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01 .. .. BACKGROUND OF THE INVENTION
02 | '
03 This invention relates to improved lubricating oils,

04 especially internal combustion engine lubricating oils, and
05 additives and additives mixtures employable for the '
06 preparation of such lubricating oils.
07
" o8 Automobile spark ignition'and'diesel engines have valve
09 train systems, including valves, cams and rocker arms which
10 present special lubrication concerns. It is extremely
11 important that the lubricant, i.e. the engine o0il, protects
12 these parts from wear. Further, it is important for engine
13 oils to suppress the prodﬁction of deposits in the engines.
14 Such deposits are produced from non-combustibles and
15 incomplete combustibles of hydrocarbon fuels (e.qg.,
16 gasoline, diesel fuel oil) and by the deterioration of the
17 engine oil employed. '
18
19 Engine oils use a mineral oil or a synthetic oil as a base
20. o0il. However, simple base oils alone do not provide the
21 necessary properties to provide the necessary wear -
22 protection, deposit control, etc. required to protect '
23 internal combustion engines. Thus, base oils are formulated
24 with various additives, for imparting auxiliary functions,
25 such as ashless.dispersants, metallic detergents (i.e.,
26 metal-containing detergents), antiwear agents, antioxidants
27 (i.e., oxidation inhibitors), viscosity index improvers and
28 the like to glve a compounded oil (i.e., a lubricating oil
29 composition).
30
31 A number of such engine oil additives are known and employed
32 .in practice. Zinc dialkyldithiophosphates are, for example,
33 because of their favorable characteristics as an antiwear
34 agent and performance as an oxidation inhibitor, contained



This invention relates to inproved |ubricating oils, especially internal
combustion engine lubricating oils, and additives and additives m xtures
enpl oyabl e for the preparation of such lubricating oils. Aut onobi | e spark
ignition and di esel engines have val ve. train systens, including valves,
cans and rocker arnms which present special l|ubrication concerns. It is.
extremely inportant that the lubricant, i.e. the engine oil, protects these
parts fromwear. Further, it is inportant for 'engine oils to suppr ess the
production of . deposits in the engines. Such deposits are produced from

non- conbusti bl es and -

e

01 in most all of the comﬁercially available -internal
02 composition engine oils, especially those used for
03 automobiles. |
04 ' :
05 However, a problem has arisen with respect to the use of
06 . zinc dialkyldithiophosphate, because phosphorous derivatives
07 poison catalyst components of catalytic converters. This is
08 . a major concern, because effective catalytic converters are
09 needed to reduce pollution and to meet governmental
10 regulation designed to reduce toxic gases, such as
1 hydrocarbons, carbon monoxide, and nitrogen oxides, in
12 internal combustion ehgine exhaust emission. Such catalytic
13 converters generally use a combination of catalytic metals,
14 such as platinum or variations, and metal oxides and are
15 instailed in the exhaust streams, e.g., the. exhaust pipes of
16 automobiles, to convert the toxic gases to nontoxic gases.
17 As before mentioned these catalyst components are poisoned
18 by the phosphorous component, or the phosphorous
19 decomp051t10n products of the zinc dlalkyldlthlophosphate,
20 and accordingly, the use of engine oils containing
21 phosphorous additives may substantially reduce the life and
22 effectiveness of catalytic converters. Therefore, it would
23 be desirable to reduce the phosphorous content in the engine
24 oils so as to maintain the activity and extend the life of
25 the catalytic converter.
26
27 There is also governmental and automotive industry pressure |
28° towards reducing'phosphorous content; for example, United
29 States Military Standards MIL-L-46152E and the ILSAC
30 Standards defined by the Japanese and United States
31 Automobile Industry Association require engine oils to have
'32  phosphorous content below 0.12 wt. %. The phosphorous
33 content in most high grade engine oils containing zinc
34 dialkyldithiophosphate is approximately. 0.1 wt. %, and thus



i nconpl'et e conbustibles of hydrocarbon fuels (e.g., gasoline, diesel fuel
oil) and by the deterioration of the engine oil enployed. Engi ne oils use
a mneral oil or a synthetic oil as a base oil. However, sinple base oils
al one do not provide the necessary properties to provide the necessary wear
protection, deposit control, etc. required to protect internal combustion
engi nes. Thus, base oils are fornulated with various additives, for

i mparting auxiliary functions, such as ashless dispersants, netallic
detergents (i.e., metal-containing detergents)s antiwear agents,
antioxidants (i.e., oxidation inhibitors), viscosity index inprovers and
the like to give a conpounded oil (i.e.3a lubricating oil '

01 meet the 0.12 wt% requirement. Nevertheless, it would be
02 ° desirable to decrease the amount of zinc
03 dialkyldithiophosphate in lubricating oils still further,
04 thus reducing catalyst deactivation and hence increasing the
05 1life and effectiveness of catalytic converters. However,
06 simply decreasing the amount of zinc dialkyldithiophosphate
07 presents problems because this necessarily lowers the
- 08 antiwear properties and oxidation inhibition properties of
09 the lubricating oil. Therefore, it is necessary to find a
10 way to reduce phosphorous content while still retaining the
11 ' antiwear and oxidation or corrosion inhibiting properties of
12 the higher phosphorous content engine oils.
13 |
14 In order to compensate for lowering the amount of zinc
15 dialkyldithiosphate, the use of other oxidation inhibitors
16 such as phenol derivatives and amine derivatives have been
17 studied. However, the use of such known oxidation
18 inhibitors in place of zinc dialkyldithiophosphate at best
19 only marginally satisfies the required levels of antiwear
20 and oxidation inhibition. The use of magnesium sulfonate
21 detergeﬁts which are also effective to enhance the antiwear
22 properties in valve train systems has also been studied and,
23 in fact, some commercially available engine oils use a
24 magnesium sulfonate detergent. However, engine oils
25 containing a magnesium sulfonate detergent have drawbacks in
26 that crystalline precipitates are sqmetimes produced when
'27 these engine oils are stored under humid or variable
28 temperature conditions for a long period of time. Such
29 precipitates may cause plugging of the filter which is
30 installed in the engine oil circulating system. Such
31 plugéing is more likely to occur when a large amount of the
32 magnesium sulfonate detérgent is used so as to enhance the
33 .desired antiwear properties. Thus, the use of magnesium-
34 sulfonate detergents is not a satisfactory solution.



- conposition). A nunber of such engine oil additives are known and
enpi oyed in practice. Zinc dialkyldithi ophosphates are, for- exanple,
because of their favorable characteristics as an antiwear agent and
performance as an oxi dation inhibitor, contained
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At the present time, demand for furfher-deprease of
phosphorous content is very high from the viewpoinf of the
aforementioned problems. For instance, it is sometimes
desired to decrease the phosphorous content to levels below
the regulated upper limit and the 0.1 wt. % phosphorous
level of today’s better engine-oil. This reduction cannot
be satisfied by the present measures in practice and still
meet the severe antiwear and corrosion 1nh1b1t1ng propertles
requlred of today’s engine oils.

Thus, it would be desirable to develop lubricating oils, and
additives and additive packages therefore, having low levels

- of phosphorous but which still provide the needed wear

protection and corrosion protection now provided by
lubricating oils hav1ng higher levels of zinc
dialkyldithiophosphate, but whlch do not suffer from the
disadvantages of the low phosphorous level lubricants
discussed above.

U.S. Patent No. 3,876,550 (issued 1975) discloses
lubricating compositions containing an alkylene
bis(dithiocarbamate), as-an antioxidant, and a substituted
succinic acid as a rust inhibitor. The alkylene
dithiocarbamate is represented in the patent by the formula
R'R’N-C (S) -S-alkylene-S-C(S)-NR’R'. Example 5 of the patent
describes a crankcase lubricant containing a VI improver, an
ashless dispersant and methylene bis(dibutyldithiocarbamate).
The patent further teaches that the composition may also
contain various other additives, for example, detergents,
dispersants, VI improvers, extreme pressure agents, antiwear
additives, etc., as well as other oxidation inhibitors and
corrosion inhibitors (Col. 7, lines 35-55) and cites an
extensive list of extreme pressure agents, corrosion



-2- in nost all of the commercially available internal conposition
engi ne oils, especially those used for autonobil es.
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inhibitors and antioxidants, including zinc salts of

phosphorodithoic acid'(Col; 8, lines 1-22).

The use of methyleﬁe bis(dibutyldithiocarbamate) as an
oxidation inhibitor in lubricating oils, in combination with
other ingredients, is also disclosed in U.S. Patent

Nos. 4,125,479 (1978) and 4,880,551 (1989).

'U.S. Patent No. 4,879,054 (1989) is directed to cold

temperature greases and teaches using dithiocarbamates such

‘as Vanlube 7723, i.e., 4,4’-methylene bis(dithiocarbamate),

in such greases to provide extreme pressure antiwear
properties (Col. 6, lines 18-28). ‘Examples 13-18 (Col. 14,
lines 26-32) describe using Vanlube 7723 and
triarylphosphaté as replacements for lead naphthenate and
zinc dithiophosphate. The use of.dithiocarbamates as
extreme  pressure antiwear additives is also taught by U.S.
Patent No. 4,859,352, and U.S. Patenﬁ No. 4,648,985 teaches
that the combination of dithiocarbamates with zinc

dithiophdsphate and copper salts of carboxylic acid provide

lubricants with extreme pressure properties.
SUMMARY OF THE INVENTION

The present invention provides lubricating oil compositions
which provide high antiwear protectidn and oxidation-
corrosion protection, but which have'only low levels of
phosphorous, less than 0.1 wt. % and preferabiy not more
than 0.08 wt %. Thus, the present lubricating compositions
are much more environmentally desirable than the'higher
phosphorous lubricating compositions generally used in
internal combustion engines because they facilitate longer
catalytic converter life ‘and activity and yet provide the

desired high wear protection and corrosion inhibition.



However, a problem has arisen with respect to the use of zinc
di al kyl di t hi ophosphat e, because phosphorous derivatives poi son catal yst
conponents of catalytic converters. This is a major concern, because
effective catalytic converters are needed to reduce poIIutlon and to neet
governmental regulation designed to reduce toxic gases, such as
hydr ocar bons, carbon nonoxi de, and nitrogen oxides, in internal conbustion
engi ne exhaust em ssion. Such catalytic converters generally use a
conmbi nati on of catalytic netals, such as platinumor variations,. and netal
oxides and are installed in the exhaust streams, e.g., the exhaust pipes of
aut onobil es, to convert the toxic gases t@ nontoxic gases. As before
menti oned these catal yst conponents are poi soned by the phosphorous
conponent, or the phosphorous deconposition products of the zinc
dlalkyldlthl%Pmmﬁgggnt lubricating comp051tlon comprises a base o0il of

o2 lubricating viscosity and a wear inhibiting, corrosion

03 inhibiting effective amount of a thiocarbamate compound, or

o4 mixture of compounds, having the formula:

0s . R S : S R’

06 v I -

07 N-C-(X) -C=-N (1)
08 _ R R

09 |

10 wherein each of R!, R?, R’ and R*, independent of each
11 other, represents an alkyl group of 1-18 carbon atoms,
12 and (X) represents S, S-S, S-CH,-S, S-CH,CH,-S,

13 S-CH,CH,CH,-S, or S-CH,CH(CH;)-S, -

14 '

15  and an amount of zinc dialkyldithiophosphate which provides
16  a phosphorous.content, based on the total weight of the

17  1lubricating composition, less than 0.1 and preferably not

18 exceeding 0.08 wt. %, and more preferably not exceeding 0.06
19  wt. %.

20

21 In another aspect the invention provides an additive package
22 composition or concentrate comprising one or more compounds
23 of formula (I) in an organic diluent liquid, for example,

24 base oil and preferably containing various other additives
25 desired in lubricating oil compositions such as, for

26 example, metal-containing detergents and ashless

27 dispersants.

28

29 FURTHER DESCRIPTION OF THE INVENTION AND EMBODIMENTS:
30 '

31 It has been found that the incorporation of the compound of
32 formula (I) or mixtures thereof into synthetic or mineral

33 pase oils provides lubricating oils which provide excellent
34 '



and accordingly, the use of engine oils containing phosphorous additives
may substantially reduce the life and effectiveness of catalytic
converters. Therefore, it would be desirable to reduce the phosphorous
content in the engine oils so as to maintain the activity and extend the
life of the catalytic converter. There .is al so governnental and
autonotive industry pressure towards reduci ng phosphorous content; for
exanple, United States MIlitary Standards M L-L-46152E and the | LSAC
Standards defined by the Japanese and United States Autonpbile Industry
Associ ation require engine-oils to have phosphorous content below 0.12 wt.
% The phosphorous content in nost hi gh-grade engine oils containing zinc

01 wear protection and corrosion inhibition in internal

02 combustion engines, espeéially if incorporated with low

03 levels of zinc dialkyldithiophosphates. The compounds of

04 formula (I) (hereafter referred to as thiocarbamates) i.e.
0s o |
06 | Rl s s = R

07 \N-llz- (X).-C-N/ (I) .

08 . . | - \
09 | Rl : R

10
11 " wherein R!, R?, R® and R* and (X) are as defined herein-

12 above,

13 _ |

14 are known compounds and can be prepared by known procedures,
15 and in some cases have been employed as Vulganiiinq

16 accelerators and as additivés for gear oils and turbine oils
37 and hence readily commercially available. Referring to the
38 R, R’, R® and R groups, the alkyl group may be linear

19 (straight chain) or branched chain and preferably have 1

éo through 10 carbon atoms, more preferably 1 through 6 carbon
'21 ~ atoms. Typical alkyl groups include, for example, methyl,
‘22" ethyl, propyl, n-butyl, isobutyl, pentyl, isbpentyl, heptyl,
23 octyl, 2-ethylhexyl, nonyl, decyl, and dodecyi, Typical -
24' examples of the thiocarbamate compounds of the formula (I)
25 are methylene bis(dibutyldithiocarbamate),

26 bis(dimethylthiocarbamoyl)monosulfide,

27 Dbis(dimethylthiocarbamoyl)disulfide,

28 bis(dibutylthiocarbamoyl)disulfide,

29 bis(diamyltiocarbamoyl)disulfide, and

30 bis(diéctylthiocarbamoyl)disulfide. ‘These compounds can be
317 used singly or in combination of two or more compounds in
32 combination with low levels of zinc dialkyldithiophosphates
33 and afford good wear and corrosion protection and also have
34 good oil solubility. The thiocarbamate compound is



dlalkyldlthlophosphate S apprOX|nater 0.1 w. % and thus
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generally incorporated into base oils to give a compounded

‘engine oil containing 0.05-8 wt. %, preferably 0.1-4 wt. %

more preferably 0.5 - 2 wt. % of the thiooarbamate compound.
In general, by increasing the amount of zinc
dialkyldithiophosphate, lower amounts of thiocarbamaté,
within the above described ranges, can be use.

We have found that excellent results are obtained in terms
of both engine'protection and environmental low phosphorous
con51deratlon by using the thiocarbamate in combination with
very low levels of zinc dlalkyldlthlophosphate. It is
advantageous to use the thiocarbamate and zinc )
dialkyldithiophosphate in combination at appropriate ratios
such that the phosphorous content of the compounded engine
oil is less than 0.1 wt. %, preferably no hlgher than 0.08
wt. %, and more preferably not higher than 0.06 wt. %, and
yet provides the desired levels of antiwear properties and
oxidation inhibition. On the other hand, in order to
ensure the high wear protection and corrosion inhibition
required by both today’s and future engines, we'have‘found '
that the amount of zinc dialkyldithiophosphate. expressed in
terms of phosphorous content should provide a phosphorous

~ content of about from 0.03 to 0.09 wt. %, preferably 0.04 to

0.08 wt. % based on the total weight of the lubricating oil
composition. We have discovered that the weight ratio of
the thiocarbamate compound to the zinc .
dlalkyldlthlophosphate should preferably be in the range of
1:01 to 1:20 and more preferably in the range of from 1:0.2
to 1:10. Best results, in terms of the aforementioned
considerations, are obtained when the lubricating
composition has a phosphorous content, furnished by the zinc
dialkyldithiophosphate, of from 0.05 to 0.07 wt. % and the
wsight ratio of the thiocarbamate compound of formula (I) to
the zinc dialkyldithiophosphate is in the range of about



meet the 0.12 wt % requirement. Nevertheless, it would be desirable to
decrease the ampunt of zinc dial kyldithiophosphate in lubricating oils
still further, thus reducing catal yst deactivation and hence increasing the
life and effectlveness of catalytic converters. However, sinply decreasing
t he amount of zinc dial kyldithiophosphate presents problens because this.
necessarily | owers the antiwear properties and oxidation inhibition
properties of the lubricating oil. Therefore, it is necessary to find a way
to reduce phosphorous content while still retaining the antiwear and

oxi dation or corrosion inhibiting propertles of the hlgher phosphor ous
content engine oils. .

01 from 1:0.2 to 1:10. (It should perhaps be noted that :
02 because of the phosphorus catalyst poisoning problem, that
03 with the exception of zinc dialledithiophosphate, that
04 phosphorus containing compounds are avoided in such engine
05 oils, particularly those intended for use in automotive

. 06 engines. Thus, in the case of the present invention,
07 phosphorus content is calculated based on the zinc
o8 dialkyldithiophosphate and its molecular phosphorus content,
09 and directly equates to zinc dialkyldithiophosphate
10 content.) - ' -
11
12 Zinc dialkyldithiophosphates are, of course, known wear
13 inhibiting agents and can be obtained from commercial.
14 sources or, if desired,'prepared by known procedures. . As is
15 well knoWn, zinc dialkyldithiophosphates refer to a class of
16 compounds generally having the formula

17
18 R’OTI; ' . ﬁ OR’
\ /
9 P-S-2n-8-P
20 : / \
21 R°0 OR®
22 ' | |
23 wherein R%, R’, R’ and R® are independently alkyl or
24 alkylphenyl.
25

26 Typically the alkyl group has about from 1 to 20 carbon

27 atoms, preferably 3 to 10 carbon atoms, and can be straight
28 chained or branched. 1In the present invention we have found
29 that very good results are obtained using zinc '
30 dialkyldithiophosphates wherein the R groups are branched

31 alkyl having about 3 to 6 carbon atoms. A variety of zinc
'32 dialkyldithiophosphates are, for example, described in an
33 article by M. Born et al. entitled "Relatlonshlp between

34 Chemical Structure and Effectiveness of Some Metallic



In ordér to conpensate for |owering the anmbunt of zinc dialkyldithiosphate,
-the use of other oxidation inhibitors such as phenol derivatives and am ne
derivatives have been studi ed. However, the use of such known oxi-dation
inhibitors in place of zinc-dialkyldithiophosphate at best only marginally
satisfies the required.l evels of antiwear and oxidation inhibition. The use
of magnesi um sul fonate detergents which are also effective to enhance the
antiwear properties in valve train systens has al so been studied and, in
fact, sonme commercially avail able engine oils use a magnesi um sul fonate

" detergent. However, engine oils containing a nmagnesi um sul fonate detergent
have drawbacks in that crystalline preciqdOates are sonetines produced when

01 Dpialkyl- and Diaryl-dithiophosphates in different Lubricated
02 Mechanisms", appearing in Lubrication Science 4-2 January

03 1992, see for example pages 97-100.

04 '

05 The base oil may be a mineral oil or synthetic oil or a.

06 . blend of mineral oils and/or synthetic oils blended to give
07 a base oil of the desired internal combustion engine oil

08 viscosity. Typically, individually the oils used'aé its

09 Dbase oil will have a viscosity range of about from 10 to 120
10 cST at 40°C and will be selected or blended depending on the
11 desired end use and the additives in the finished oil to

12 give the desired grade of engine oil.

13 ) o

14 Preferably, as well as the thiocarbamate compound and zinc
s dialkyldithiophosphate and base o0il, the lubricating oil

16 composition will also contain various additives for'

17 imparting auxiliary functions, for example, metal-containing
18 detergents, ashless dispersants, viscosity index improvers
19 and tre like, to give a finished lubricating oil in which

20 these additives are dissolved or dispersed. A variety of

21 metal-containing detergents, ashless dispersants, and

22 viscosity index improvers are known and commercially

23  available. These additives, or their analogous compounds,
24 can be employed for the preparation of the engine oils of

25 the invention by the usual blending procedures.

26 ‘

27 As the metal-containing detergent, a metal phenate or a

28 metal sulfonate is generally employed. Preferably, the

29 metal phenate is an alkaline earth metal salt of sulfide of
30 alkylphenol having an alkyl group of approximately 8-30

31 carbon atoms. Generally employed alkaline earth metals are
32 calcium, magnesium and barium. Preferably the metal '

33 sulfonate is an alkaline earth metal salt of a sulfonated

34 aromatic compound or a sulfonated mineral oil having a



these engine oils are stored under humid or variable tenperature conditions
forr a long period of tine. Such precipitates may cause plugging of the
filter which is installed in the engine oil circulating system Such
plugging is nore likely to occur when a large anmount of the magnesium

sul fonate detergent is used so as to enhance the desired antiwear
properties. Thus, the use of magnesium sul fonate detergents is not a

satisfactory sol ution.

-11-

01 molecular weight of approximately 400-600. Generally

02 employed alkaline earth metals are also calcium, mdgnesium
03 and barium. The metal phenate and metal sulfonate can be
04 used singly or in combination. Also employed are -other

05 metal-containing detergents such as salicylates,

06 phosphorates and naphthenates of alkaline .earth metals.

07 These detergents can be employed singly or in combination.
o8 The aforementioned phenate and sulfonate can be employed in
09 combination with these other metal-containing detergents.
10 The meta14containing detefgents'can be of a neutral type or
11 of an over-based better type having an alkalinity value of
12 150 to 300 or more. The metal;containing detergent is

13 generally incorporated into an engine oil in an amount of
14 0.5-20 wt. % based on total weight of the engine oil (i.e.,
15 compounded oil). Although magnesium salts of phenate and
16 sulfonate may, in some cases, enhance antiwear properties,
17 they, as noted aboVe, have a storage stability problem. In
is8 consideration of this problem, it is generally preferred to
19  use calcium salts-(e.g., phenates, sulfonates, etc.) in

20 combination with the thiocarbamate compounds used in the

21 present invention.

22 ' | ,

23 Examples of the ashless dispersants which may be used in the
24 present engine o0il are alkyl or alkenyl substituted

25 succinimides, succinic esters and benzylamines, in which the
26 alkyl or alkenyl group has a molecular weight of

27 approximately 700-3,000. The derivatives of these

28 dispersants, e.g., borated dispersants, may also be used.
29 The ashless dispersant is genérally incorporated into an

30 engine oil in an amount of 0.5-15 wt. % per total amount of
31 the engine oil.

32 _

33 Examples of the viscosity index improvers are poly-(alkyl
34 methacrylate), ethylene-propylene copolymer, polyisoprene,



-4- ‘At the present-tine, demand for further decrease of phosphorous
content is very high fromthe viewoint of the aforenentioned problens. For
i nstance, it is sonetines desired to decrease the phosphorous content to

| evel s bel ow the regul ated upper |limt and the 0.1 w. % phosphorous

-12-

01 and styrene-butadiene copolymer. Viscosity index improvers
02 of dispersant type (having increased dispersancy) or

03 multifunctional type are also employed. These viscosity

04 index improvers can be used singly or in combination. The
05 amount of viscosity index improver to be incorporated into
06 the engine oil varies with viscosity requirements of the

07 engine oil, but generally in the range of about 0.5 to 20%
08 . by weight of the total weight of the engine oil lubricating
09 composition. '

10

11 ' As well as the above additives, the lubricating oil

12 composition may contain various other additives such as, for
13 example, extreme pressure agents, corrosion inhibitors, rust
14 inhibitors, friction modifiers, anti-foaming agents, and

15 pour point depressants. Other oxidation inhibitors such as
16 hindered phenols and other antiwear agents can be used in

17 combination with the thiocarbamate compound of formula (I).
18 '

19 In another embodiment of the invenfion, the thiocarbamate of
20 formula (I) and zinc dialkjldithiophosphaté may be provided
21 as an additive package or concentrate which will be

22 incorporated into a base o0il at a different site or time.

23 The package will contain the two aforementioned components
24 in the weight ratio previously specified for incorporation
25 into the base o0il and generally will also contain a

26 compatible diluent or carrier liquid, e.g., base oil.

27 Typically a neutral oil having a viscosity of about

28° 4-8.5 cST at 100°C preferably 4-6 cST at 100°C will be used
29 as the diluent, though synthetic oils, as well as other

30 organic liquids which are compatible with the additives and.
31 finished lubricating oil can also be used. The additive

32 package will also typically contain one or more of the

33 various other additives, referred to above, in the desired
34



| evel of today's better engine oil. This reduction cannot be satisfied by
the present neasures in practice and still neet the severe antiwear and
corrosion inhibiting properties required of today's engine oils. Thus, it
woul d be desirable to develop lubricating oils, and additives and additive
packages therefore, having |ow | evel s of phosphorous but which stil

provi de the needed wear protection and corrosion protection now provi ded by

| ubricating oils having higher |evels of zinc dialkyldithiophosphate, - but '
whi ch do not suffer fromthe di sadvantages of the | ow phosphorous | evel

| ubricants di scussed above. —13-

01 amounts and ratios to facilitate direct combination with the
02 requisite amount of base oil.

03 '

04 Preferably, the additive concentrate comprisés a

05 hetal-containing detergent, an ashless dispersant and an

06 alkylthiocarbamate compound of the formula (I), zinc

07 dialkyldithiophosphéte and optional components dissolved or
08 dispersed in an organic liquid diluent, at a high |

09 concentration. The additive concentrate is preferably

10 prepared by mixing 100 weight parts of a metal-containing

11 detergent, 10-700 weight parts of an ashless dispersant, and
12 2-200 weight parts of the thiocarbamate compound of the

i3 formula (I) plus a proportional amount of zinc

14 dialkyldithiophosphate. In some cases it may be desirable
15 to omit the viscosity index improver, depending on the

16 particular type, because of compatibility problems which may
17 occur at the high additive concentration used in the

18 additive package.

19 _ |

20 A further understanding of the invention can be had from the
- 21 following non-limiting examples.

22 ' '

23 EXAMPLES

24 _ |
25 At present, the performances of engine oils are evaluated by
26 various bench scale tests and engine tests. Typical

27 standard engine tests are conducted according to

28 requirements of API service classifications. The maximum

29 class for engine oils of motor cars for service stations is
30 named API-SG. In order to pass the requirements defined in
31 API-SG, evaluations using engines fixed on beds, which are
32 named SEQ. (sequence) IID, SEQ IIIE, SEQ VE, CAT 1H, and CRC

33 L-38 are generally conducted. In some instances a CAT 1H,
34 - '



U.S. Patent No. 3,876,550 (issued 1975) discloses lubricating conpositions
.containing an al kyl ene bi s(dithi ocarbamate), as an anti oxidant, and a
substituted succinic acid as a rust inhibitor. The dl kyl ene dithiocarbanate
is represented in the patent by the fornula

Rlerr]Rerr]NNC(S)-S-al kylene-S-C(S)-NR[err]Rerr]. Exanple 5 of the patent
descri bes a crankcase | ubricant containing a VI inprover, an ashless

di spersant and net hyl ene bi s(di butyl dithiocar bamQtle) . pjHe patent further
teaches that the conposition nmay al so contain va®dz ous Fh@ATaiiI?ItIVES for

exanpl g degg ;SeRt geddtagg@a{:t ?va Yl inproevers, gext réh&gy essuf%e agqn&s

anti wear t1ves, ., as we as ot her oxi da i on4ga leé‘ganand perf or
corrosi%n i WHPFGPg (CoI . 7, lines 35-55) and te% )é‘%lms& Ve scagg e
ext renmapr essure agents, corrosion ing s .Plllar
04 The commercially avail Os : f'e?”Pera't Uct nt,
_ , . , SXams
05 API-SG oil contain zir 07 ° 1y, WTp Thig te *aming
06 corresponding to the 0g  Perat el o Casy,
07 0.1 wt. %. It has br 09 The 480 hoy,. 21 dep,
08 dialkydithiophosphat 10 Mor SEgQ v te “Peray
09 phosphorous content | 12 op °F co, ( St is Pers
_ , e - o
10 results in the eva! 12 e Tat HC) Meq ;,
. . 1 Xam ic ing
11  defined in the SEQ 3 Prog r leaq.,
e
12 give poor results 1¢ en u 1 genc,, hoyrg_
13 defined in the SF 15 Per 98 in ¢ ®*Ngine
1lg syste e W € erat. s
14 oil fails to pas lap * If el1 long a
b | ge W Xa
16 - 18 rodch b ir he 1Vg W
| 19 Hsperg,, . FOugh ¢, th et
17 br ed e m of
18 The most sever 20 *ductj, ® eng |
19  test and 21 T%%ker o5 °F Slugg, mpye L
est and, acc .
' 22 M wey, Slugg, This pogy Yo
20 example were a es
23 o Srage,) a lhe . Measy,
21 commercial s iy hq rnj
] 24 _lle €ngj Can We sh' o
22 Formulation 25 are g he o4, fo ar (’"aXim
. u
23 the SEQ II? - 2 Pass g, fOrth i r”'ulati(,ns
24 _ 25 gradin J-Inlts able 1 Qang & re
' . : : e : 1ls s
25 The SEQ I 28 “lnts (4, TSSPecty, . Preseng
26 GCeneral ¥ . 29 Details terms ° e en . d
. , of ' erj esi
27 for 64 h 30 ©11 yq e aqg ) t) or Meag
28 conducts 33 alye ar fin ive
29 ,atane 32 Jive ®) o Sraz crip
30 of val 33 Sery, os Cong . Aving ed
' e d a
31 incres _ 3¢ anti-fo In las at Ciong A Ngine i1 Vi
i Wi
32 avera ' n Agent * PPl £ lon d .a S
- | S were Sment ®fine
34 M reqyy, dlthe
. _ _ o
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he CAT 1H, test is performed in 2.2 liter monocylinder
liesel engine of Catefpillar Inc. which is operated for
.80 hours using gas oil containing 0.4% of sulfur. This
est is conducted for examining detergency at an elevated
emperature. This test measures TGF (top groove carbon
i11), WTD (weighted total demerit), each for 240 hours
>p§ration-and'480_hours operation.

he SEQ VE test is performed in a 2.3 liter engine of Ford
otor Co. (L-4, OHC) using lead-free gasoline, which is
rerated cyclicly for 288 hours. This test is made for
‘amining detergency for énginés such as a tendéncy to
oduce sludgé in the operatibns at low and middle
nperatures as well as examining wear of the valve train
item. If the wear of the valve train system is high, a
ge amount of iron in the form of microparticles which are
iuced through the wear of the valve train system are
'ersed in the engine oil employed so as to accelerate
‘uction of sludge. This test measures engin2 sludge,
er cover sludge, engine varnish, piston skirt varnish,
Jear (averagef and cam wear (maximum). '

ngine oil formulations and the results of the testing
et forth in Table 1. Also presented in Table 1 are the
limits for the respective engine tests in the form of
ig points (in terms of merit) or measured value.

s of the additives used are described below. The base

; a paraffinic mineral oil having a viscosity index
VI value) of 100. The engine oil was formulated to
scosity conditions of SAE 10W30 defined in the API
Classification. Supplemental additives such as
ming agents were added if required. '

ate)

alkyl

o
;mi.ne) y

sant tyYp®

ype-



i nhi bitors and antioxidants, including zinc salts of phosphorodithoic acid
(Col. 8, lines 1-22). The use of nethyl ene bis(dibutyldithiocarbamate) as
an oxidation inhibitor in lubricating oils, in conbination with other -
ingredients, is also disclosed in U S. Patent Nos. 4,125,479 (1978) and
4,880,551 (1989). U S. Patent No. 4,879,054 (1989) is directed to cold
tenperature greases and teaches using dithiocarbamates such as Vanl ube.
7723, i.e., 4,4 -nmethyl ene bis(dithiocarbanate),
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in such greases to provide extreme pressure antiwear properties (Col. 6,

| i mes 18-28). Exanples 13-18 (Col. 14, lines 26-32) describe using Vanl ube
7723 and triaryl phosphate as replacenents for | ead napht henate and zinc

di t hi ophosphate. The use of dithiocarbamates as extrene pressure antiwear
additives is also taught by U S. Patent No. 4,859,352, and U.'S. Patent No.
4,648,985 teaches that the conbinati-on of dlthlocarbanates W th zinc

di t hi ophosphat e and copper salts of carboxylic acid provide IubrlcantSnmnth

extreme pressure properties. SUWARY OF THE INVENﬁ(JV
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-

The présent invention provides |lubricating oil conpositions which provide
hi gh antiwear protection and oxi dation- corrosion protection, but which
have only | ow | evel s of phosphorous, less than 0.1 w. % and preferably not
nore than 0.08 wt % Thus, the present |ubricating conpositions are nuch
nore environnental |y desirable than the hi gher phosphorous | ubricating
conpositions generally used in internal conbustion engi nes because they
facilitate |l onger catalytic converter life and activity and yet provid§ t he
“desired high wear protection and corrosion inhibition.
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- 6- The present |ubricating conposition conprises a base oil of

| ubricating viscosity and a wear inhibiting, corrosion inhibiting effective
anount of a thiocarbamate conmpound, or m xture of conpounds, having the
formul a: - '
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[err] wherein each of Rerr], Rerr], Rerr] and Rerr],

I ndependent of each . other, represents an al kyl group of 1-18 carbon
at ons, and (X) represents S, S-S, S-CHerr]-S, S-CHerr]CHerr]-
S-CHerr]CHerr]CHerr]-S, or S-CHerr]CH(CHerr])-S, and an anount of

zi nc di al kyl di-t hi ophosphat e whi ch provides a phosphorous content, based on
the total weight of the .

-21-

01 As can be seen from Table 1 seven formulated engine oils

02 were tested-i.e., one a commercial-ghéine 0il meeting API-SG
03 requirements but having a phosphorous content of 0.1 wt. %
04 due to 1.3 wt. % zinc dialkyldithiophosphate and six test

05 formulations in which the zinc dialkyldithiophosphate

06 content was reduced to 0.7 wt. % thus reducing the

07  phosphorous content to 0.056 wt. %. Formulation Nos. 4 and
08 5 represent compositions according to the present invention.
09 Formulation Nos. 1-3 represent comparative formulations

10 which do not contain a compound of formula (I). Formulation
11 No. 6 represents a formulation containing the same

12 thiocarbamate as Formulation Nés. 4 and 5, but in a

13 substantially reduced amount. The only formulations which
14 passed all of the tests of the SEQ VE were the commercial .
‘15 lubricating oil having a phosphorous content of 0.1 wt. %-
16 and Formulation Nos. 4 and 5 of the present invention.

17 Formulation No. 3 was identical to Formulation No. 4 with

18 the exception that Formulation No. 4 contained 1 wt. % of

19  the thiocarbamate in accordance with the present invention,
20 whereas Formulation No. 3 had higher levels of an oxidation -
21 inhibitor and an extreme pressure agent (1 wt. % versus

22 0.3 wt. % for Formulation No. 4), yet Formulation No. 3

23 failed four of the six tests. Formulation No. 5 was

24 identical to Comparative Formulation Nos. 1 and 2 with the
25 exception that Formulation No. § contained 0.7 wt. % of the
26 thiocarbamate, in accordance with the present invention,

27 whereas Formulation Nos. 1 and 2 contained higher levels of
28 the oxidation inhibitor and Formulation No. 2 also contained
29 ° more ashless dispersant. Again, Formulation Nos. 1 and 2

30 failed four of the six tests whereas Formulation No. 5

31 passed each test. Formulation No. 6 did not conﬁain

32 sufficient thiocarbamate to provide the desired wear and

33 corrosion protection because of the very low amount of zinc
34



| ubricating conposition, less than 0.1 and preferably not exceeding 0.08
w." % and nore preferably not exceeding 0.06 wt. % I n"anot her aspect
the invention provides an additive package conposition or concentrate
- conprising one or nore conpounds of fornmula (I) in.an organic dil uent
liquid, for exanple, base oil and preferably containing various other
additives. desired in lubricating oil conpositions such as;, for exanple,

met al - cont ai ni ng detergents and ashl ess di spersants. FURTHER
DESCRI PTI ON OF THE | NVENTI ON AND EMBODI MENTS
..22_

01 dialkyldithiophosphate (i.e., measured as phosphorus 0.056
02 wt. %).

03

04 Based on the test data set forth in Table 1, engine oil

05 No. 4 and No. 5 of the present invention satisfy the SEQ VE
06 requirements of API-SG (top grade for commercially available
07 engine oils), even though the phosphorous contents of these
08 . engine oils are extremely low i.e., 0.056 wt. %. In

09 contrast, the engine oils No. 1, No. 2 and No. 3 containing
10 no thiocarbamate compound could not pass the pass limits set
11 for the API-SG classification. Particularly, the latter

12 engine oils showed apparently pooref performances in cam

13 wear and prevention of sludge, as compared with the

14 commercially available API-SG engine oil and the engine oil
15 according to the present invention. The engine oils of the
16 invention showed excellent performances in the anti-wear and
17 oxidation inhibition characteristics even at a phosphorous
i8 content reduced to about half of the generally adopted

19 content. The observed performances were almost the same as
20 those of a representative commercially available top-grade
21 engine oil.

22
23 Example 2
24

25 In this example a higher phosphorous level engine oil,

26 according to the invention, but containing only 0.2 wt. % of
27 the same thiocarbamate used in Example 1, was tested using
28 the SEQ VE test described in Example 1. A comparison

29 formulation was also tested. The two formulations were both
30 0.09 wt. % phosphorous, provided by zinc

.31 dialkyldithiophosphate; SAE 5W30 oils and were identical

32 except that Formulation 7 contained 0.2 wt. % thiocarbamate
33 - and 0.3 wt. % oxidation inhibitor whereas Formulation 8

34 contained no thiocarbamate and 0.8 wt. % oxidation



It has been found that the incorporation of the conpound of fornula (1) or
m xtures thereof into synthetic or mneral base oils provides lubricating
oi I s which provide excellent '

01
02
03
o4
05

06

07
08
09
10
11
"12
i3
14
15
16
17
18
19
20
21
22
23
24
25
26

27

28
29
30
a1
32

a3
34

-23=-

inhibitor. .The engine o0il formulations and the results'of
the testing are set forth in Table 2. '

Details of the additives used are described below. The base
oil was a paraffinic mineral oil having a viscosity index

value of 100. The engine o0il’s viscosity grade was SAE

SW30. Supplemental additives such as anti-foaming agents
were added.

Additives:

Metallic detergent - Mixture of overbased calcium phenate,
overbased calcium sulfonate and neutral calcium sulfonate.

Ashless dispersant - Boric acid-modified succinimide but
different from one in Example 1.

Thiocarbamate - Same as in Example 1.

ZnDTP -~ Zinc dialkyldifhiophosphate of secondary alkyl type
(alkyl carbon atom number: 4 to 6). '

Oxidation inhibjtor - Mixture of dialkyldiphenylamine and’
molybdenum inhibitor.

VI improver - Dispersant polymethacrylate type.
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wherein Rerr], Rerr], Rerr] and Rlerr] and (X) are as defined herein-
~above, are known conpounds and can be prepared by known procedures, and
i n some cases have been enpl oyed as vul cani zi ng accel erators and as
additives for gear oils and turbine oils and hence readily comercially
avai lable. Referring to the Rlerr], Rerr], Rerr] and R err] groups, the
al kyl group may be I|inear
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(straight chain) or branched chain and preferably have 1 through 10 carbon
atons, nore preferably 1 through 6 carbon atons. Typical al kyl groups

i nclude, for exanple, nethyl, ethyl, propyl, n-butyl, isobutyl, pentyl,

i sopentyl, heptyl, octyl, 2- ethylhexyl nonyl decyl, and dodecyl Typlcal
exanpl es of the thiocarbamate conpoundsof the formul a (1) are nethyl ene

bi s(di butyl di t hi ocarbamat e), bi s(di net hylthi ocar banoyl ) nonosul fi de,

bi s(di met hyl t hi ocar banoyl ) di sul fi de, bis(dibutylthiocarbanoyl)disulfide,

bi s(di anyl ti ocarbanoyl)di sul fide, and.bis(dioctylthiocarbanmoyl)disulfide.
These conpounds can be used singly or in conbination of two or nore
conmpounds in conbination with | ow | evel s=%¢~zinc di al kyl di t hi ophosphat es
and afford good wear and corrosion protection and al so have

01 As can be seen from the results shown in Table 2, at the
02 0.09 wt. % phosphorous level 0.2 wt. % thiocarbamate was
03 effective, in combination with the zinc -
04 dialkyldithiophosphate, to pass the SEQ VE fequirements,
05 whereas the identical composition containing the same amount
06 of zinc dialkyldithiophosphate but without the thiocarbamate
- 07 failed four of the six tests in the SEQ VE and partlcularly
08 so with respect to cam wear.
- 09
10 Obviously, many modifications and variations of the
11 invention described hereinabove or below can be made without
12 departing from the essence and'scope thereof.
13
14
1s
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34



good oi | solubility. The thiocarbanmate conpound is

* c L M s  *x
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-01  WHAT IS CLAIMED IS:

02
03
- 04
05
06
07

08 .

09
10
11
12
13
14
15
16
17
18
19
20
21

‘22
23
24
25
26
27

28

29
30
31

32

33
34

1.

A 1ow'phosphorous lubricating oil composition for

internal combustion engines, which comprises a major

amount of a base oil of lubricating viscosity, a wear
inhibiting and corrosion inhibiting effective amount of
a zinc diaikyldithiophosphate wear inhibitor and a
thiocarbamate antiwear agent selected from the group of
compounds having the formula:

R! S | S R

\ . /
N-C-(X) -C-N (1)

. \

R{ ] R4

wherein each of R', R}, R’ and R* independently
represents an alkyl group of 1-18 carbon atoms, and (X)
represents S, S-S, S-CH,-S, S~CH,CH,S, - '
S-CH,CH,CH,-S, or S~CH,-CH(CH;)~-S; and mixtures thereof,

and wherein the weight ratio of said thiocarbamate

. antiwear agent to said zinc dialkyldithiophosphate wear

inhibitor is in the range of about from 1:0.2 to 1:10
and wherein said composition has a phosphoroué content
of about from 0.03 to 0.09 wt. %, and wherein said
phosphorous content is attributable to the phosphorous
content of said zinc dialkyldithiophosphate.

The low phosphorous lubricating oil composition of
Claim 1 wherein said composition comprises an ashless
dispersant, ‘a metal-containing detergent, and a .
viscosity index improver. '

The low phosphorous lubricating oil composition of



- 8- ‘generally incorporated into base oils to give a conpounded engi ne
oil- containing 0.05-8 wt. % preferably 0.1-4 wt.. % nore preferably 0.5 - 2
w. % of the thiocarbamate conpound. In general, by increasing the anount
~of zinc dialkyldithiophosphate, |ower anobunts of thiocarbamate, within the

above described be use. We have found that excellent results
are obtai njmmw ulﬁﬂith engi ne protection and environnental |ow
phosphor oud' s0y using the thiocarbamate in conbination with

-28- -

01 Claim 2 wherein R', R?, R® and R! are 'indepehdently

02 . selected from alkyl groups having 1 to 6 carbon atoms.

03 |

04 4. The low phosphorous oil composition of Claim 1 wherein
- 05 ~ said thiocarbamate antiwear agent is methylene

06 bis(dibutyldithiocarbamate) and the zinc

07 dialkyldithiophosphate is a secondary alkyl type.'

o8 o

09 5. The low phosphorous oil composition of Claim 3 wherein

10 . said thiocarbamate antiwear agent is methylene

11 bis(dibutyldithiocarbamate) and the zinc

12 dialkyldithiophosphate is a secondary alkyl type.

13

14 6. The low phosphorous oil composition of Claim 1 wherein

15 the ratio of said thiocarbamate antiwear agent to said

16 " zinc dialkyldithiophosphate is in the range of 1:0.3 to

17 1:7. '

18 | |

19 7. The low phosphorous oil composition of Claim 5 wherein
.20 the ratio of said thiocarbamate antiwear agent to said

21 zinc dialkyldithiophosphate is in the range of 1:0.3 to

22 1:7. '

23

24 8. The low phosphorous lubricating oil composition of

25 Claim 1 wherein said composition contains 0.05 -

26 8 wt. % of said thiocarbamate antiwear agent.

27

28 9. The low phosphorous lubricating oil composition of

29 Claim 1 wherein said composition contains 0.1 - 4 wt. %

30 of said thiocarbamate antiwear agent. '

31

32 10. The low phosphorous lubricating oil composition of
33 Claim .l wherein said composition contains 0.2 - 2 wt. %
34 of said thiocarbamate antiwear agent.



very l'ow | evel s of zinc dialkyldithiophosphate. It is advantageous to use
the thiocarbamate and zinc dial kyl di thi ophosphate in conbination at
appropriate ratios su t hat the phosphorous content of the conpounded

engine oil is | essth mv\n % preferably no higher than 0.08 wt. %
and nore pref I \&‘\ Pyher than 0.06 wt. % and yet provides the
desired | e ar properties and oxidation inhibition. On the

ot her hand \\ yer*to ensure the high wear protection and corrosion

i nhibition ired by both today's and future engines, we have found that
the anount of zinc dial kyl dithi ophosphatggexpressed in terns of phosphorous
content should provide a phosphorous content of about from0.03 to 0.09 wt.
% preferably 0.04 to 0.08 wt. % based on the total weight of the

| ubricating-oil conposition. W have discovered that the weight ratio of

o1 11. An additive concentrate for use in internal combustion

02 engine oils comprising a zinc dialkyldithiophosphate
03  wear inhibitor and a thiocarbamate antiwear agent

04 selected from the group of compounds having the

05 formula:

06 '

07 R! s - R?

o8 ' \N-lll- (X) '-,c-N/ (I)

09 \

10 R R

11 : .

12 wherein each of R', R}, R’ and R* independently

13 represehts an alkyl group of 1-18 carbon atoms, and (X)
14 represents S, S-S, S-CH,~S, S-CH,~CH,-S, S-CH,-CH,-CH,-S,
15 ‘or S-CH,-CH(CH,)-S; and mixtures thereof, '

16 '

17 and a minor amount of ‘a compatible liquid diluent and -
18 wherein the weight ratio of said thiocarbamate antiwear
19 agent to said zinc dialkyldithiophosphate wear

20 inhibitor is in the range'of about from 1:0.2 to 1:10.
21 ' . :

22 12. The concentrate of Claim 11 wherein said concentrate
23 comprises a metal-containing detergent and an ashless
24 dispersant.

25 : .

26 13. The concentrate of Claim 11 wherein said thiocarbamate
27 antiwear agent is methylene

28 bis (dibutyldithiocarbamate) .

29 -

30 14. The concentrate of Claim 11 wherein the ratio_of said
31 thiocarbamate antiwear agent to said zinc
32 'dialkyldithiophosphate wear inhibitor is 1:0.3 to 1:7.
33

34



t he thi"ocarbamate conpound to the zinc dialkyldithi ophosphate shoul d
preferably be in the range of 1:01 to 1:20 and nore preferably in the range
of from1:0.2 to 1:10. Best results, in terns of the aforenentioned '
consi derations, are obtained when the |ubricating conposition has a
phosphorous content, furnished by the zinc dialkyldithi ophosphate, of from
0:05 to 0.07 wt. % and the weight ratio of the thiocarbamate conpound of
formula (1) to the zinc dial kyl dithi ophosphate is in the range of about

=-30-

01 15. The concentrate of Claim 12' wherein the ratio of said
'02 thiocarbamate antiwear agent to said zinc

03 dialkyldithiophosphate wear inhibitor is 1:0.3 to 1:7.
04 '

05

06 . .

07

08 .
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fronllfb.z to 1:10. (It'should per haps be noted that because of the
phosphorus catal yst poi soning problem that with the exception of zinc
di al kyl di t hi ophosphat e, that '
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ABSTRACT OF THE DISCLOSURE

A low phosphorous lubricating oil composition for internal
combustion eng-in.es comprising an alkylthiocarbamate compound
of the formula: '

R! S S R}
N-C- (X)) -C~N (1)
R R
wherein each of R!, R?, R?} 'and R* independently
represents an alkyl group of 1-18 carbon atoms, and (X)

represents S, S-S, S-CH,-S, S-CH,CH,-§S,
S-CH,CH,CH,-S, or S-CH,CH(CH;)-S,

‘and additive compositions and additive packages
-utilizing the above compound.
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of conpounds general ly having the fornmula
AND ADDITIVE COMPOSITIONS

L

_ BACKGROUND OF INVENTION
This invention relates to improved lubricating oils,

especially internal combustion engine lubricating oils, and
additives and additives mixtures enployable for the
preparation of such lubricating oils.

Automobile spark ignition and diesel engines have valve
train systems, including valves, cams and rocker arms which
present special lubrication concerns. It is extremely
important that the lubricant, i.e. the engine o0il, protects
these parts from wear. Further, it is important for engine
oils to suppress the production of deposits in the engines.
Such deposits are produced from non-combustibles and
incomplete combustibles of hydrocarbon fuels (e.gq.,

gasoline, diesel fuel oil) and by the deterioration of the
‘engine oil employed.

Engine o0ils use a mineral oil or a synthetic oil as a base
oil. However, simple base oils alone do not provide the
necessary propefties to provide the necessary wear
.protection, deposit control, etc. required to prbtect
internal combustion engines. Thus, base o0ils are formulated
with various additives, for. imparting auxiliary functions,
such as ashless dispersants, metallic detergents (i.e.,
metal-containing detergents), antiwear agents, antioxidants
(i.e., oxidation inhibitors), viscosity index improvers and

the like to give a compounded oil (i.e., a lubricating oil
composition).

A number of such engine o0il additives are known and employed
in practice. Zzinc dialkyldithiophosphates are, for example,
because of their favorable characteristics as an antiwear
agent and performance as an oxidation inhibitor, contained

e
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[err] wherein Rlerr], Rerr], Rerr] and Rerr] are
I ndependent!ly al kyl or al kyl phenyl . Typically the al kyl -
about from1 to 20 carbon atons, preferably 3 to 10 carbon atoﬁbﬁiﬁxiﬁgnWFSHEb
be straight chained or branched. In the present invention we have found

. 13 DEC 1996
. “{’!WH,WJM‘, T ———
in most all of the commercially available internal- Rt
composition engine oils, especially those used for

automobiles.

However, a problem has arisen with respect to the use of
zinc dialkyldithiophosphate, because phosphorous derivatives
poison catalyst components of catalytic converters. This is
a major concern, because effective catalytic converters are
needed to reduce pollution and to meet governmental
regulation designed to reduce toxic gases, such as
hydrocarbons, carbon monoxide, and nitrogen oxides, in
internal combustion engine exhaust emission. Such catalytic
converters generally use a combination of catalytic metals,
such as platinum or variations, and metal oxides and are
installed in the exhaust streams, e.g., the exhaust pipes of
automobiles, to convert the toxic gases to nontoxic gases.
As before mentioned these catalyst components are poisoned
by the phosphorous component, or the phosphorous
decomposition products of the zinc dialkyldithiophosphate;
and accordingly, the use of engine oils containing
phosphorous additives may substantially reduce the life and
effectiveness of catalytic converters. Therefore, it woﬁld
be desirable to reduce the phosphorous content in the engine

oils so as to maintain the activity and extend the life of
the catalytic converter.

There is also governmental and automotive industry pressure
towards reducing phoéphorous content; for example, United
States Military Standards MIL-L-46152E and the ILSAC
Standards defined by the Japanese and United States
Automobile Industry Association require engine oils to have
phosphorous content below 0.12 wt. %¥. The phosphorous
content in most high grade engine oils containing zinc
dialkyldithiophosphate is approximately 0.1 wt. %, and thus
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that very good results are obtained using zinc dialkyl dithi ophosphat es
wherein the R groups are branched al kyl having about 3 to Rgr ¥

variety of zinc dialkyldithi ophosphates are, for exanple,. ggﬁaggﬁlngﬁ EUT
article by M Born et al. entitled "Relationship between i¢hdm cal Structufe

and Effectiveness of Sone Metallic -3e ; 43 DEC 1996

i
7

e

neet the 0.12 wt% requirement. Nevertheless, it would be
jesirable to decrease the amount of zinc
iialkyldithiophosphate in lubricating oils still further,
thus reducing catalyst deactivation and hence increasing the
life and effectiveness of catalytic converters. However,
simply decreasing the amount of zinc dialkyldithiophosphate
presents problems because this necessarily lowers the
antiwear properties and oxidation inhibition properties of
the lubricating oil. Therefore, it is necessary to find a
way to reduce phosphorous content while still retaining the
antiwear and oxidation or corrosion inhibiting properties of
the higher phosphorous content engine oils.

In order to compensate for lowering the amount of zinc
dialkyldithiosphate, the use of other oxidation inhibitors
such as phenol derivatives and amine derivatives have been
studied. However, the use of such known oxidation
inhibitors in place of zinc dialkyldithiophosphate at best
only marginally satisfies' the required levels of antiwear
and oxidation inhibition. The use of magnésiuh sulfonate
detergents which are also effective to enhance the antiwear
properties in valve train systems has also been studied and,
in fact, some commercially available engine oils use a
magnesium sulfonate detergent. However, engine oils
containing a magnesium sulfonate detergent have drawbacks in
that crystalline precipitates are sometimes produced when
these engine oils are stored under humid or variable
temperature conditions for a long period of time. Such
precipitates may cause plugging of the filter which is
installed in the engine oil circulating system. Such
plugging is more likely to occur when a large amount of the
. magnesium sulfonate detergent is used so as to enhance the
desired antiwear properties. Thus, the use of magnesium
sulfonate detergents is not a satisfactory solution.
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-.10- D al kyl - and Di aryl -di t hi ophosphates in different Lubricated

Mechani sms", appearing in Lubrication Science 4-2 January +992

exanpl e pages 97-100. The base oil may be a mneral oil BEﬁEAGEﬁg}hggg

or a
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At the present time, demand for further decrease of
phosphorodus content is very high from the viewpoint of the
aforementioned problems. For instance, it is sometimes
desired to decrease the phosphorous content to levels below
the regulated upper limit and the 0.1 wt. % phosphorous
level of today’s better engine oil. This reduction cannot
be satisfied by the present measures in practice and still
meet the severe antiwear and corrosion inhibiting properties
required of today’s engine oils.

Thus, it would be desirable to develop lubricating oils, and
additives and additive packages therefore, having low levels
of phosphorous but which still provide the needed wear
protection and corrosion protection now provided by
lubricating oils having higher levels of zinc
dialkyldithiophosphate, but which do not suffer from the

disadvantages of the low phosphorous level lubricants
discussed above.

U.S. Patent No. 3,876,550 (issued 1975) discloses
lubricating compositions 6ontaining an alkylene
bis(dithiocarbamate), as an antioxidant, and a substituted
succinic acid as a rust inhibitor. The alkylene
dithiocarbamate is represented in the patent by the formula
RIR?N-C(S) -S-alkylene-S~C(S)-NRR‘. Example S of the patent
describes a crankcase lubricant containing a VI improver, an
ashless dispersant and methylene bis(dibutyldithiocarbamate).
The patent further teaches that the composition may also
contain various other additives, for example, detergents,
dispersants, VI improvers, extreme pressure agents, antiwear
additives, etc., as well as other oxidation inhibitors and
corrosion inhibitors (Col. 7, lines 35-55) and cites an
extensive list of extreme pressure agents, corrosion

—
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bl end of mineral oils and/or synthetic oils blended to give a base oil of
the desired internal conbustion engine oil viscosity. Typically,

individually the oils used as its base oil will have a visco arEre

about from 10 to 120 cST at 40[err]C and will be sel ected or éﬂAﬁiﬁiﬂVT‘Sh EJ
dependi ng on the desired end use and thg additives in the fipi i
give the desired grade of engine oil. P

Py e

_ referably, as well fs th -
t hi ocar bamat e conmpound and zi nc di al kyl di t hi ophosphat e and Hbasje oi%] l?EFng%
lubricating oil conposition will also contain various additi o+

| Mpar i g 3 it TaE {aREox {4 ﬁ%‘a’m{cﬁud’ﬁbalz&ﬁQ”EﬁFEEe det ergent s,

ashl ess di spersants V|sc05|ty |ndéx | Mpr.overs “an 10 grhve=
fini shed PRASRNATOLEROLF AGHE cffol. 8, lines 1-22).

The use of methylene bis(dibutyldithiocarbamafe) as an
oxidation inhibitor in'lubricating oils, in combination with
other ingredients, is also disclosed in U.S. Patent

Nos. 4,125,479 (1978) and 4,880,551 (1989).

U.S. Patent No. 4,879,054 (1989) is directed to cold
temperature greases and teaches using dithiocarbamates such
as Vanlube 7723, i.e., 4,4’-nmethylene bis(dithiocarbamate),
in such greases'tp provide extfeme pressure antiwear
properties (Col. 6, lines 18-28). Examples 13-18 (Col. 14,
lines 26-32) describe using Vanlube 7723 and
triarylphosphate as replacements for lead naphthenate and
zinc dithiophosphate. The use of dithioccarbamates as
extreme pressure antiwear additives is also taught by U.S.
Patent No. 4,859,352, and U.S. Patent No. 4,648,985 teaches
that the combination of dithiocarbamates with zinc

dithlophosphate and copper salts of carboxylic acid prov1de-
lubricants with extreme pressure properties.

SUMMARY OF E X JON

The present invention provides lubricating oil compositions
which provide high antiwear protection and oxidation-
corrosion .protection, but which have only low levels of
phosphorous, less than 0.1 wt. $ and preferably not more
than 0.08 wt %. Thus, the present lubricating compositions
are much more environmentally desirable than the higher
phosphorous lubricating compositions generally used in
internal combustion engines because they facilitate longer
catalytic converter life and activity and yet provide the
desired high wear protection and corrosion inhibition.

e —
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these additives are dissolved or dispersed. A variety of netal -

det er gent

and connerC|aIIy avail abl e. These additives, or their analqg

t he usual
phenate o
“phenate i

al kyl group of apprOX|nater 8-30 carbon atons. Generally :nbloyed alkallne

earth net
sul fonat e

s, ashl ess dispersant's, and viscosity index inprovemsg:a:

bl endi ng procedures. As the netal -containing dg
r a metal sulfonate is generat$éy enpl oyed. Prefers
s an alkaline earth nmetal salt of sulfide of aIkyIp

Hrte Hferdaf PRI, s e PoreR 585 80
lubricating viscosity and a wear inhibiting, corrosion

inhibiting effective amount of a thiocarbamate compound, or
mixture of compounds, having the formula:

N-C-(X) -C=-N (1)

wherein each of R!, R}, R’ and R*, independent of each
other, represents an alkyl group of 1-18 carbon atons,
and (X) represents S, S-S, S-CH,~-S, S-CH,CH,-S,
S-CH,CH,CH,~S, or S-CH,CH(CH;)-S,

and an amount of zinc dialkyldithiophosphate which provides
a phosphorous content, based on the total weight of the
lubricating composition, less than 0.1 and preferably not

exceeding 0.08 wt. %, and more preferably not exceeding 0.06
wt. %.

In another aspect the invention provides an additive package

composition or concentrate comprising one or more compounds

of formula (I) in an organic diluent liquid, for example;
base oil and preferably containing various other additives
desired in lubricating oil compositions such as, for
example, metal-containing detergents and ashless
dispersants.

FURTHER DESCRIPTION OF THE INVENTION AND EMBODIMENTS

It has been found that the incorporation of the compound of
formula (I) or mixtures thereof into synthetic or mineral
base oils provides lubricating oils which provide excellent

—

et qﬁmd
ThSe

\\\\\\\\\\\\\\\\\\\\\\\\

contalnlng




aromati c conmpound or a sulfonated m neral oil having a
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wear protection and corrosion inhibition in internal
combustion engines, especially if incorporated with low
levels of zinc dialkyldithiophosphates. The compounds of
formula (I) (hereafter referred to as thiocarbamates) i.e.

R! S s Fr
v P/
N-C- (X)) -C-NX . (1)
\ .
R‘/ o

wherein R!, R}, R} and R* and (X) are as defined herein-
above,

are known compounds and can be prepared by known procedures,
and in some cases have been employed as Julcanizing
accelerators and as additives for gear oils and turbine oils
and hence readily commercially available. Referring to the
R!, R?, R® and R* groups, the alkyl group may be linear
(straight chain) or branched chain and preferably have 1
through 10 carbon atoms,:more preferably 1 through 6 carbon
atoms. Typical alkyl groups include, for example, methyl,
ethyl, propyl, n-butyl, isobutyl, pentyl, isopentyl, heptyl,
octyl, 2-ethylhexyl, nonyl, decyl, and dodecyl. Typical
examples of the thiocarbamate compounds of the formula (I)
are methylene bis(dibutyldithiocarbamate),

-bis(dimethylthiocarbamoyl)monosulfide,.
bis(dimethylthiocarbamoyl)disulfide,
‘bis(dibutylthiocarbamoyl)disulfide,
bis(diamyltiocarbamoyl)disulfide, and
bis(dioctylthiocarbamoyl)disulfide. These compounds can be
used singly or in combination of two or more compounds in
combination with low levels of zinc dialkyldithiophosphates
and afford good wear and corrosion protection and also have
good o0il solubility. The thiocarbamate compound is

.-\‘
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nol ecul ar wei ght of approxi mately 400-600. Generally enployed al kaline

At

earth netals are also calcium nmagnesium and barium The 1 g@&féﬁﬂg
netal sul fonate can be used singly or in conbination. Also i FR&%MQ o
ot her netal -containing detergents such as salicyl ates, phosphorates and

napht henat es of al kaline earth netals. These detergents cah be 3DEGYOMS

singly or in conbination. The af or ementi®ned phenate and shul fonate can be
enpl oyed in conbination with these other netal -containing
met al - cont ai ni ng detergents can be of .a neutral type or ofjan over-based

bett er typgeﬂéiéhﬂgxa@.n@:'&gbﬂ'&& YAtHChREe 16914 UL dedmpolified

met al - cont ai ni ng
engine oil contalnlng 0.05-8 wt. %, preferably 0.1-4 wt. %

more preferably 0.5 - 2 wt. % of the thiocarbamate compound.
In general, by increasing the amount of zinc
dialkyldithiophosphate, lower amounts of thiocarbamate,
within the above described ranges, can be use.

We have found that excellent results are obtained in terms
of both engine protection and environmental low phosphorous
consideration by using the thiocarbamate in combination with
very low levels of zinc dialkyldithiophosphate. It is
advantageous to use the thiocarbamate and zinc
dialkyldithiophosphate in combination at appropriate ratios
such that the phosphorous content of the compounded engine
oil is less than 0.1 wt. %, preferably no higher than 0.08
wt. %, and more preferably not higher than 0.06 wt. %, and
yet provides the desired levels of antiwear properties and
oxidation inhibition. On the other hand, in order to
ensure the high wear protection and corrosion inhibition
required by both tbday's and future engines, we have found
that the amount of zinc dialkyldithiophosphate expressed in
terms of phosphorous coﬁtent should provide a phosphorous
content of about from 0.03 to 0.09 wt. %, preferably 0.04 to
0.08 wt. % based on the total weight of the lubricating oil
composition. We have discovered that the weight ratio of
the thiocarbamate compound to the zinc -
dialkyldithiophosphate should preferably be in the range of
1:01 to 1:20 and more preferably in the range of from 1:0.2
to 1:10. Best results, in terms of the aforementioned
considerations, are obtained when the lubricating
composition has a phosphorous content, furnished by the zinc
dialkyldithiophosphate, of from 0.05 to 0.07 wt. % and the
weight ratio of the thiocarbamate compound of formula (I) to
the zinc dialkyldithiophosphate is in the range of about
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generally incorporated into an engi ne oi

in an amount of '0.5-20 wt.

%

based on total weight of the engine oil (i.e., conpounded oil.) Althouoh

magnesi um salts of phenate and sul fonate may, in sone cases,

ant i wear
probl em

calciumsalts (e.g., phenates, sulfonat®s, etc.) in conbinat}o
t hi ocar bamat e conmpounds used in the present invention. Ex
ashl ess di spersants which may be used in t he present engine

or aIkenyI substlt su00|n|m
whi ch t he TZ98% 1138 L%\e"!&r?y'l 1 olF q:h

J

properties, they, as noted above, have a storage st =

ACKAANT SHE

In consideration of this problem it is generally pyefer

-y

rfﬁEtﬁgb‘f )

es of the

SO e S RS S

il are alkyl

Ln

PN,

because of the phosphorus catalyst poisoning problem, that

with the exception of zinc dialkyldithiophosphate, that

phosphorus containing compounds are avoided in such engine

oils, particularly those intended for use in automotive
engines. Thus, in the case of the present invention,
phosphorus content is calculated based on the zinc

dialkyldithiophosphate and its molecular phosphorus content,

and directly equates to zinc dialkyldithiophosphate
content.)

Zinc dialkyldithiophosphates are, of course, known wear
inhibiting agents and can be cbtained from commercial

sources or, if desired, prepared by known procedures. Aas is
well known, zinc dialkyldithiophosphates refer to a class of

compounds generally having the formula

RO S S or’
\l i/
P~S-2n-~-8S8-P
. / \
RSO OR?

wherein R’, R5, R’ and R are independently alkyl or
alkylphenyl.

Typically the alkyl group has about from 1 to 20 carbon

atoms, preferably 3 to 10 carbon atoms, and can be straight
chained or branched. In the present invention we have found

that very good results are obtained using zinc

dialkyldithiophosphates wherein the R groups are branched
alkyl having about 3 to 6 carbon atoms. A variety of zinc
dialkyldithiophosphates are, for example, described in an

article by M. Born et al. entitled "Relationship between
Chemical Structure and Effectiveness of Some Metallic
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approxi mately 700-3, 000. The derivatives of these dispersants, e.g.,

borated di spersants, may al so be used. The ashl ess di sper & noro)
i ncorporated into an engine oil in an amount of 0.5-15 wt kAéEﬁﬁg§{§thr

anount of the engine oil. Exanpl es of the viscosity index}inprovers are

pol y- (al kyl nethacryl ate), ethylene-propyl ene copol yner, Vi bR RE.I5
_10—

O
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Dialkyl- and Diaryl-dithiophosphates in different Lubricated

Mechanisms", appearing in Lubrication Science 4-2 January
1992, see for example pages 97-100.

The base oil may be a mineral oil or synthetic o0il or a
blend of mineral oils and/or synthetic oils blended to give
a base 0il of the desired internal combustion engine oil
viscosity. Typically, individually the oils used as its
base 0il will have a viscosity range of about from 10 to 120
cST at 40°C and will be selected or blended depending on the
desired eﬁd use and the additives in the finished o0il to
give the desired grade of engiﬁe oil.

Preferably, as well as the thiocarbamate compound and zinc
dialkyldithiophosphate and base o0il, the lubricating oil
composition will also contain various additives for
imparting auxiliary functions, for example, metal-containing
detergents, ashless dispersants, viscosity index improvers
and the like, to give a finished lubricating oil in which
these additives are dissolved or dispersed. A variety of
metal-containing detergents, ashless dispersants, and
viscosity. index improvers are known and commercially
available. These additives, or their analogous compounds,
can be employed for the preparation of the engine oils.of
the invention by the usual blending procedures.

As the petal-containing detergent, a metal phenate or a
metal sulfonate is generally employed. Preferably, the
metal phenate is an alkaline earth metal salt of sulfide of
alkylphenol having an alkyl group of approximately 8-30
carbon atoms. Generally employed alkaline earth metals are
calcium, magnesium and barium. Preferably the metal
sulfonate is an alkaline earth metal salt of a sulfonated
aromatic compound or a sulfonated mineral oil having a
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and styrene-butadi ene copolynmer. Viscosity index inpraovers af

di spersant type (having incredsed dispersancy) or nulti funcEREﬂ]ﬂ gm‘mg "
al so enpl oyed. These viscosity index inprovers can be used IHI}ES. A ?
conbi nation. The

13 DEC 1996
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molecular weight of approximately 400-600. Generally
employed-alkaline earth metals are also calcium, magnesium
and barium. The metal phenate and metal sulfonate can be
used singly or in combination. Also employed are other
metal-containing detergents such as salicylates,
phosphorates and naphfhenates of alkaline earth metals.
These detergents can be employed singly or in combination.
The aforementioned phenate and sulfonate can be employed in
combination with these other metal-containing detergents.
The metal-containing detergents can be of a neutral type or
of an over-based better type having an alkalinity value of
150 to 300 or more. The metal-containing detergent is
generally incorporated into an engine oil in -an amount of
0.5-20 wt. % based on total weight of the engine oil (i.e.,
compounded o0il). Although magnesium salts 6f'phenate and
sulfonate may, in some cases, enhance antiwear properties,
they, as.noted above, have a storage stability problem. In
consideration of this problem, it is generally preferred to
use calcium salts (e.g., phenates, sulfonates, etc.) in

combination with the thiocarbamate compounds used in the
present invention.

Examples of the ashless dispersants which may be used in ‘the
present engine oil are alkyl or alkenyl substituted
succinimides, succinic esters and benzylamines, in which the
alkyl or alkenyl group has a molecular weight of '
approximately 700-3,000. The derivatives of these
dispersants, e.g., borated dispersants, may also be used.
The ashless dispersant is generally incorporated into an

engine oil in an amount of 0.5-15 wt. % per total amount of.
the engine oil.

Examples of the viscosity index improvers are poély-(alkyl
methacrylate), ethylene-propylene copolymer, polyisoprene,
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anount of viscosity index inprover to be incorporated into the englne oi

varies wth viscosity requirenents of the engine oil, but—geret ERe
range of about 0.5 to 20% by wei ght of the total melght R}thﬂ nﬁ%ﬁéﬁﬁé“
| ubricating conposition. As well as the above additiveg, “ubricating

oi | conposition may contain various othﬁé_additives such ja g@@d%ﬁie
extrene pressure agents, corrosion inhibftors, rust inhibkitlors, friction

nodi fiers, anti-foam ng agents, and pour point depressant het oxidati o
i nhi bitors such as hindered phenols and other antiwear aggents can be us

i n conbi naiA@Ns ¥irkBnkheuthaeeAEPEEBL ByROFPOW s Obs { OF ek Thprovers
of dispersant type (having increased dispersancy) or
multifunctional type are also employed. These viscosity
index improvers can be used singly or in combination. The
amount of viscosity index improver to be incorporated into
the engine o0il varies with viscosity requirements of the
engine o0il, but generally in the range of about 0.5 to 20%

by weight of the total welght of the engine oil lubricating
composition.

As well as the above additives, the lubricating oil
composition may contain various other additives such as, for
example, extreme pressure agents, corrosion inhibitors, rust
inhibitors, friction modifiers, anti-foaming agents, and
pour point depressants. Other oxidation inhibitors such as
hindered phenols and other antiwear agents can be used in
combination with the thiocarbamate compound of formula (I).

In another embodiment of the invention, the thiocarbamate of
formula (I) and zinc dialkyldithiophosphate may be provided
as an additive package or concentrate which will be
incorporated into a base oil at a different site or time. *
The package will contain the two aforementioned components
in the weight ratio previously specified for incorporation
into the base o0il and generally will also contain a
compatible diluent or carrier liquid, e.g., base oil.
Typically a neutral oil having a viscosity of about

4-8.5 cST at 100°C preferably 4-6 cST at 100°C will be used
as the diluent, though synthetic oils, as well as other
organic liquids which are compatible with the additives and-
finished lubricating oil can also be used. The additive
package will also typically contain one or more of the
various other additives, referred to above, in the desired
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I n anot her enbodi nent of the invention, the t hi ocar bamat e of fornula (I)
and zinc dial kyl di t hi ophosphate may be provided as an addi 3

concentrate which will be incorporated into a base oil at

or time. The package will contain the two aforenenti oned cp

wei ght ratio previously specified for incorporation into t§ bqg§39r+pgpd
generally will also contain a conpati btes-diluent or carrier Jliquid, e.g
base oil. Typically a neutral oil having a viscosity of aho

100[err] C preferably 4-6 cST at 100[err]C will be used as {the dlluent,
t hough synthetic oils, as well as other organic |iquids which are
conpat i bl eappupts handdurEiess tanfaei hitakel dinacte fanhingitiomwidhs dhige

used. The paghisyeePamnbane el badkseiiypically contain one or more of the

Preferably, the additive concentrate comprlses a
metal-contalnlng detergent, an ashless dispersant and an
alkylthiocarbamate compound of the formula (I), zinc
dialkyldithiophosphate and optional components dissolved or
dispersed in an organic liquid diluent, at a high
concentration. The additive concentrate is preferably
prepared by mixing 100 weight parts of a metal-containing
detergeﬁt, 10-700 weight parts of an ashless dispersant, and
2-200 weight parts of the thiocarbamate compound of the
formula (I) plus a proportional amount of zinc
dialkyldithiophosphate. In some cases it may be desirable
to omit the viscosity index improver, depending on the
particular type, because of compatibility problems which may

occur at the high additive concentration used in the
additive package. '

A further understanding of the inventioﬁ can be had from the-
following non-limiting examples.

E ES

At present, the performances of engine oils are evaluated by
various bench scale tests and engine tests. Typical
standard engine tests are conducted according to
requirements of API service classifications. The maximum
class for engine oils of motor cars for service stations is
named API-SG. In order to pass the requirements defined in
API-SG, evaluations using engines fixed on beds, which are
named SEQ (sequence) IID, SEQ IIIE, SEQ VE, CAT 1H, and CRC
L-38 are generally conducted. In some instances a CAT 1H,

This Sheet Has Been Replaced
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vari ous ot her additives, referred to above, in the desired
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-14-

(fixed bed test for evaluating diesel oils) is alsq
conducted.

A4

The commercially available engine oils classified into
API-SG 0il contain zinc dialkyldithiophosphate in an amount
corresponding to the phosphorous content of approximately
0.1 wt. %. It has been observed that if the amount of zinc
dialkydithiophosphate is reduced so as to decrease the
phosphorous content, the resulting engine oils show poor
results in the evaluation of wear of valve train systems
defined in the SEQ IIIE test and the SEQ VE test, and also -
give poor results in the observation of viscosity increase
defined in the SEQ IIIE test. This means that such engine
oil fails to pass the level defined for the API-SG class.

Example 1

The most severe of the above mentioned tests is the SEQ VE
test and, accordingly, all of the formulated oils in this
example were tested using the SEQ VE test. 1In addition,  the
comnercial standard, comparative Formula No. 1 and

Formulation 5 of the present invention were also tested by
the SEQ IIIE test and CAT 1H, test.

The SEQ IIIE test is performed in a 3.6 liter, V-6 engine of
General Motors which is operated at 149°C (oil temperature)’
for 64 hours using lead-containing gasoline. This test is
conducted for examining oxidation stability of engine oils
at an elevated temperature and property of preventing wear
of valve train systems. This test measures viscosity
increase (%), o0il ring land deposit, piston skirt varnish,

average sludge, cam plus lifter wear (average) and cam plus
lifter wear (maximum). '

—_—
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-13- amounts and ratios to facilitate direct conbination v'kgufhp
requi site anount of base oil. Preferably, the additive concEREPlAEE? rd3 3
conprises a netal -containing detergent, an ashl ess di spersantja PE‘ALPMW S}EE]
al kyl-t hi ocar bamat e conpound of the fornmula (1), zinc dialkyld in?BEEhate
and optional conponents dissolved or dispersed in an organic {i[fui 1996

di luent, at a high concentration. The ad8~tive concentrate is erably
prepared by m xi ng 100 wei ght parts of a netal -contai ning

The CAT 1H, test is performed in 2.2 liter monocylinder
diesel engine of Caterpillar Inc. which is operated for
480 hours using gas oil containing 0.4% of sulfur. This
test is conducted for examining detergency at an elevated
temperature. This test measures TGF (top groove carben
£ill), WTD (weighted total demerit), each for 240 hours
operation and 480 hours operation.

The SEQ VE test is performed in a 2.3 liter engine of Ford
Motor Co. (L-4, OHC) using lead-free gasoline, which is
operated cyclicly for 288 hours. This test is made for
examining detergency for engines such as a tendency to
produce sludge in the operations at low and middle
temperatures as well as examining wear of.the valve train
system. If the wear of the valve train system is high, a
large amount of iron in the form of microparticles which are
produced through the wear of the valve train system are
dispersed in the engine oil employed so as to accelerate
production of sludge. This test measures engine sludge,
rocker cover sludge, engine varnish, piston skirt varnish,
cam wear (average) and cam wear (maximum) .

The engine oil formulations and the results of the testing
are set forth in Table 1. Also presented in Table 1 are the
pass limits for the respective engine tests in the form of
grading points (in terms of merit) or measured value.

Details of the additives used are described below. The base
oil was a paraffinic mineral oil having a viscosity index
value (VI value) of 100. The engine oil was formulated to
give viscosity conditions of SAE 10W30 defined in the API
Service Classification. Supplemental additives such as
anti-foaming agents were added if required.

\
\
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detergent, 10-700 wei ght parts of an ashless dispersant, and 2-200 wei ght
parts of the thiocarbamate conpound of the fornula (I) plus_a proportional
anount of zinc dial kyl di thiophosphate. In sone cases it mag o e
omt the viscosity index inprover, depending on the partlcl-gwj_f ,-
concentration used in the additive package. A further undgrst@gen
the invention can be had fromthe follow ng non-limting
EXAMPLES

aAdditives:

Metallic detergent - Metal-containing detergent
(nixture of overbased calcium sulfonate and neutral
calcium sulfonate).

Ashless dispersant - Boric acid-modified succinimide
(for the formulated engine oil No. 2 only,
polyisobutenyl succinic ester of 1 wt. % was added).

Thiocarbamate - Methylene bis(dibutyldithiocarbamate)
of the invention. '

ZnDTP - Zinc dialkyldithiophosphate of secondary alkyl
type (alkyl carbon atom number: 3 to 6).

Oxidation inhibitor - Organic oxidation inhibitor
(mixture of hindered phenol and dialkyldiphenylamine).

EP agent - Extreme pressure agent of sulfur type
(diparaffin sulfide).

VI improver - Viscosity index improver (dispersant type
ethylene-propylene copolymer).

Pour point depressant - of polymethacrylate type.
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At present, the performances of engine oils are eval uat ed by var| OlS..d ‘“%
scale tests and engine tests. Typical standard engine tesfS.a '
according to requirenments of APl service classifications.
for engine oils of nmotor cars for service fgfations is nang
order to pass the requirements defined in APl -SG eval uatilois
fi xed on beds, which are nanmed SEQ (sequence) 11D, SEQ IIIY
1H2 and CRC L-38 are generally conducted. In sonme instanceg
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is al so conduct ed.

(fixed bed test for evaluating diesel oils)
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The commercially available engine oils classified into API-SG oil contain

zi nc di al kyl di t hi ophosphate in an anpbunt correspondi ng to the phosphorous
content of approximately 0.1 wt. % It has been observed that

i f the anmount
of zinc dial kydit hi ophosphate i5 reduced so as to decrease the phosphorous
content, the resulting engine oils show poor results in the eval uation of

wear of valve train systens defined in the SEQIIIE test and the SEQ VE
test, and al so give poor

results in the obséBwati on of viscosity increase
defined in the SEQIIIE test. This neans that such engine oil fails to pass
the |l evel defined for the API-SG cl ass. Exanpl e
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The nost severe of the above nentioned tests is the SEQ VE test and
"accordingly, al

of the fornulated oils in this exanple were tested1using
the SEQ VE test. In addition,

t he commercial standard, conparative Formul a
No. 1 and Fornulation 5 of the present invention were also tested by the

SEQ II1E test and CAT 1H err] test. The SEQIIIE test is performed in a
3.6 liter, V-6 engine of General Mdtors which is operated at 149[err]C (oi
tenperature) for 64 hours using |ead-contaitéty gasol i ne.

This test is
conducted for exam ning oxidation stability of engine oils at an el evated
t enperature and propert

y of preventing wear of valve train systens. This
t est neasures v'scosit%
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camplus lifter wear (average) and camplus lifter wear (maximnmu

-15-

-21-

As can be seen from Table 1 seven formulated engine oils
were tested i.e., one a commercial engine oil meeting API-SG
requirements but having a phospyorous content of 0.1 wt. %
due to 1.3 wt. % zinc dialkyldithiophosphate and six test
formulations in which the zinc dialkyldithiophosphate
content was reduced to 0.7 wt. § thus reducing the
phosphorous content to 0.056 wt. %. Formulation Nos. 4 and
S represent compositions according to the present invention.
Formulation Nos. 1-3 represent comparative formulations
which do not contain a compound of formula (I). Formulation
No. 6 represents a formulation containing'the same
thiocarbamate as Formulation Nos. 4 and 5, but in a
substantially reduced amount. The only formulations which
passed all of the tests of the SEQ VE were the commercial
lubricating oil having a phosphorous content of 0.1 wt. %
and Formulation Nos. 4 and 5§ of the present invention.
Formulation No. 3 was identical to Formulation No. 4 with
the exception that-Formulation No. 4 contained 1 wt. % of
the thiocarbamate in accordance with the present invention,
whereas Formulation No. 3 had higher levels of an oxidation
inhibitor and an extreme pressure agent (1 wt. % versus

0.3 wt. % for Formulation No. 4), yet Formulation No. 3
failed four of the six tests. Formulation No. § was
identical to Comparative Formulation Nos. 1l and 2 with the
exception that Formulation No. 5 contained 0.7 wt. % of the
thiocarbamate, in accordance with the present invention,
whereas Formulation Nos. 1 and 2 contained higher levels of
the oxidation inhibitor and Formulation No. 2 also contained
more ashless dispersant. Again, Formulation Nos. 1 and 2
failed four of the six tests whereas Formulation No. 5
passed each test. Formulation No. 6 did not contain
sufficient thiocarbamate to provide the desired wear and
corrosion protection because of the very low amount of zinc
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The CAT 1H err] test is perfornmed in 2.2 liter nonocylinder
of Caterpillar Inc. which is operated for 480 hours using ga
containing 0.4% of sulfur. This test is conducted for exam nj ng det ergency
at an elevated tenperature. This test neasures TGF (top gro CHIBRC 199
fill), WD (weighted total denerit), each for 240 hours operjatji on and 48(?
hour s- oper ati on. The SEQ VE test is perfornmed in a 2.3 |itjerengrme—ef

Ford Motor Co. (L-4, OHC) using |ead-free gasoline, which i4_operated

cyclicly fai@Beybditisiophosphete (5.¢Bdadadiured as phosphorus 0.056
wt. %) L]

LACEVENT SHERT

Based on the test data set forth in Table 1, engine oil
No. 4 and No. 5 of the present invention satisfy the SEQ VE
requirements of API~SG (top grade for commercially available
engine oils), even though the phosphorous contents of thesé
engine oils are extremely low i.e., 0.056 wt. %. In
contrast, the engine oils No. 1, No. 2 and No. 3 containing
no thiocarbamate compound could not pass the pass limits set
for the API-SG classification. Particularly, the latter
engine oils showed apparently poorer performances in cam
wear and prevention of sludge, as compared with the
commercially available API-SG engine oil and the engine oil
according to the present invention. The engine o0ils of the
invention showed excellent performances in the anti-wear and
. oxidation inhibition characteristics even at a phosphorous
content reduced to about half of the generally adopted
content. The observed performances were almost the same as

those of a representative commercially available top-grade
engine oil.

Example 2

In this example a higher phosphorous level engine oil,
according to the invention, but containing only 0.2 wt. % of
the same thiocarbamate used in Example 1, was tested using -
the SEQ VE test described in Example 1. A comparison
formulation was also tested. The two formulations were both
0.09 wt. % phosphorous, provided by zinc
dialkyldithiophosphate, SAE SW30 oils and were identical
except that Formulation 7 contained 0.2 wt. % thiocarbamate
and 0.3 wt. % oxidation inhibitor whereas Formulation 8

contained no thiocarbamate and 0.8 wt-df/ffffﬁEigﬁ,,,,w,,,

ed
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exam ni ng detergency for engines such as a tendency to p

ogyce—storoer T
the operations at |ow and m ddl e tenperatures as well as RE%LAQ%E&# Egﬁ-rﬁg

the valve train system If the wear of the valve train sysfemis
| arge anobunt of iron in the formof mcroparticles whichjafe

ni gh,

\ \ _ ‘E!; DeacRds
through the wear of the valve train sysjgmare dispersedlih the engine ol
enpl oyed so as to accel erate production of sludge. This e£+—ﬁ%asures~

engi ne sludge, rocker cover sludge, engine varnish, piston skirt

var ni sh,

cam wear (average) and cam wear (maximum. The engi ne |

Tornmulations

and t he reinhilkibdrt heThesehginareitefofmulationsand the Aresneesefited in
Table 1 arg,ihe.passgl bkt SetOfottR [RSPEEi&VE, €Ngine tests in the form of

Details of the additives used are described below. The

base

oil was a paraffinic mineral oil having a viscosity index

value of 100. The engine o0il‘’s viscosity grade was SAE

SW30. ' Supplemental additives such as anti~foaming agents

were added.

Additives:

Metallic detergent - Mixture of overbased calcium phenate,
overbased calcium sulfonate and neutral calcium sulfonate.

Ashless dispersant - Boric acid-modified succinimide but
different from one in Example 1.

Thiocarbamate - Same as in Exanmple 1.

ZnDTP - Zinc dialkyldithiophosphate of secondary alkyl type -
(alkyl carbon atom number: 4 to 6).

Oxidation inhibitor - Mixture of dialkyldiphenylamine and
molybdenum inhibitor.

VI improver ~ Dispersant polymethacrylate type.

as Been Replaced
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et

grading points (in terns of nerit) or neasured val ue. Details of the
additives used are descri bed bel ow. The base oil was a paraffinic m neral
oil having a viscosity index value (VI value) of 100. The engine oil was
formul ated to give viscosity conditions of SAE 10WBO defined in the API
Service C assification. Supplenental additives such as anti-foam ng agents

were added if required. -24- REPLACEVEN J
. MENT SHEET
13 DEC 1996
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S e

- 16- Addi ti ves: Metal lic detergent- Metal-containing detergent
(m xture of overbased cal cium sul fonate and neutral cal ci um
sul fonat e) .

-25-~ ’
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Ashl ess di spersant - Boric acid-nodified succinimde

b el ¥ H
formul ated engine oil No. 2 only, pol yi sobut enyl succigE;LACEEEmn;sgﬁgT

wt. % was added). Thi ocar bamate - Met hyl ene .~

bi s(di but yl di t hi ocar banat e) of the invention. InhTP1 3 DEG 96
di al kyl di t hi ophosphat e. of secondary al k@6~ type (al kyl -{cdrbon atom
nunber: 3 to 6).

As can be seen from the results shown in Table 2, at the
0.09 wt. % phosphorous level 0.2 wt. % thiocarbamate was
effective, in combination with the zinc
dialkyldithiophosphate, to pass the SEQ VE requirements,
whereas the identical composition containing the same amount
of zinc dialkyldithiophosphate but without the thiocarbamate
failed four of the six tests in the SEQ VE and particularly
so with respect to cam wear.

Obviously, many modifications and variations of the
invention described hereinabove or below can be made without
departing from the essence and scope thereof.



Oxidation inhibitor - Organic oxidation inhibitor (m xture of hindered
phenol and di al kyl di phenyl am ne) . EP agent - Extrene pressure agent

of sulfur type (di paraffin sulfide). VI i npr ovef Vi Y
i ndex inprover (dispersant type et hyl ene- propyl ene cogp @N‘@N’I SHEE :
73 DEC 1995

Pour point depressant - of pol ymet hacr@7ate type.

WHAT IS CLAIMED IS:

1. A low phosphorous lubricating oil composition for
internal combustion engines, whicli comprises a major
amount of a base o0il of lubricating viscosity, a wear
inhibiting and corrosion inhibiting effective amount of
a zinc dialkyldithiophosphate wear inhibitor and a
thiocarbamate antiwear agent selected from the group of
compounds having the formula:

R! s s R
Y | |
 N-C-(X) -C-N (1)
: : \
R! R

wherein each of R!, R?, R® and R‘ independently
representé an alkyl group of 1-18 carbon'atoms, and (X)
represents 8, S-S, S-CH,~S, S-CH,CH,S,

S~CH,CH,CH,-S, or S—~CH,~CH(CH,)-S; and mixtures thereof,

and wherein the weight ratio of said thiocarbamate
antiwear agent to said zinc dialkyldithiophosphate wear
inhibitor is in the range of about from 1:0.2 to 1:10
and wherein said composition has a phosphorous content
of about from 0.03 to 0.09 wt. %, and wherein said
phosphorous content is attributable to the phosphorous
content of said zinc dialkyldithiophosphate.

2. The low phosphorous lubricating oil composition of
Claim 1 wherein said composition comprises an ashless
dispersant, a metal-containing detergent, and a
viscosity index improver.

3. The low phosphorous lubricating oil compdsition of

\
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Claim 2 wherein R!, R?, R’ and R* are independehtly
selected from alkyl groups having 1 to 6 carbon atoms.

The low phosphorous oil composition of Claim 1 wherein
said thiocarbamate antiwear agent is methylene
bis(dibutyldithiocarbamate) and the zinc
dialkyldithiophosphate is a secondary alkyl type.

The low phosphorous oil composition of Claim 3 wherein
said thiocarbamate antiwear agent is methylene
bis(dibutyldithiocarbamatg) and the zinc
dialkyldithiophosphate is a secondary alkyl type.

The low phosphorous oil composition of Claim 1 wherein
the ratio of said thiocarbamate antiwear agent to said

zinc dialkyldithiophosphate is in the range of 1:0.3 to
1:7.

The low phosphorous o0il composition of Claim 5 wherein
the ratio of said thiocarbamate antiwear agent to said -

zinc dialkyldithiophosphate is in the range of 1:0.3 to
1:7.

The low phosphorous lubricating oil composition of
Claim 1 wherein said composition contains 0.05 -
8 wt. % of said thiocarbamate antiwear agent.

The low phosphorous lubricating oil composition of
Claim 1 wherein said composition contains 0.1 - 4 wt. %
of said thiocarbamate antiwear agent.

The low phosphorous lubricating oil composition of
Claim 1 wherein said composition contains 0.2 - 2 wt. %
of said thiocarbamate antiwear agent.
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11. An additive concentrate for use in internal combustion
engine oils comprising a zinc dialkyldithiophosphate
wear inhibitor and a thiocarbamate antiwear agent

selected from the group of compounds having the
formula:

/
N-C=-(X) -C-N (1)

wherein each of R!, R}, R’ and R' independently
represents an alkyl group of 1-18 carbon atoms, and (X)
represents §, S-S, S-CH,~S, S-CH,~CH,~-S, S-CH,~-CH,-CH,-S,
or S—-CH,~CH(CH,;)-S; and mixtures thereof,

and a minor amount of a compatible liquid diluent and
wherein the weight ratio of said thiocarbamate antiwear
agent to said zinc dialkyldithiophosphate wear '
inhibitor ‘is in the range of about from 1:0.2 to 1:10.

12. The concentrate of Claim 11 wherein said concentrate

comprises a metal-containing detergent and an ashless
dispersant.

13. The concentrate of Claim 11 wherein said thiocarbamate
antiwvear agent is methylene
bis(dibutyldithiocarbanate).

14. The concentrate of Claim 11 wherein the ratio of said .
thiocarbamate antiwear agent to said zinc
dialkyldithiophosphate wear inhibitor is 1:0.3 to 1:7.

\
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15. The concentrate of claim 12, wherein the
ratio of said thiocarbamate antiwear agent to said zinc
dialkyldithiophosphate wear inhibitor is 1:0.3 to 1:7.

16. "The use of a thiocarbamate of the formula:

Ry S ) R3
AN | | /
N -C -(X)-C-N (1)
/ \
R2 r?

wherein each of Rl, Rz, R3 and Rr? independently
represents an alkyl group of from 1 to 18 carbon atoms
and (X) represents, S, S-S, S~CH,-S, S-~CH,CH-S, S-
CH,CH,CH,-S or S-CH,-CH(CH3)-S as an antiwear additive
in a lubricant composition comprising a major portion
of a lubricating oil.

gy

i
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LOW PHOSPHOROUS ENGINE OIL COMPOSITION AND ADDITIVE

COMPOSITIONS
BACKGROUND OF THE INVENTION

This invention relates to improved lubricating oils,
especially internal combustion engine lubricating oils, and
additives and additives mixtures employable for the
preparation of such lubricating oils.

Automobile spark ignition and diesel engines have valve
train systems, including valves, cams and rocker arms which
present special lubrication concerns. It is extremely
important that the lubricant, i.e. the engine o0il, protects
these parts from wear. Further, it is important for engine
oils to suppress the production of deposits in the engines.
Such deposits are produced from non-combustibles and
incomplete combustibles of hydrocarbon fuels (e.qg.,
gasoline, diesel fuel o0il) and by the deterioration of the
engine oil employed.

Engine oils use a mineral oil or a synthetic oil as a base
oil. However, simple base oilsialone do not provide the
necessary properties to provide the necessary wear
protection, deposit control, etc. required to protect
internal combustion engines. Thus, base oils are formulated
with various additives, for imparting auxiliary functions,
such as ashless dispersants, metallic detergents (i.e.,
metal-containing detergents), antiwear agents, antioxidants
(i.e., oxidation inhibitors), viscosity index improvers and
the like to give a compounded oil (i.e., a lubricating oil
composition).

A number of such engine oil additives are known and employed

_in'practice. 2Zinc dialkyldithiophosphates are, for example,

because of their favorable characteristics as an antiwear
agent ‘and performance as an oxidation inhibitor, contained
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in most all of the commercially available internal
composition engine oils, especially those used for
automobiles. '

However, a problem has arisen with respect to the use of
zinc dialkyldithiophosphate, because phosphorous derivatives
poison catalyst components of catalytic converters. This is
a major concern, because effective catalytic converters are
needed to reduce pollution and to meet governmental
requlation designed to reduce toxic gases, such as
hydrocarbons, carbon monoxide, and nitrogen oxides, in
internal combustion engine exhaust emission. Such catalytic
converters generally use a combination of catalytic metals,
such as platinum or variations, and metal oxides and are
installed in the exhaust streams, e.g., the. exhaust pipes of
automobiles, to convert the toxic gases to nontoxic gases.
As before mentioned these catalyst components are poisoned
by the phosphorous component, or the phosphorous .
decomposition products of the zinc dialkyldithiophosphate;
and accordingly, the use of engine oils containing
phosphorous additives may substantially reduce the life and
effectiveness of catalytic converters. Therefore, it would
be desirable to reduce the phosphorous content in the engine
oils so as to maintain the activity and extend the life of
the catalytic converter.

There is also governmental and automotive industry pressure
towards reducing phosphorous content; for example, United
States Military Standards MIL-L-46152E and the ILSAC
Standards defined by the Japanese and United States
Automobile Industry Association require engine oils to have
phosphorous content below 0.12 wt. %¥. The phosphorous.
content in most high grade engine oils containing zinc
dialkyldithiophosphate is approximately 0.1 wt. %, and thus



_As can be seen from Table 1 seven formul at ed engine oils were tested i.e.,
“one a commercial engine oil neeting API-SG requi renents but having a

phosphorous content of 0 .1 w. %due to 1.3 w. % zinc_
di al kyl di t hi ophosphate and six test fornulations i ﬁ%ﬁg

di al kyl di t hi ophosphate content was reduced to 0.7 RE

phosphorous content to 0.056 wt. % Formnul ati on Nos
conpositions according to the present invention. Fo
represent conparative formul ati ons which do not contiailn a
formula (1). Formulation No. 6 represenss a formul atli on containing th
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t hi ocarbamate as Fornulation Nos. 4 and”5, but in als t r educed

anount .

The only formnul ati ons whi ch passed al

of the tests of the SEQ VE

were the comercial lubricating oil having a phosphorous content of 0.1 wt.

%

meet the 0.12 wt% requirement. Nevertheless, it would be
desirable to decrease the amount of zinc
dialkyldithiophosphate in lubricating oils still further,
thus reducing catalyst deactivation and hence increasing the
life and effectiveness of catalytic converters. However,
simply decreasing the amount of zinc dialkyldithiophosphate
presents problems because this necessarily lowers the
antiwear properties and oxidation inhibition properties of
the lubricating oil. Therefore, it is necessary to find a
way to reduce phosphorous content while still retaining the
antiwear and oxidation or corrosion inhibiting properties of
the higher phosphorous content engine oils.

In order to compensate for lowering the amount of zinc
dialkyldithiosphate, the use of other oxidation inhibitors
such as phenol derivatives and amine derivatives have been
studied. However,.the use of such known oxidation
inhibitors in place of zinc dialkyldithiophosphate at best
only marginally satisfies the required levels of antiwear
and oxidation inhibition. The use of magnesium sulfonate
detergents which are also effective to enhance the antiwear
properties in valve train systems has also been studied and,
in fact, some commercially available engine oils use a

'magnesium sulfonate detergent. However, engine oils
- containing a magnesium sulfonate detergent have drawbacks in

that crystalline precipitates are sometimes produced when
these engine oils are stored under humid or variable
temperature conditions for a long period of time. Such
precipitates may cause plugging of the filter which is
installed in the engine o0il circulating system. Such
plugging is more likely to occur when a large amount of the
magnesium sulfonate detergent is used so as to enhance the
desired antiwear properties. Thus, the use of magnesiunm
sulfonate detergents is not a satisfactory solution.



and Formul ation Nos. 4 and 5 of the present invention. Formulation No. 3

“was identical to Fornmulation No. 4 with the exception that Formulati on No.
4 contained 1 wt. % of the thiocarbamate in accordance with the present

invention, whereas Fornulation No. 3 had higher |evelseobwaf—oxioatT

i nhibitor and an extrene pressure agent (1 w. % versu ?E?Eﬁ “”F%&fggf%?
Formul ation No. 4), yet Fornulation No. 3 failed four §fgTHe™STX tests;

Forrmul ation No. 5 was identical to Conparative Fornul atti @n Al yperd 2
with the exception that Formulation No. 5 contained O. §r§£ %gﬁo{i

t hi ocarbamate, in accordance with the present inventio -eaS
Fornmul ation Nos. 1 and 2 contai ned hlghé% | evel s of thg oxidation inhibitor
and Formul ation No. 2 also contained nore ashless disp artT—Agai n,

Formul ation Nos. 1 and 2 failed four of the six tests whereas Fornmul ation

No. 5 At the present time, demand for further decrease of
phosphorous content is very high from the viewpoint of the
aforementioned problems. For instance, it is sometimes
desired to decrease the phosphorous content to levels below
the requlated upper limit and the 0.1 wt. % phosphorous
level of todaY's better engine oil. This reduction cannot
be satisfied by the present measures in practice and still

meet the severe antiwear and corrosion inhibiting properties
required of today’s engine oils.

Thus, it would be desirable to develop lubricating oils, and
additives and additive packages therefore, having low levels
of phosphorous but which still provide the needed wear
protection and corrosion protection now provided by
lubricating oils having higher levels of zinc
dialkyldithiophosphate, but which do not suffer from the
disadvantages of the low phosphorous level lubricants
discussed above.

U.S. Patent No. 3,876,550 (issued 1975) discloses
lubricating compositions containing an alkylene
bis(dithiocarbamate), as an antioxidant, and a substituted
succinic acid as a rust inhibitor. The alkylene
dithiocarbamate is represented in the patent by the formula
R'R®™N-C(S) -S-alkylene-S-C(S)-NR’R'. Example 5 of the patent
describes a crankcase lubricant containing a VI improver, an
ashless dispersant and methylene bis(dibutyldithiocarbamate).
The patent further teaches that the composition may also
contain various other additives, for example, detergents,
dispersants, VI improveré, extreme pressure agents, antiwear
additives, etc., as well as other oxidation inhibitors and
corrosion inhibitors (Col. 7, lines 35-55) and cites an
extensive list of extreme pressure agents, corrosion



passed each test. Formulation No. 6 di'd not contain sufficient
“thi ocarbamate to provide the desired wear and corrosion protection because
of the very | ow anmount of zinc

inhibitors and antioxidants, including zinc sidlts of
phosphorodithoic acid (Col. 8, lines 1-22).

The use of methylehe bis(dibutyldithiocarbamate) as an
oxidation inhibitor in lubricating oils, in combination with
other ingredients, is also disclosed in U.S. Patent

Nos. 4,125,479 (1978) and 4,880,551 (1989).

U.S. Patent No. 4,879,054 (1989) is directed to cold
temperature greases and teaches using dithiocarbamates such
as Vanlube 7723, i.e., 4,4’-methylene bis(dithiocarbamate),
in such greases to provide extreme pressure antiwear
properties (Col. 6, lines 18-28). Examples 13-18 (Col. 14,
lines 26-32) describe using Vanlube 7723 and '
triarylphosphate as replacements for lead naphthenate and
zinc dithiophosphate. The use of dithiocarbamates as
extreme pressure antiwear additives is also taught by U.S.
Patent No. 4,859,352, and U.S. Patent No. 4,648,985 teaches
that the combination of dithiocarbamates with zinc
dithiophosphate and copper salts of carboxylic acid provide
lubricants with extreme pressure properties.

SUMMARY OF THE INVENTION

The present invention provides lubricating oil compositions
which provide high antiwear protection and oxidation-
corrosion protection, but which have only low levels of

. phosphorous, less than 0.1 wt. % and preferably not more
than 0.08 wt %. Thus, the present lubricating compositions
are much more environmentally desirable than the higher
phosphorous lubricating compositions generally used in
internal combustion engines because they facilitate longer
catalytic converter life and activity and yet provide the
desired high wear protection and corrosion inhibition.
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‘Based on the test data set forth in Table 1, engine ojl No. 4 and No. 5 of
the present invention satisfy the SEQ VE requirenents of API-SG (top grade
for commercially avail able engine oils), even though th BOLOUS. .o

contents of these engine oils are extremely lowi.e., 0 WCEMPRT AR
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The present lubricating composition comprises a base oil of
.lubricating viscosity and a wear inhibiting, corrosion
inhibiting effective amount of a thiocarbamate compound, or
mixture of compounds, having the formula:

R! s s R

/
N-C-(X)-C~-N (I)

R R

wherein each of R!, R}, R*® and R, independent of each
other, represents an alkyl group of 1-18 carbon atoms,
and (X) represents S, S-S, S-CH,-S, S-CH,CH,-S,
S-CH,CH,CH,~S, or S-CH,CH(CH;)-S,

and an amount of zinc dialkyldithiophosphate which provides
a phosphorous content, based on the total weight of the
lubricating composition, less than 0.1 and preferably not
exceeding 0.08 wt. %, and more preferably not exceeding 0.06
wt. %.

In another aspect the invention provides an additive package
composition or concentrate comprising one or more compounds
of formula (i) in an organic diluent liquid, for example,
base o0il and preferably contéining various other additives .
desired in lubricating oil compositions such as, for
example, metal-containing detergents and ashless
dispersants.

FURTHER DESCRIPTION OF THE INVENTION AND EMBODIMENTS

It has been found that the incorporation of the compound of
formula (I) or mixtures thereof into synthetic or mineral
base oils provides lubricating oils which provide excellent



contrast, the engine oils No. 1, No. 2 and No. 3 containing no
“t hi ocar bamat e conpound could not pass the pass limts set for
classification. Particularly, the latter engine oils showed-g
poorer performances in camwear and prevention of sl udge@ads
the comercially available API-SG engine oi |l and t hestayh
to the present invention. The engine oils of the in
performances in the anti-wear and oxidation inhibitid
at a phosphorous content reduced to about half of the\geperal

content.

representative commercially avail abl e tdp- grade engi ne

The observed perfornmances were al nost the sanms

wear protection and corrosion inhibition in internal
combustion engines, especially if incorporated with low
levels of zinc dialkyldithiophosphates. The compounds of
formula (I) (hereafter referred to as thiocarbamates) i.e.

R! S -] R}

\ / _
N-C-(X) -C-N (1)

wherein R!, R?, R’ and R* and (X) are as defined herein-
above,

are known compounds and can be prepared by known procedures,
and in some cases have been employed as vulcanizing
accelerators and as additives for gear oils and turbine oils
and hence readily commercially available. Referring to the
R!, R?, R® and R! groups, the alkyl group may be linear
(straight chain) or branched chain and preferably have 1
through 10 .carbon atoms, more preferably 1 through 6 carbon
atoms. Typical alkyl groups include, for example, methyl,
ethyl, propyl, n-butyl, isobutyl, pentyl, isopentyl, heptyl,
octyl, 2-ethylhexyl, nonyl, decyl, and dodecyl. Typical -
examples of the thiocarbamate compounds of the formula (I)
are methylene bis(dibutyldithiocarbamate),
bis(dimethylthiocarbamoyl)monosulfide,
bis(dimethylthiocarbamoyl)disulfide,

bis (dibutylthiocarbamoyl)disulfide,
bis(diamyltiocarbamoyl)disulfide, and
bis(dioctylthiocarbamoyl)disulfide. These compounds can be
used singly or in combination of two or more compounds in
combination with low levels of zinc dialkyldithiophosphates
and afford good wear and corrosion protection and also have
good oil solubility. The thiocarbamate compound is



Exampl e 2 In this exanple a higher phosphorous |evel engine oil,
“according to the invention, but containing only 0.2 wt. %of the same

t hi ocarbamate used in Exanple 1, was tested using the SEQ VE test described
in Exanple 1. A conparison formulation was also te "--qiheu-i:mw
formul ati ons were both 0.09 wt. % phosphorous, pro 'EtBAGiJQEﬁtﬁ ﬁEg
di al kyl di t hi ophosphate, SAE 5WB0 oils and were identifcar—egcept

Formul ation 7 contained 0.2 wt. % thiocarbamate and 0. 34 ;,wﬁgy.d?t on
I nhi bitor whereas Fornul ation 8 contained no thioc r)ana & ahd J

oxi dati on

%
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generally incorporated into base oils to give a compounded
engine oil containing 0.05-8 wt. %, preferably 0.1-4 wt. %
more preferably 0.5 - 2 wt. % of the thiocarbamate compound.
In general, by increasing the amount of zinc
dialkyldithiophosphate, lower amounts of thiocarbamate,
within the above described ranges, can be use.

We have found that excellent results are obtained in terms
of both engine protection and environmental low phosphorous
consideration by using the thiocarbamate in combination with
very low levels of zinc dialkyldithiophosphate. It is
advantageous to use the thiocarbamate and zinc
dialkyldithiophosphate in combination at appropriate ratios
such that the phosphorous content of the compounded engine
oil is less than 0.1 wt. %, preferably no higher than 0.08
wt. %, and more preferably not higher than 0.06 wt. %, and
yet provides the desired levels of antiwear properties and
oxidation inhibition. On the other hand, in order to
ensure the high wear protection and corrosion inhibition
required by both today’s and future engines, we have found
that the amount of zinc dialkyldithiophosphate expressed in
terms of phosphorous content should provide a phosphorous

. content of about from 0.03 to 0.09 wt. %, preferably 0.04 to
0.08 wt. % based on the total weight of the lubricating oil
composition. We have discovered that the weight ratio of
the thiocarbamate compound to the zinc
dialkyldithiophosphate should preferably be in the range of
1:01 to 1:20 and more preferably in the range of from 1:0.2
to 1:10. Best results, in terms of the aforementioned
considerations, are obtained when the lubricating
composition has a phosphorous content, furnished by the zinc
dialkyldithiophosphate, of from 0.05 to 0.07 wt. % and the
weight ratio of the thiocarbamate compound of formula (I) to
the zinc dialkyldithiophosphate is in the range of about
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from 1:0.2 to 1:10. (It should perhaps be noted that

because of the phosphorus catalyst poisoning problem, that

with the exception of zinc dialkyldithiophosphate, that

phosphorus containing compounds are avoided in such engine

oils, particularly those intended for use in automotive

. engines. Thus, in the case of the present invention,

phosphorus content is calculated based on the zinc

dialkyldithiophosphate and its molecular phosphorus content,

and directly equates to zinc dialkyldithiophosphate
content.) '

Zinc dialkyldithiophosphates are, of course, known wear
inhibiting agents and can be obtained from commercial

sources or, if desired, prepared by known procedures. As is
well known, zinc dialkyldithiophosphates refer to a class of

compounds generally having the formula

RO S - S OR’
\ I/
P-8§-2Z2n-S -P
/ \
R0 OR®
wherein R’, R®, R’ and R® are independently alkyl or
alkylphenyl.

Typically the alkyl group has about from 1 to 20 carbon

atoms, preferably 3 to 10 carbon atoms, and can be straight
chained or branched. 1In the present invention we have found

that very good results are obtained using zinc

dialkyldithiophosphates wherein the R groups are branched

alkyl having about 3 to 6 carbon atoms. A variety of zinc

dialkyldithiophosphates are, for example, described in an
article by M. Born et al. entitled "Relationship between

Chemical Structure and Effectiveness of Some Metallic




i nhibitor. The engine oil formulations and the results of the testing are

:set forth in Table 2. Details of the additives used are described bel ow.

The base oil was a paraffinic mneral oil having a viscosity index val ue of

100. The engine oil's viscosity grade was SAE 5WB0. SupP#eﬁBnLaL_adQLLjves

such as anti-foaning agents were added.  Additives: REPLACEN&%H‘SHHET
1234,

-10- | ]\l

Dialkyl- and Diaryl-dithiophosphates in different Lubricated

Mechanisms", appearing in Lubrication Science 4-2 January
1992, see for example pages 97-100.

The base 0il may be a mineral oil or synthetic oil or a
blend of mineral oils and/or synthetic oils blended to give
a base oil of the desired internal combustion engine oil
viscosity. Typically, individually the oils used as its
base 0il will have a viscosity range of about from 10 to 120
cST at 40°C and will be selected or blended depending on the
desired end use and the additives in the finished oil to
give the desired grade of engine oil.

Preferably, as well as the thiocarbamate compound and zinc
dialkyldithiophosphate and base oil, the lubricating oil
composition will also contain various additives for
imparting auxiliary functions, for example, metal-containing
detergents, ashless dispersants, viscosity index improvers
and tre like, to give a finished lubricating oil in which
these additives are dissolved or dispersed. A variety of
metal-containing detergents, ashless dispersants, and
viscosity index improvers are known and commercially
available. These additives, or their analogous compounds,
can be employed for the preparation of the engine oils of
the invention by the usual blending procedures.

As the metal-containing detergent, a metal phenate or a
metal sulfonate is generally employed. Preferably, the
metal phenate is an alkaline earth metal salt of sulfide of
alkylphenol having an alkyl group of approximately 8-30
carbon atoms. Generally employed alkaline earth metals are
calcium, magnesium and barium. Preferably the metal
sulfonate is an alkaline earth metal salt of a sulfonated
aromatic compound or a sulfonated mineral oil having a



Metallic detergent - M xture of overbased cal ci um phenate, overbased
:cal cium sul fonate and neutral cal ci um sul fonat e. Ashl ess dlsp»
Boric acid-nodified succinimde but-different fromone in Exag
Thi ocarbamate - Same as in Exanple 1.  ZnDTP - Zinc. d|aI&VQ§n
of secondary al kyl type (al kyl carbon atom nunber: -4 t g
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molecular weight of approximately 400-600. Generally
employed alkaline earth metals are also calcium, magnesium
and barium. The metal phenate and metal sulfonate can be
used singly or in combination. Also employed are other
metal-containing detergents such as salicylates,
phosphorates and naphthenates of alkaline earth metals.
These detergents can be employed singly or in combination.
The aforementioned phenate and sulfonate can be employed in
combination with these other metal-containing detergents.
The metal-containing detergents'can be of a neutral type or
of an over-based better type having an alkalinity value of
150 to 300 or more. The metal-containing detergent is
generally incorporated into an engine oil in an amount of
0.5-20 wt. % based on total weight of the engine oil (i.e.,
compounded o0il). Although magnesium salts of phenate and
sulfonate may, in some cases, enhance antiwear properties,
'they, as noted above, have a storage'stability problem. In
consideration of this problem, it is generally preferred to
use calcium salts (e.g., phenates, sulfonates, etc.) in
combination with the thiocarbamate compounds used in the
present invention.

Examples of the ashless dispersants which may be used in the
presént engine oil are alkyl or élkenyl substituted
succinimides, succinic esters and benzylamines, in which the
alkyl or alkenyl group has a molecular weight of
approximately 700-3,000. The derivatives of these
dispersants, e.g., borated dispersants, may also be used.
The ashless dispersant is generally incorporated into an
engine oil in an amount of 0.5-15 wt. % per total amount of
the engine oil.

Examples of the viscosity index improvefs are poly-(alkyl
methacrylate), ethylene-propylene copolymer, polyisoprene,



Oxi dation inhibitor - Mxture of dialkyldiphenylam ne and nnlybdehum
~inhibitor. VI inprover - Dispersant polynethacryl ate type.
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and styrene-butadiene copolymer. Viscosity index improvers
of dispersant type (having increased dispersancy) or
multifunctional type are also employed. These viscosity
index improvers can be used singly or in combination. The
amount of viscosity index improver to be incorporated into
the engine oil varies with viscosity requirements of the
engine oil, but'generally in the range of about 0.5 to 20%
by weight of the total weight of the engine oil lubricating
composition.

As well as the above additives, the lubricating oil
composition may contain various other additives such as, for
example, extreme pressure agents, corrosion inhibitors, rust
inhibitors, friction modifiers, anti-foaming agents, and
pour point depressants. Otherloxidation inhibitors such as
hindered phenols and other antiwear agents can be used in
combination with the thiocarbamate compound of formula (I).

In another embodiment of the invenfion, the thiocarbamate of
formula (I) and zinc dialkyldithiophosphate may be provided
as an additive package or concentrate which will be
incorporated into a base oil at a different site or time.
The package will contain the two aforementioned components
in the weight ratio previously specified for incorporation
into the base o0il and generally will also contain a
compatible diluent or carrier liquid, e.g., base oil.
Typically a neutral oil having a viscosity of about

4-8.5 cST at 100°C preferably 4-6 cST at 100°C will be used
as the diluent, though syhthetic oils, as well as other
organic liquids which are compatible with the additives and
finished lubricating oil can also be used. The additive
package will also typically contain one or more of the
various other additives, referred to above, in the desired
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amounts and ratios to facilitate direct combination with the
requisite amount of base oil. '

Preferably, the additive concentrate comprises a
metal-containing detergent, an ashless dispersant and an
alkylthiocarbamate compound of the formula (I), zinc
dialkyldithiophosphaﬁe and optional components dissolved or
dispersed in an organic liquid diluent, at a high '
concentration. The additive concentrate is preferably
prepared by mixing 100 weight parts of a metal-containing
detergent, 10-700 weight parts of an ashless dispersant, and
2-200 weight parts of the thiocarbamate compound of the
formula (I) plus a proportional amount of zinc
dialkyldithiophosphate. In some cases it may be desirable
to omit the viscosity index improver, depending on the
particular type, because of compatibility problems which may
occur at the high additive concentration used in the
additive package. '

A further understanding of the invention can be had from the
following non-limiting examples.

EXAMPLES
At present, the performances of engine oils are evaluated by

various bench scale tests and engine tests. Typical
standard engine tests are conducted according to

- requirements of API service classifications. The maximum

class for engine oils of motor cars for service stations is
named API-SG. In order to pass the requirements defined in
API-SG, evaluations using engines fixed on beds, which are
named SEQ (sequence) IID, SEQ IIIE, SEQ VE, CAT 1lH, and CRC
L-38 are generally conducted. In some instances a CAT 1H,
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(fixed bed test for evaluating diesel oils) is also
conducted.

The commercially available engine oils classified into
API-SG oil contain zinc dialkyldithiophosphate in an amount
corresponding to the phosphorous content of approximately
0.1 wt. %. It has been observed that if the amount of zinc
dialkydithiophosphate is reduced so as to decrease the
phosphorous content, the resulting engine oils show poor
results in the evaluation of wear of valve train systems
defined in the SEQ IIIE test and the SEQ VE test, and also
give poor results in the observation of viscosity increase

~ defined in the SEQ IIIE test. This means that such engine

oil fails to pass the level defined for the API-SG class.

Example 1

The most severe of the above mentioned tests is the SEQ VE
test and, accordingly, all of the formulated oils in this
example were tested using the SEQ VE test. 1In addition, the

. commercial standard, comparative Fofmula No. 1 and

Formulation 5 of the present invention were also tested by
the SEQ ITIE test and CAT 1H, test.

The SEQ IIIE test is performed in a 3.6 liter, V-6 engine of
General Motors which is operated at 149°C (oil temperature)
for 64 hours using lead-containing gasoline. This test is
conducted for examining oxidation stability of engine oils
at an elevated temperature and property of preventing wear
of valve train systems. This test measures viscosity
increase (%), oil ring land deposit, piston skirt varnish,
average sludge, cam plus lifter wear (average) and cam plus
lifter wear (maximum).
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The CAT 1H, test is performed in 2.2 liter monocylinder
diesel engine of Caterpillar Inc. which is operated for
480 hours using gas oil containing 0.4% of sulfur. This
test is conducted for examining detergency at an elevated
temperature. This test measures TGF (top groove carbon
£ill), WTD (weighted total demerit), each for 240 hours
operation and 480 hours operation.

The SEQ VE test is performed in a 2.3 liter engine of Ford
Motor Co. (L-4, OHC) using lead-free gasoline, which is
operated cyclicly for 288 hours. This test is made for
examining detergency for engines such as a tendency to
produce sludge in the operations at low and middle
temperatures as well as examining wear of the valve train
system. If the wear of the valve train system is high, a
large amount of iron in the form of microparticles which are
produced through the wear of the valve train system are
dispersed in the engine oil employed so as to accelerate
production of sludge. This test measures engine sludge,
rocker cover sludge, engine varnish, piston skirt varnish,
cam wear (average) and cam wear (maximum).

The engine oil formulations and the results of the testing
are set forth in Table 1. Also presented in Table 1 are the
pass limits for the respective engine tests in the form of
grading points (in terms of merit) or measured value.

Details of the additives used are described below. The base
0il was a paraffinic mineral oil having a viscosity index
value (VI value) of 100. The engine o0il was formulated to
give viscosity conditions of SAE 10W30 defined in the API
Service Classification. Supplemental additives such as
anti-foaming agents were added if required.



- 26- As can be seen fromthe results shown in Table 2, at the 0.09 wt. %
‘phosphorous level 0.2 w. % thiocarbamate was effective, in conblnathp

wi th the zinc dial kyl dithi ophosphate, to pass the SEQ VE reqU|rengﬂLs X
whereas the identical conposition containing the sane annua; > Gk Eﬁ
di al kyl di t hi ophosphate but wi thout the thiocarbamate fgizte

tests in the SEQ VE and particularly .
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Additives:

Metallic detergent - Metal-containing detergent
(mixture of overbased calcium sulfonate and neutral
calcium sulfonate).

Ashless dispersant - Boric acid-modified succinimide

(for the formulated engine oil No. 2 only,
polyisobutenyl succinic ester of 1 wt. % was added).

Thiocarbamate - Methylene bis(dibutyldithiocarbamate)
of the invention.

ZnDTP -~ Zinc dialkyldithiophosphate of secondary alkyl
type (alkyl carbon atom number: 3 to 6).

Oxidation inhibitor - Organic oxidation inhibitor
(mixture of hindered phenol and dialkyldiphenylamine).

EP_agent - Extreme pressure agent of sulfur type
(diparaffin sulfide).

VI improver - Viscosity index improver (dispersant type
ethylene-propylene copolymer).

Pour point depressant - of polymethacrylate type.



SO With respect to cam wear. Qovi ously, many nodifications and vari ations
I nvention descri bed herei nabove or bel ow can be nade w t hout
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departing fromthe essence and scope thereof.
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I nhi biting and corrosion inhibitihg effective anount of a zinc

-di al kyl di t hi ophosphate wear inhibitor and a t hi ocarbamat e anti wear
agent selected fromthe group of conpounds having the formula: [err]
wherein each of Rlerr], Rerr], Rerr] and Rerr] indep ﬂd§nt+u —
represents an al kyl group of 1-18 carbon atoms, and (X) Rﬁﬂﬁﬁﬂﬁﬁiﬁgeﬁﬁﬁfﬁ,
S-S S-CHerr]-S SCHerr]CHerr]S, _19- '
' 17 VAR 1°97
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S—éH[err]CH[err]CH[err]-S, or SSCH err]-CH(CH err])-S; and m xtures

- t her eof and wherein the weight ratio of said thiocarbanate
antiwear agent to said zinc dialkyldithiophosphate wear inhibitor is
in the range of about from11:0.2 to 1:10 and wherein said conposition
has a phosphorous content of about from0.03 to s i) .
wherein said phosphorous content isgttributable &éﬁiﬂkzﬁﬁﬁgbr I
content of said zinc dialkyldithiophosphate. 2. Thg ljow phosphor ous
| ubricating oil conposition of Caim1 wherein said cqrmesttpen
conpri ses an ashl ess di spersant, a netal -containijng detergent, and]a
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vi scosity index inprover. 3. The | ow phosphorous | ubricating oil
‘conposi tion of e

REPLACEMENT SHE
17 MAR B

E B RS

B

-21-

As can be seen from Table 1 seven formulated engine oils
were tested i.e., one a commercial engine oil meeting API-SG
requirements but having a phosphorous content of 0.1 wt. %
due to 1.3 wt. % zinc dialkyldithiophosphate and six test
formulations in which the zinc dialkyldithiophosphate
content was reduced to 0.7 wt. % thus reducing the
phosphorous content to 0.056 wt. %. Formulation Nos. 4 and
5 represent compositions according to the present invention.
Formulation Nos. 1-3 represent comparative formulations
which do not contain a compound of formula (I). Formulation
No. 6 represents a formulation containing the same
thiocarbamate as Formulation Nos. 4 and 5, but in a
substantially reduced amount. The only formulations which
passed all of the tests of the SEQ VE were the commercial
lubricating oil having a phosphorous content of 0.1 wt. %
and Formulation Nos. 4 and 5 of the present invention.
Formulation No. 3 was identical to Formulation No. 4 with
the exception that Formulation No. 4 contained 1 wt. % of
the thiocarbamate in accordance with the present invention,
whereas Formulation No. 3 had higher levels of an oxidation
inhibitor and an extreme pressure agent (1 wt. % versus

0.3 wt. $ for Formulation No. 4), yet Formulation No. 3
failed four of the six tests. Formulation No. 5 was
identical to Comparative Formulation Nos. 1 and 2 with the
exception that Formulation No. § contained 0.7 wt. % of the
thiocarbamate, in accordance with the present invention,
whereas Formulation Nos. 1 and 2 contained higher levels of
the oxidation inhibitor and Formulation No. 2 also contained
more ashless dispersant. Again, Formulation Nos. 1 and 2
failed four of the six tests whereas Formulation No. 5
passed each test. Formulation No. 6 did not contain
sufficient thiocarbamate to provide the desired wear and
corrosion protection because of the very low amount of zinc



- 28- Claim2 wherein Rerr], Rerr], New]aMl{ﬂﬂ are Y

i ndependent |y sel ected from al kyl groups having 1 t mﬁhganben*arn

4. The | ow phosphorous oil conposition of Caim1 wherel 1:§E£E%r&1 bhu }
t hi ocar bamat e anti wear agent i s nethyl ene bis(dibut' ' rHanat 4 );
and the zinc di al kyl di t hi ophosphate is a secondary ylxg%pg:“;* i

-22=

dialkyldithiophosphate (i.e., measured as phosphorus 0.056
.wk. %). :

Based on the test data set forth in Table 1, engine oil

No. 4 and No. 5 of the present invention satisfy the SEQ VE
requirements of API-SG (top grade for commercially available
engine oils), even though the phosphorous contents of these
engine oils are extremely low i.e., 0.056 wt. %¥. 1In
contrast, the engine oils No. 1, No. 2 and No. 3 containing
no thiocarbamate compound could not pass the pass limits set
for the API-SG classification. Particularly, the latter
engine oils showed apparently poorer performances in cam
wear and prevention of sludge, as compared with the
commercially available API-SG engine oil and the engine oil
according to the present invention. The engine oils of the
invention showed excellent performances in the anti-wear and
oxidation inhibition characteristics even at a phosphorous
content reduced to about half of the generally adopted
content. The observed performances were almost the samé as
those of a'representative commercially available top-grade
engine oil.

Example 2

In this example a higher phosphorous level engine oil,
according to the invention, but containing only 0.2 wt. % of
the same thiocarbamate used in Example 1, was tested using
the SEQ VE test described in Example 1. A comparison
formulation was also tested. The two formulations were both
0.09 wt. % phosphorous, provided by zinc
dialkyldithiophosphate, SAE 5W30 oils and were identical
except that Formulation 7 contained 0.2 wt. % thiocarbamate
and 0.3 wt. % oxidation inhibitor whereas Formulation 8
contained no thiocarbamate and 0.8 wt. % oxidation



5. The | ow phosphorous oil conposition of Caim3 wherein sai d
-thGOfﬁrbanate anthme?L ?genL ishnethylene bls(dlbutyldlthlocarbanatg)
an e zinc i al kyl di t hi ophosphate is a secondary alf&¥l: T e P
| ow phosphorous oil conposition of Claim1 wherein tJE-LLk- ﬁﬁm%%ngiﬁ
t hi ocar bamat e anti wear agent to said .zinc dial kyl di t Bi dphosphate is

the range of 1:0.3 to 1:7. 7. The | ow phosphorous dil c&ﬂﬂ@ﬁkﬂ@mﬁ (f
Claim5 wherein

-23-

inhibitor. The engine o0il formulations and the results of
the testing are set forth in Table 2.

Details of the additives used are described below. The base
0il was a paraffinic mineral oil having a viscosity index
value of 100. The engine oil’s viscosity grade was SAE
5W30. Supplemental additives such as anti-foaming agents
were added.

Additives:

Metallic detergent - Mixture of overbased calcium phenate,
overbased calcium sulfonate and neutral calcium sulfonate.

Ashless dispersant - Boric acid-modified succinimide but
different from one in Example 1.

Thiocarbamate - Same as in Example 1.

ZnDTP - Zinc dialkyldithiophosphate of secondary alkyl type
"(alkyl carbon atom number: 4 to 6).

oxidation inhibitor - Mixture of dialkyldiphenylamine and
molybdenum inhibitor.

VI improver - Dispersant polymethacrylate type.



the ratio of said thiocarbamate anti wear agent to said zi nc

-di al kyl di t hi ophosphate is in the range of 1:0.3 to 1:7. 8. The | ow
phosphorous | ubricating oil conposition of Claim1 wherein said
conposition contains 0.05 - 8 WM. % of said thiocarbanmate antiwear
agent . 9. The | ow ph ubricating oil comnposition of Caim1l
wherein said cen A@;q@\ﬂo b 0.1 -4wm. % of sai d thiocarbamate
anti wear agent Ef&b
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11. An additive concentrate for use in internal conbustion engine oils
‘conprising a zinc dial kyl dithi ophosphate wear inhibitor and a
t hi ocar bamat e anti wear agent selected fromthe grou ounds

havi ng t he formula: [err] REQ&QQE@&%H‘§§E§"7

-28-

As can be seen from the results shown in Table 2, at the
0.09 wt. % phosphorous level 0.2 wt. % thiocarbamate was
effective, in combination with the zinc '
dialkyldithiophosphate, to pass the SEQ VE requirements,
whereas the identical composition containing the same amount
of zinc dialkyldithiophosphate but without the thiocarbamate
failed four of the six tests in the SEQ VE and particularly
so with respect to cam wear.

Obviously, many modifications and variations of the
invention described hereinabove or below can be made without
departing from the essence and scope thereof.



wherein each of Rerr], Rerr], Rerr] and R err] independently
‘represents an al kyl group of 1-18 carbon atons, and (X represents S,
S-S, S-CHerr]-S, S-CHerr]-CHerr]-S, SSCHerr]-CHerr]-CHerr]-S, or
S-CHerr]-CHCH err])-S; and m xtures thereof, and a m nor _anpunt. .of

a conpatible liquid diluent and wherein the wei ght raqgggﬁéng SHEET

t hi ocar bamat e | agent to said zinc dialkyldith

i nhi bM of about from1:0.2 to 1:10.
A O [
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- WHAT IS CLAIMED IS:

1. A low phosphorous lubricating oil composition for
internal combustion engines, which comprises a major
amount of a base oil of lubricating viscosity, a wear
inhibiting and corrosion inhibiting effective amount of
a zinc dialkyldithiophosphate wear inhibitor and a
thiocarbamate antiwear agent selected from the group of
compounds having the formula:

R s s R
| I/
N-C-(X) -C-~-N (I)

o R*
wherein each of R!, R?, R® and R' independently
represents an alkyl group of 1-18 carbon atoms, and (X)
represents S, S-S, S-CH,-S, S-CH,CH,S,
S-CH,CH;CH,-S, or S-CH,-CH(CH;)-S; and mixtures thereof,

and wherein the weight ratio of said thiocarbamate
antiwear agent to said zinc dialkyldithiophosphate wear
inhibitor is in the range of about from 1:0.2 to 1:10
and wherein said composition has a phosphorous content
of about from 0.03 to 0.09 wt. %, and wherein said
phosphorous content is attributable to the phosphorous
content of said zinc dialkyldithiophosphate.

2. The low phosphorous lubricating oil composition of
Claim 1 wherein said composition comprises an ashless
dispersant, a metal-containing detergent, and a
viscosity index improver.

3. The low phosphorous lubricating 0il composition of



12. The concentrate of Claim1ll mhereih sai d concentrate

net al - cont ai ni ng detergent and an ashl ess di sper sant

concentrate of Claim 11l wherein said thiocarbamate a

nmet hyl ene bi s(di butyl di t hi ocarbanat e). 14. The con

11 wherein the ratio of said t hi ocar bamat e anti wear

di al kyl di t hi ophosphate wear inhibitor is 1:0.3 to 1:7.
I

conprises a

. 13. The
pidadiear__agent is..

9
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Claim 2 wherein R!, R?, R’ and R* are independently
selected from alkyl groups having 1 to 6 carbon atoms.

4. The low phosphorous oil composition of Claim 1 wherein
said thiocarbamate antiwear agent is methylene

bis(dibutyldithiocarbamate) and the zinc

dialkyldithiophosphate is a secondary alkyl type.

5. The low phosphorous oil composition of Claim 3 wherein

said thiocarbamate antiwear agent is methylene

bis (dibutyldithiocarbamate) and the zinc

dialkyldithiophosphate is a secondary alkyl type.

6. The low phosphorous oil composition of Claim 1 wherein

the ratio of said thiocarbamate antiwear agent to said

zinc dialkyldithiophosphate is in the range of 1:0.3 to

1:7.

7. The low phosphorous oil composition of Claim 5 wherein
the ratio of said thiocarbamate antiwear agent to said
zinc dialkyldithiophosphate is in the range of 1:0.3 to

1:7.

8. The low phosphorous lubricating oil composition of

Claim 1 wherein said composition contains 0.05 -

8 wt. % of said thiocarbamate antiwear agent.

9. The low phosphorous lubricating oil composition of

Claim 1 wherein said composition contains 0.1 - 4 wt. %

of said thiocarbamate antiwear agent.

10. The low phosphorous lubricating oil composition of

Claim 1 wherein said composition contains 0.2 - 2 wt. %

of said thiocarbamate antiwear agent.




11.

12.

13.

14.
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An additive concentrate for use 1in internal combustion
engine oils comprising a zinc dialkyldithiophosphate
wear inhibitor and a thiocarbamate antiwear agent
selected from the group of compounds having the
formula:

R! S S R®
/
N-C-(X) -C-N (1)
\
R! R

wherein each of R!, R}, R® and R' independently
represents an alkyl group of 1-18 carbon atoms, and (X)
represents S, S-S, S-CH,~S, S-CH,~CH,-S, S-CH,-CH,-CH,-S,
or S-CH,-CH(CH,;) -S; and mixtures thereof,

and a minor amount of a compatible liquid diluent and
wherein the weight ratio of said thiocarbamate antiwear
agent to said zinc dialkyldithiophosphate wear
inhibitor is in the range of about from 1:0.2 to 1:10.

The concentrate of Claim 11 wherein said concentrate
comprises a metal-containing detergent and an ashless
dispersant.

The concentrate of Claim 11 wherein said thiocarbamate
antiwear agent is methylene
bis(dibutyldithiocarbamate) .

The concentrate of Claim 11 wherein the ratio of said
thiocarbamate antiwear agent to said zinc
dialkyldithiophosphate wear inhibitor is 1:0.3 to 1:7.



15. The concentrate of Claim 12 wherein the ratio of said t hi ocar bamat e
»antiwear agent to said zinc di al kyl di t hi ophosphate wear inhibitor is
1:0.3 to 1:7.

cooe RN TARTERR O

15. The concentrate of Claim 12 wherein the ratio of said
thiocarbamate antiwear agent to said zinc
dialkyldithiophosphate wear inhibitor is 1:0.3 to 1:7.
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LOW PHOSPHOROUS ENGINE OIL COMPOSITION AND ADDITIVE
COMPOSITIONS

ABSTRACT OF THE DISCLOSURE

A low phosphorous lubricating oil composition for internal

combustion engines comprising an alkylthiocarbamate compound
of the formula:

/
N-C-(X) -C-N (I)

wherein each of R!, R?, R}, and R* independently
represents an alkyl group of 1-18 carbon atoms, and (X)
represents S, S-S, S-CH,-S, S-CH,CH,-S,

S-CH,CH,CH,-S, or S-CH,CH(CH;)-S,

and additive compositions and additive packages
utilizing the above compound.
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