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ABSTRACT OF THE DISCLOSURE

A high efficiency, lubricating oil composition comprises
(a) a large amount of lubricating oil, (b) a 4,4’-thiobis
phenol, and (c) a substituted phenol having at least one
tertiary butyl group in the ortho position to the hydroxyl
group. Said lubricating oil composition is, for example,
a high efficiency turbine oil.

FIELD OF THE INVENTION

This invention relates to a high efficiency lubricating
oil composition and also to a process for preparing the
lubricating oil composition, belonging to a mineral oil
that exhibits surpassing efficiency, from a feedstock oil
being devoid particularly of oxidation stability and effect
of using additives.

BACKGROUND OF THE INVENTION

As regards a high efficiency lubricating oil composi-
tion, for instance, turbine oil, the use of a highly refined
feedstock oil as a base oil or the use of a special com-
position also as a base oil has been disclosed. However,
in order to prepare such a base oil, it is required to rely
on a special crude oil. Further, the preparation of said
base oil according to a conventional processing step is
practically infeasible because of economical reasons. Still
further, said special composition is least recommendable,
since it is seldom available to those in the art.

SUMMARY OF THE INVENTION

The inventors of the present invention have success-
fully overcome a series of such difficulties. It is therefore
the primary object of the present invention to provide
turbine oil, exhibiting surpassing efficiency comparable
to a lubricating oil composition which makes use of a
highly refined base oil, from crude oil.

It is another object of the present invention to pro-
vide a highly efficient turbine oil by use of an easily avail-
able base oil which is obtainable without particularly en-
hancing any refining quality thereof through a special
combination of a thiobisphenol and a substituted phenol
which have already proved effective as an antioxidant.

In further object, according to a process for prepar-
ing a lubricating oil by a hydrogen refining process which
has given tendency to frequent adoption during the re-
cent years, it is possible to obtain a lubricating base oil,
having a property resembling that of a highly refined oil,
from a conventional special crude oil. The property of
the thus obtained lubricating base oil is however found
to be inferior to the property in respect of stability, par-
ticularly in respect of anti-corrosive property because of
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copresence of aromatic components such as sulfur- or
nitrogen-containing heterocyclic compounds involved
therein.

The present invention is, on the other hand, capable
of substantially eliminating these defects.

DETAILED DESCRIPTION OF THE INVENTION

In the following will be given a further embodiment
of this invention, in greater detail. That is to say, the
present invention covers a highly efficient lubricating oil
composition belonging to a mineral oil through the com-
bined use of (a) 4,4'-mono-, di- or tri-thiobis (2,6-di-t-
butylphenol), (b) other additives, and (c) a base oil hav-
ing reduced oxidation stability and poor effect from ad-
ditives.

4,4’-mono-, di- or tri-thiobis (2,6-di-t-butylphenol) to
be used in the present invention are the compounds rep-
resented by the following general formula

CH; CH;
HaC—é—CHs H.C— (:J—CHa
HO— Sx— 0H
HaC—(ﬁ-—CHa H;C—C—-CH;

CHs CH,

(wherein x represents an integer of from 1 to 3).

In order to obtain a lubricating oil composition of the
present invention, it is required to use said 4,4’-thiobis
(2,6-di-t-butylphenol)s in combination with additives.

Compounds to be included in the additives in said (b)
are a substituted phenol having 1 or 2 tertiary butyl
groups in the ortho position to the hydroxyl group there-
of, for example, 2,6-di-t-butyl-p-cresol, 2,6-di-t-butyl-4-
ethylphenol, 4,4’-methylenebis (2-t-butyl-5-methylphe-
nol) and also 4,4’-bis (2-t-butyl-5-methylphenol) and the
like.

The combined use of the aforementioned thiobisphe-
nols and substituted phenols assures successful providing
of a lubricating oil composition, having a favorable ox-
idation stability, from a base oil abundant in sulfur con-
tent. It also provides a lubricating oil composition, hav-
ing surpassing property, from a high pressure hydrogen
refined oil having less aromatic content. Furthermore, it
is naturally a matter of course that other additives of
conventional use, such as an antifoamer and a rust pre-
ventive or the like can also be used in combination with
lubricating oil composition of this invention.

The amount of a thiobisphenol and the substituted
phenols to be used in the present invention may vary
depending on the diversified uses of the lubricating oil.
The ratio of said thiobisphenols to the substituted phenols
in amount may also very accordingly. Generally, a thio-
bisphenol is used in an amount of less than 5% by weight
based on the weight of total composition, preferably in
a range of from 0.01 to 0.1% by weight, while substituted
phenols in an amount of less than 5% by weight, prefer-
ably in a range of from 0.1 to 0.5% by weight, respec-
tively. In other words, from about 1 to about 50 parts by
weight of the substituted phenol is used for each part by
weight of the thiobis phenol.
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According to the present invention, the use can be made
of any one of various lubricating base oils having the sul-
fur content of approximately 5% by weight or below.

Hereinunder will be given further embodiments the
present invention in greater detail by way of examples.
It should be noted however that this invention will in no
way be limitative, but will merely illustrate some of the
essential feature thereof. All percentages shown in follow-
ing examples are based on the weight of the total com-
position, unless otherwise specified.

EXAMPLES 1-20

By using a solvent refined lubricating base oil, a com-
mercially available rust preventive, an antifoamer, 0.50%
of 2,6-di-tertiary butyl paracresol and thiobisphenols illus-
trated in Table 1, 20 turbine oil blends were prepared.
Thereafter, an oxidation stability test was conducted as to
each one of these turbine oils on the basis of ASTM
D943, The results are shown in Table 1 to follow.

TABLE 1.—TURBINE OIL OXIDATION STABILITY TEST
RESULTS ON THE BASIS OF ASTM D943

Time required
for the total acid
value to reach
1.0mg, KOH/
Composition g. (hr.)
Baseoll A1 : 1,120
Bas; (%11 A and 0.01% of organic zine dithiophos- 1,310
phate.
| JOR— Base oil A and 0.05%, S3.. 3, 040
4_ ... Base oll A and 0,059, S8 ¢._ 3,690
5*.... Base oll A and 0.01% of 4,4’ 1,260

cresol).

[ . Base oll A and 0.019, S2_. .. 2,820
) S Base oil A and 0.01%, SS4._. 2,960
8 aan Composition in Example 2 and 0.01%, S 3__ 2,800
9___.. Composition in Example 2 and 0,019, SS 4 2,910
10.... Composition in Example 2 and 0.05% 88 4....__ 3,170
11*__.. Basecil B 2 : 1,220
12.... Base oil B and 0.01% of organic zine dithio- 1,340
phosphate.
13.... BaseoilBand0.01 S3 2,750
14_.._ Base oil B and 0.05% S3.. 3,070
15_... Base oil B and 0.01% SS4._.. 2,860
16.... Base 0il B and 0.05% S8 4. e cueeuneeo. 8,570
17.... Compeosition in Example 12 and 0.019, 8 2_ 2,720
18.... Composition in Ezample 12 and 0.05%, S3.._ 2,980
19.... Composition in Example 12 and 0.01% SS4._. .. 2, 690
20.... Composition in Example 12 and 0.05% S84 ... 3,110

1 The lubricating base oil contains 0.50% of 2,6-di-tertiary butyl para-
cresol. This base oil used is from the Middle East and is solvent refined
It contains 0.52% of sulfur and has 31.50 centistokes of kinematic viscosity
at 37.8° C. and 56.18 centistokes of kinematic viscosity at 98.9° C.,
respectively.

2 The lubricating base oil contains 0.50% of 2,6-di-tertiary butyl para-
cresol. This base oil used is from the Middle East and is solvent refined. It
contains 0.32% of sulfur and has 30.30 centistokes of kinematic viscosity
at 87.8° C. and 5.09 centistokes of kinematic viscosity at 98.9° C.,
respectively.

34 4’-thiobis (2,8-di-t-butylphenol).

4 4,4'-dithiobis (2,6-di-t-butylphenol).

* Reference example.
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Examples 21-40

By using a high pressure hydrogen refined lubricating
base oil, a rust preventive (Lubrizol 859), 0.50% of 2,6-
di-t-butyl-p-cresol and thiobisphenols illustrated in Table
2, 20 (turbine oil) compositions were prepared.

An oxidation stability test of a turbine oil was con-
ducted on the basis of ASTM D943. The results are
shown in Table 2 to follow.

TABLE 2—~TURBINE OIL OXIDATION STABIIéITY TEST

RESULTS ON THE BASIS OF ASTM D94
Time required
for the total acid
value to reach
Ex. 1.0mg. KOH/g
No. Composition (br.)
21° Base ol C1._... H . ‘“ 450
22° Basg %il C and 0.01% of organie zine dithiophos- 2, 260
phate.

23.... Baseoil Cand 0.01% S52..:. 3,120
2. ... Baseoil Cand 0.01% SS¢.. 3,450
25. ... Baseoil C and 0.05%, 88 : 3,240
26.... Base oil C and 0.05% S84, .o oeecmeeeeins 3,480
27 ... Composition in Example 22 and 0.019% 83_____. 2,880
Composition in Example 22 and 0.019, SS4__ 3,010
Composition in Example 22 and 0.05% S3. ... 3,060
Composition in Example 22 and 0.05% 884_.... 3,180
. Base oil D3 3 800

32*._. Base oll D and 0.01% of organic zine dithiophos-
phate. 1,100
33%___ Baseoil D and 0.02% of Suntorene C (trade name) 1,570
34*_ .. Base oil D and 0.05% of pyrollidone : 1,400
35.... Base 0il D and 0.01% S3_.. 3,310
36.... Base 0il D angd 0.01%, SS4._ 3,350
37_... Composition in Example 32 and 0.01% 3,120
38_... Composition in Example 32 and 0.01%, SS4¢ 3,250
39.... Composition in Example 32 and 0.05%, 83 _____ 3,330
40.-.. Composition in Example 32 and 0.05% SS4é_.... 3,490

! Contains 2% of aromatic hydrocarbon by silica gel chromatographie
analysis. It also allowed to contain 2,6-di-t-butyl para-cresol of 8 0.05%
high pressure hydrogen refined lubricating base oil having 28 centitstokes
of kinematic viscosity at 37.8° C. and 4:98 centistokes of kinematic vis-
cosity at98.9° C.

2 Contains 12% of aromatic hydrocarbon through siliea gel chromato-
graphie analysis. It also contains 2,6-di-t-butyl para-cresol a 0.50% high
ressure hydrogen refined lubricating base oil having 33 centistokes of
nematie viscosity at 37.8° C. and 5.37 centistokes of kinematic viscos-
ity at98.9° C.
Footnotes 3 and 4—Same as in Table 1.
¢ Reference example.

Examples 41-53

By using a solvent refined lubricating base oil from the
Middle East crude oil containing, as a base oil, 0.52%
of sulfur, and exhibiting a kinematic viscosity of 1.50
centistokes at 37.8° C. and 5.18 centistokes at 98.9° C,,
a rust preventive (Lubrizol 859) and also using various
additives illustrated in Table 3, a catalytic oxidation test
was conducted. The adding ratio of the additives and the
testing results are as per illustrated in Table 3 to follow.

TABLE 3.~CATALYTIC OXIDATION TEST AT 120° C:

Oxi- ‘Totalacid Forma-
dation value, mg. tion of
Ezample number Additive (adding ratlo, weight, percent) life, hr, KOH/g. sludge
41 (Reference example).. 2, 6-di-t-butyl-p-cresol (0.25)_.... 360 2.4 Yes.
42((Reference exam%le)_ 2: §-di-t-butyl-p-cresol (0.25) 360 1.8 %es.l
43 (Reference example). 2, 2’-methylenebis (6-butyl-4d-methylphenol) (0.25)_ 200 1.0 Yes
44 (Relerence exa.mpleg- 2, 2’-methylenebis (6-butyl-4-methylphenol) (0.25). 200 1.0 %es.
45 (Reference example).. 4, 4'-thiobis (6-t-butyl-3-methylphenol) (0.03) : 200 2.0 Yes.
46 (Reference example;_ 4, 4'-thiobis (2,6-di-t-butylphenol) (0.1 360 2.6 Nes.
47 (Reference example) . 4, 4’-thiobis (2,6-di-t-butylphenol) (0.1 360 1.2 I\?.'
48 (Reference example). 4, 4'-dithiobis (2,6-di-t-butylphenol) (0. 360 2.1 . 0.
49 (Reference example) - é, é’&ﬁhﬁ?’? (Z,G-di-{-b(t(l)t%lphenol) (0.2 300 1.0 No.
-di-t-butyl-p-cresol (0.5)vemvneuan . :
50 (Reforence example). iy 4’-thi%bigy(l61-’t-but yll-?(-)ng)eth % 360 1.6 No.
2, 6-di-t-butyl-p-cresol (0.5)c.cucuuuen , ;
51 (Reference example).{4' 4’-thi%bigy(12%-di-t-tl>u€6y§ Yonaly (6:0% 500 1.0 No,
2, 6-di-t-butyl-p-cresol (0.5)._ . cvaaan Cenen . ;
52 (Beteronce example). {52 G GiRIoN: 1 butyiphenal) (6,61 500 0-8¢ No
2, 6-di-t-butyl-p-cresol (0.5). - weeernicceaas 500 0.65 No:

53 (Reference example)-{4, &'-dithiobis (2,6-di-t-butylphenol) (0.05)..
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We claim:
1. A lubricating oil composition, characterized by com-
prising
{a) a major amount of lubricating base oil;
(b) from about 0.01 to 0.1 weight percent of a 4,4'- 5
thiobis phenol represented by the general formula

CH;s CH;

|
H;C—C—CH, H;C—-é-—CHI
| i 10
Ho—wrwon
H;C—C~—~CHjs H;C— : —CH;
Ea 7 CH; 15

(wherein x represents an integer of from 1 to 3); and
(¢c) from about 0.1 to about 0.5 weight percent of a
substituted phenol selected from the group consisting
of 2,6-di-t-butyl-p-cresol, 2,6-di-t-butyl-4-ethylphenol, oq
4,4'-methylenebis (2-t-butyl - 5 - methylphenol) and
4,4’-bis (2-t-butyl-5-methylphenol).
2. A lubricating oil composition according to claim 1,
in which said thiobis phenol is 4,4’-thiobis (2,6-di-t-butyl-
phenol).

25
3. A lubricating oil composition according to claim 1,

6
in which said thiobis phenol is 4,4’-thiobis (2,6-di-t-butyl-
butylphenol).

4. A composition of matter comprising a 4,4’-thiobis
phenol as defined in claim 1 and a substituted phenol as
defined in claim 1.

5. A composition of matter comprising from about 1
to about 50 parts by weight of a substituted phenol as
defined in claim 1 per each part by weight of a thiobis
phenol defined in claim 1.
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