepared in accordance with
Sulfur. per cent - .. N ~ 669 the procedure of Example I by reacting 37.5 parts
oo B i B N S 6 by weight of an aluminum chloride treated
Phosphorus, pereent Z__...__ .. ~m-n 4.63 SN L " <
Neutralization No o ~__'898.97 paraflinic base lubricating oil, 50 parts by weight
: R DS of an octyl phenyl phosphite and 12.5 parts by
: . Example IV - - 10 weight of phosphorus pentasulfide, in the pres-
~An additive  was prepared in accordanhce with  ence of 10% activated clay. The additive thus
the procedure of Example I by reacting 81 parts prepared had the following properties:
by weight of an aluminum chloride treated es- Gravity, °APT ..o 9.4
sentially parafiinie base lubricating oil and 10 vigeosity, SUV 210° B e e 421
parts by weight of an octyl phenyl phosphite with 15 oojor, Npa 77T 1.0
9-parts by weight- of ~phosphorus pentasulfide. Sulfur, per eent ____________ . __________ 3.7
The “additive thus prepared had the following Phosphorus, pereent - __._._______________ 4.0
properties: B ) : : Neutralization No. _________._________ —_- 37,
%@amtf{’ cggé S10° I T ggg 20 The reaction products obtained in accordance
CISICOS‘N% S A T 55  With the preceding examples are excellent im-
oltf)r’ Pl e L LR L 30  Drovement agents for mineral oil lubricant com-
Sﬁ ‘urﬁ ber cens P b vositions. They are light colored and readily
Pr OSD,~1?§UE{ pe]i* COIE  —toa it ‘13,0 __ soluble in all types of mineral oils, that is paraf-
Neutralization. No. _oorommmemtemenemme=== 220 95 finie, naphthenic or mixed base mineral ofls and,
T ST Erample V. : as a matter of fact, can be blended with mineral
“An additive was preparéd in accordanee with olls in px:opgrtloPs as .hlgh as 50 per c.e.nt oy
. - St - : weight or higher. This excellent solubility of
the procedure of Example I by reacting 68.4 parts our new improvement agents enables the prep-
Ry weight -of ‘an aluminum chloride. treated es- : " . .
Y St o : ~y- aration of concentrated solutions, which may
sentially: paraflinic’ base. lubricating oil and 25 35n & o ; ]
g B S e - 2 i ; then be diluted down to the proportion desired
parts by weight.of -an octyl phenyl phosphite wﬂgh . . X 1 o : >
gl oy . in the final mineral oil lubricant composition.
8.6 parts. by  weight of phosphorus pentasulfide. As stated, our new improvement agents confer
The' additive had the following properties: = . - Our hiew imp v agenus conle
A : = . ‘ excellent antioxidant and  cerrosion-inhibiting
Gravity, °APT ___.__.____.__ - 17.3 g5 Properties on the mineral lubricating oils with
Viseosity, SUV210° F: - - --- 1053 which they are incorporated, and are charac-
Color, NPA oo ooilziic il . 3.25 terized by a high degree of potency at high tem-
Sulfur, per cent woooJoiio o oo - 3.0 beratures. For these purposes, our new improve-
Phosphorus, per cent™—.o.ooi .o 3.1 ment agents are generally added to mineral oils
Neutralization No. —..__.___________..__ 120 in minor amounts, say from 0.1 to 20 per cent by
Example VI _ " weight of mineral ofl, sufficient to confer im-
Into o reaction vssel were ploced 3 pastg by DIOVOC, amfoxitent und . comosion-atibiting
‘welght-of & solvent refined paraffinic base Tubri- which they are incorperated. Lubricating oils
cating.oil which had net-been treated with alumi- containing . our - neW. IMErevemin: oL
. ; : < provement - agents suc-
num chioride and 50 parts by weight of an octyl 45 cessfully pass the Copper Strip Test
(paratetramethylbutyl) phenyl phosphite. ~ Ten The following examples illustrate the Use G
parts- by weight of detivated-clay and 12.5 parts our new improvement agents to obtain im
Lo ! oo v O AR Imps ) proved
by weight of phosphorus pentasulfide were added mineral oil lubricant compositions. '
and the mixture was heated and agitated at400> . R g "
P. - The mixture was held at this temperature for 50 ‘,Exa,mple VIIr 7
2 hours, and then:the temperature was raised A improved motor oil was prepared by blend-
to 520° F'. and held there for 6 hours: The mix- Ing 1 per cent by weight of the additive of Ex-
ture was then eooled. - The product had the fol- ample II with 99 per cent by weight of g solvent
lowing,properties: S : : L refined ‘paraffiriic motor oit (8. A. E. 30). A
Gravity, *APT .______ ... Tl 79 5% comparison of the: properties of the improved
Sulfur, per cent- ) S 3.8 Iubz*iqa;nt— ard- the ‘base ' lubricant follows:
“Unitiproved Improved
- Lubricant - - Lubricant
: © . Gravity: CAPT.______
R C L Visoshy, SUVS 10°F S %1
. e L - Viseosity Index_ .. 104. " 109
Flash,"0C: °F____ 455 470
 Sopnes Sertp et : 525 4.25
- -Lopper. Strl; a S e en . - jH SREs.
»Ox%;tion’ s?nd Bearing Corrosion. Test [ . p?,sses Dasses
"Method 257, Gulf: : : .
" Duration of Test: Hrs._____ 48 48
Oil Bath Temperature: °F _ - 347 347
-Quantity of Oil: ce_..__ . .. 800 | 300
Alr Rate: ec/hr....__.._ A e T2, 0000 s o 2,000
Bearing Type_.__________ - Cd-AG . Cu~Pb | . Cd-Ag. Gu-Pb
Wt. Change: Grams.______._ .~ 77" - —0-2040 - —0.3150 | 4-0: 0021 -£-0; 0623
yt.g?gg:: Per.Cent. . ~~7—;0:9(21%» =142 | " 0,01 10,81
Chevrolet, 86 Hour, Tnging Test GRe| - Pitted pitted | -bright- conted
‘Designation L—4: - - - -
" Engine Condition Rating.____. @ = sl 94
Bgalji.ng Loss: Mg./Who]ra Beargng_:,___: 541‘.,;. ) 54
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- Example I1X the improved motor lubricant and the base lubri-
An improved mator oil was prepared by blend- cant follows: .
Unimproved Improved
Lubricant Lubricant
Gravity: CAPL ... 28.1 28.3
Viseosity, SUV: 100°F .. 549 558
Viscosity Index - 104 102
Flash, 00:° F.....-. - 456 460
Color, NPA. 4.25 4.5
Copper Strip Test.- passes Passes
Nertralization NO v .o oooccamammaomcmmoe|femmemmm s cma e D 0.06
Oxidation and Bearing o
Method 257, Gulf: ’

Duration of Test:hr . e oan 48 43
0il Bath Temperature: ° F._ 347 347
Quantity of Oil: ¢ .- 300 ) 300
Air Rate: ce.fhr_... : 2,000 L. 2,000
Bearing Type.--.-. Cd-Ag Cu-Pb Cd-Ag Cu-Pb
‘Wt. Change: Grams.....- —0.2040 —0.3150 |. -+0.0023 -:0,0614
‘Wt. Change: Per Cept —0.93 —142| 40,01 --0.032
Appearance : pitted pitted | - bright  coated

Chevrolet; 36 Hr. Engine Test, CRC Desig- .

nation L—4:

Engine Condition Rating- .- -ceuvnn 75 95
Bearing Loss: Mg./Whole Bearing.._.. 541 26

v Ezample XI e
An improved motor oil was prepared by -blend-
ing 1 per cent by weight of the additive of Ex-
. ample V with 99 per cent by weight of an S, A, E.

ing 1 per cent by weight of the additive of Ex-
ample ITI with 99 per cent by weight of an B.AE o
30 motor oil. . A comparison of the properties of
the improved lubricant and.the base lubricant

follows: 30 motor oil.. A comparison of the properties
Unimproved Improved
Lubricant . YLubricant
Gravity °API. . 28.1 28.3
Viscosity, SUV: 100°F oo cmcamemeae 549 558
Viscosity Index. 104 102
Flash, 00: °F 455 460
QOolor, NPA 4,25 4.5
Copper Strip Test passes passes
Neutralization No - - 0.
Oxidation and Bearing Corrosion Test
Method 257, Gulf:
Duration of Test: hro-_.couee 48 43
0il Bath Temperature: °F 347 347
Quantity of Oil: cc...o-- 300 300
Alr Rate: ce./hr.. 2, 000 2,000
Bearing Type..---- Cd-Ag Cu-Pb Cd-Ag Cu-Pb
Wt. Change: Grams.. —0.2040 —0.3150 | -}-0.0019 --0.0599
'Wt. Change: Per Cent.. -0.93 —1.42 -+0.01 ~+0.31
A ppearance B pitted pitted bright coated
Chevrolet 36 Hr. Engine Test CRO Desig-_ )
nation X—4: K : : :
Engine Condition Ratinge:——wooneoool 75 92
Bearing Loss: Mg./Whole Bearing..-.- 541 74
Example X of the improved motor lubricant and the base
An improved motor oil was prepared by blend- lubricant follows:
. .Unimproved : - Improved
.. Lubricant. - Lubricant
- Gravity: °APL . 28.3
Viscosity, SUV:100° Foommovmmnmmcciennee 558
Viscosity Index 102
Flash, 0C: °F_. - 465
Color, NPA PR 4.5
Copper. Strip Test, R - passes
Neutralization NO oomoao oo tiiommaioo : ; 0.
Oxidation and . Bearing Corrosion Test
" “Method 257, Gulf: ° U
Duration-of Test: Hr. . .ooooooooiomn 48 - 48
0il Bath Temperature: °F.. - 347 347
Quantity of Oil: cc_-._- - 300 . .~.300
Air Rate: ce./hr_.- 2,000 | - . 2,000
Bearing Type..-- Cd-Ag Ou-Pb Cd-Ag  Cu-Pb
Wt. Change: Grams. —0.2040 —0.3151 | --0.0028 +-0.0587
... 'Wt. Change: Per Ceni ) —0. % —1.42 +0.01 = -+0.29
Appearance : : pitted  -pitted - bright - . coated
Chevrolet 36 Hr, Engine T'est, CRC Desig-"| © - * T P T
. nation L-4: e - ’
Engine Condition Rating. 75 93
Bearing Loss: Mg./Whole Bearing_-___ . 541 . ..87

Ecample KT -
*‘An improved motor oil was prepared by blend-
-ing 1 per cent by weight of .an additive, prepared

ing 1% by weight of - the ‘additive of Example
IV with 99 per cent-by weight of an. S. A, B
30 motor oil, A comparison of the properties of
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according’ to Example VI with 99 per cent by
weight of a solvent refined paraffinic motor oil
S. A. E. 30. The properties of the improved and

12
hour. At the end of 48 hours the loss of weight
and condition of the bearing shell are deter-
mined, the bearing shell being washed free of
oil and dried before weighing. When determin-

unimproved motor oils were as follows:

Improved Motor
0il

Unimproved Motor,
oil
Gravity: °API - 28.1
Viscosity, SUV: 100° - 549
Viscosity Index..._. & 104
Flash, OC: °F._. . 455
Color, NPA _______________________ i 4.25
Copper.8trip Test, 212°F,, 3 Br.__..____ — -passes
Oxidation: ‘and Bearing Corrosion Test
Method 257, Gulf: -
Duration of Test: Hr.._.._......._____ i 48 1
0Oil Bath Temperature: °F. 347
Quantity of Oil: e¢._..____. 300
Adr Rate: Ce./bhr_. g 2,000
Bearing Type..... 1 Cd-Ag Cu-Pb | Cd-Ag
‘Wt. Change: Grams.. —0.2040 —0.3150 | —0.042
‘Wt. Changes: Per C 1 —0.93 —0.42 1+ —0,02
Appearance i pitted ’br}gl;t

+0.752
+40.33
coated

. Ezample XIII

~ An'improved motor ofl was prepared by blend-
ing 1 per cent by weight of the additive, prepared
according to Example VII, with 99 per cent by

ing the effectiveness of -various improvement

agents, the usual procedure is to run a blank test
simultaneously with the oil composition being
tested, employing for that purpose a samplé of

Wejg_h.tO"f a _solvent reﬁned parafiinic motor 01]_ a5 the untreated oil. In thié test it iS advanté:geous

S. A, E. 30. - Comparison of the improved

: and un-
improved motor oils are as follows: :

to employ commereial ‘bearing shells. These
shells comprise a suitable metal backing faced

Unimproved Motor Improved Motor
Qil Oil .
Gravity: CAPI . _____.___ ... (281 | 28.3
Viscosity, SUV: 100°F ... .._ 540 560
Viscosity Index. ... oo 104 104 -
Flash, OC: °F 455 475
Color, NPA ... ...l ... 4.25 4.25
Copper Strip Test, 212° ¥F., 3 Hr___.____.__ passes passes
Oxidation and Bearing Corrosion Test
Method 257, Gulf: .

Durationof Test: hro._______._______. 48 48

Oil Bath Temperature:°F.___.__.._._._ 347 347

Quantity of Ofl: ee . _..____.__.__._._ 300 300

Rate: cc./Hr. 2, 000 2, 000

Bearing Type....-... Cd-Ag Cu-Pb | Cd-Ag Cu-Pb 7

Wt, Change: Grams. —0.2040 —0.3150 | 4-0,004 +0. 0323

‘Wt. Change: Per Cent.. —0.93 —1.44 | 40.03 <+0. 16

ADDeATANCe. . o seoem oo pitted pitted | bright coated

Exvample XIV 456 with the alloy bearing metal. In this way the

In order to determine the comparative im-
provement in properties obtained by using the
additive of the present invention, additives pre-
pared in accordance with the disclosures of
Serial No. 718,902, Serial No. 736,618, now U. S.
Patent No. 2,456,336, and the present invention
were subjected to the well known Copper
Strip Test. In each instance 1 part by weight
of the additive was compounded with 99 parts by
weight of a highly refined motor oil. 'The uncom-

pounded oil is included for purposes of compari~ .

50

actual bearing face is subjected to severe de-
terioration conditions. By comparison .of the re-
sults of such tests with actual service tests, we
have found them to be in substantial agreement
as to suitability of particular lubricants, ‘

The Chevrolet 36 Hour Engine Test referred
to above is an accepted standard test designed

_to deftermine the oxidation, bearing corrosion,

55

and detergency characteristics of engine crank
case oils designed for use under heavy duty
service conditions. In this procedure, the crank

son. -+ case lubricant is evaluated with respect to. its
Uncom- | Lubricant | Lubricant | Lubrieant
pounded of 8. N, -| -of 8. N. | of Present
Lubricant | 718,902 736,618 | Invention

Gravity: °APL. _____.______.___ 8.1 27.8 B2 7 »3

Viscosity, 8UV: 100°F - 549 544 8511 554

Oolor, NPA_..______ 4.25 4.50 4501 . 4.25

Copper Strip Test_..__..._.L...__ passes | tarnished | tarnished.| . ' passes

The “Oxidation and: Bearing Corrosion Test, . -

Method 257 Gulf” referred to in the foregoing:
examples Is conducted as follows:
ing shell of certain commonly used standard di-
mensions is surmerged in 300 cc. of the oil or oil
composition to be tested in a 400 cc. Pyrex beaker
and heated in a thermostatic oil bath to 347° .
Alr is then bubbled through the oil in contact

An alloy bear-- -

with the bearing shell at a rate of 2000 cc. per 75

- -stability or resistance to oxidation, bearing cor-

,r,osign and the deposition of contaminants re-
sulting from- decomposition and oxidation or

70 other changes that occur in the lubricant in

service. The procedure involves the intermittent
operation of a special 6-cylinder automotive test
engine at constant speed and load for a total
of 36 hours subsequent to a run-in period of 8
hours at graduated speeds ‘and loads. Prior to
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each test a complete set of new piston rings is
installed and two new weighed copper-lead test
bearings are installed in symmetrical location.
Performance of the test oil is judged by exami-
nation of the power section of the. engine: for
deposits and. by ascertaining the .weight loss
of ‘the test bearings. The detergency character-
istics are expressed as “Engine Condition Rat-
ing” and indicate the freedom from engine de-
posits expressed in per cent, the larger the per
cent (approaching 100 as a limit) the cleaner
the engine. The amount of bearing corrosion
is indicated as “Bearing Loss” and is expressed
in milligrams loss in weight of the standard
" bearing. : : :

As shown in the above examples, the addition
of our new improvement agents to mineral oil
lubricant compositions confers excellent deter-

2,603,601
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gency, antioxidant and corrosion-inhibiting prop~ . .

erties. At the same time the compositions so
obtained are stable in storage and use and have
a color which is substantially unaffected by the
addition of the improvement agent. The lubri-
cants obtained pass the Copper Strip Test.
While we have shown in the examples the

preparation of compounded lubricating oils, our -

invention is not limited thereto but comprises

20

25

all mineral oil lubricant compositions contain- .

ing our new improvement agents, such as
greases and the like, Furthermore, conventional
addition agents stich as viscosity index improvers,
pour point depressants, anti-foam agents and the

30

like may be added without departing from the .

spirit of the invention.

What we claim is:

i. The process of preparing an improvement
agent for mineral oil lubricants which comprises
heating an essentially paraffinic base lubricating
oil with anhydrous aluminum chloride at a tem-
perature of from 150° to 300° F., removing alumi-
num chloride from the reaction product, and
reacting said product and from 10 to 75 per cent
by weight of its mixture with said product of an
‘alkylated phenyl phosphite with phosphorus pen-
tasulfide at an elevated temperature not below
300° F. and not in excess of the minimum crack-
ing temperature of said product to incorporate
phosphorus and sulfur therein.

9. The process of preparing an improvement
agent for mineral oil lubricants which comprises
heating an essentially paraffinic base lubricating
oil with anhydrous aluminum chloride at 2
temperature of from 150° to 300° F., removing
aluminum- chloride from the reaction product,
and reacting said product and from 10 to 75 per
cent by weight of its mixture with said product
of an alkylated phenyl phosphite with phosphorus
pentasulfide at a temperature of from 450° . to

a maximum temperature below. the minimum

eracking temperature of said product to incor-
porate phosphorus and sulfur therein.

3. The process of preparing an improvement
agent for mineral oil lubricants which comprises
heating an essentially paraffinic base lubricat-
ing oil with from 1 to 20 per cent by weight
on said oil of anhydrous aluminum chloride ab
a temperature of from 150° to 300° F., remov-
ing aluminum chloride from the reaction product,
“and reacting said product and an alkylated
phenyl phosphite in an amount of from 10 to
75 per cent by weight of its mixture with said
product with from 2 to 20 per cent by weight
of said mixture or phosphorus pentasulfide at
a temperature of from 450° F. to a maximum
temperature below the minimum cracking of said
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40

45

50

55

60

65

70

14 ,
product to incorporate phosphorus and sulfur
therein. C ' -

4. The process of claim 3, wherein the product
is dissolved in a mineral lubricating oil. ’

5. The process of claim 3, wherein the alkylated
phenyl phosphite contains from 4 to 8 carbon
atoms in "a branched chain -alkyl group, and
contains from 1 to 5 per cent by weight of com-~
bined phosphorus. . I »

6. The process of claim 5, wherein the alkylated
phenyl phosphite is para-tetramethylbutyl phen-
vyl phosphite. - R .

7. The rprocess of preparing an improvement
agent for mineral oil lubricants which comprises
heating an essentially paraffinic. base lubricating
oil with phosphorus pentasulfide in the presence
of a surface active silica-containing solid catalyst
and an alkylated phenyl phosphite having from
4 to 8 carbon atoms ina branched chain alkyl
group in an amount of from 10 to 75 per cent
by weight of its mixture with said oil at a tem-~
perature of from 300° F. to a maximum tempera~
ture below the minimum cracking temperature
of said lubricating oil to incorporate phosphorus
and sulfur therein.

8. The process of preparing an improvement
agent for mineral oil lubricants which comprises
heating an essentially paraffinic base lubricating
oil and an alkylated phenyl phosphite in an
amount of from 10 to 50 per cent by weight of its
mixture with said oil with from 2 to 20 per cent
by weight of said mixture of phosphorus penta-
sulfide in the presence of from 2 to 25 per cent
by weight of the reaction mixture of a surface
active silica-containing solid catalyst at a tem-
perature of from 300° F. fo 2 maximum tempera-
ture below the minimum cracking temperature
of said lubricating oil to incorporate-phosphorus
and sulfur therein.

9. The process of claim 8, wherein the alkylated
phenyl phosphite contains from 4 to 8 carbon
atoms in a branched chain alkyl group and con-

‘tains from 1 to 5 per cent of combined phos-

phorus.

10. The process of claim 9, wherein the alky-
lated phenyl phosphite is para-tetramethylbutyl
pheny! phosphite.

11." The process of preparing an improvement
agent for mineral oil lubricants which comprises
heating an essentially paraffinic base lubricat-
ing oil with from 1 to 20 per cent by weight -
of said oil of anhydrous aluminum chloride at
a temperature of from 150° to 300° F., removing

‘agluminum chloride from the reaction product,

heating said product with from 2 to 20 per cent
by weight on the mixture of said product and
the alkylated phenyl phosphite hereinafter
described of phosphorus pentasulfide in the
presence of 'a surface active silica~containing
golid catalyst and an alkylated phenyl phos-
phite having ‘from 4 to 8 carbon atoms in a
branched chain alkyl group in an amount of from
10 to 75 per cent by weight of its mixture with
said product at a temperature of from 300° F. to
2 maximum -temperature below the minimum
cracking temperature of the aluminum chloride
treated oil to incorporate phosphorus and sulfur
therein.

12. The product obtained by the process of

- claim 1.

75

13. The product obtained by the process of
claim 4. :

14, The product obtained by the process of
claim 5. i
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15. The product obtamed by the process of
claim 7.

16. The produut obtamed by the procesc of
~claim 11, -

17. A lubrlcant composmon compmsmg a - ma-
jor amount of a mineral lubricating oil and a
minor amotnt, sufficient, to confer improved anti-

oxidant and corrosion inhibiting properties on.

the composition, of the product obtamed by the
process of claim 1.

10

18. A lubncant composition : comprising a -

major amount of a mineral lubnca,tmg oil and
a minor amount, sufficient to confer improved
antioxidant and corrosion inhibiting properties
on the composition, of the product obtamed by
the process of claim 3.

19. A lubricant compos1t10n comprising a
major amount .of a mineral lubricating oil and
a minor amount, sufficient to confer improved
antmmdant and corrosmn 1nh1]o1t1nor propermes

15

20

16
on the composition; ‘of the ‘product obtamed
by the process of claim 7. :

20. A lubricant ' composition comprising a
major amount of a mineral lubricating oil and
a minor amount, sufficient to confer improved
antioxidant and corrosion inhibiting propertles,

‘of the product obtamed by the proceus of cla,lm

11.
'HERSCHFL G. SMITH.
TROY L. CANTRELL,
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