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01 . FUEL COMPOSITION FOR TWO-CYCLE ENGINES
02

03 BACKGRO OF THE INVENTION

04

0Ss The present invention relates to a fuel composition for

06 two-cycle internal combustion engines which comprises a

07 major amount of fuel boiling in the gasoline range and a

08 minor amount of a lubricant composition comprising a

09 lubricating oil and an additive formulation containing a

10 molybdenum/sulfur complex of a basic nitrogen compound.

11

12 Over the past several decades the use of spark-ignited

13 two-cycle (two-stroke) internal combustion engines including
14 rotary engines such as those of the Wankel type has steadily
15 increased. They are presently found in power lawn mowers

16 and other power-operated garden equipment, power chain saws,
17 pumps, electrical generators, marine outboard engines,

18 snowmobiles, motorcycles, and the like.

19 '

20 The increasing use of two-cycle engines coupled with

21 increasing severity of the conditions in which they have

22 operated has led to an increasing demand for oils to

23 adequately lubricate such engines. Among the problems

24 associated with lubrication of two-cycle engines are piston
25 ring sticking, rusting, lubrication failure of connecting

26 rods and main bearings and the general formation on the

27 engine’s interior surface of carbon and varnish deposits.

28 The formation of varnish is a particularly vexatious problenm
29 since the build-up of varnish on piston and cylinder walls
30 is believed to ultimately result in ring sticking which

1 leads to failure of the sealing function of piston rings.

32 Such seal failure causes loss of cylinder compression which
33 is particularly damaging in two-cycle engines because they
34 depend on suction to draw the new fuel charge into the
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Over the past several decades the use of spark-ignited two-cycle
(two-stroke) internal conmbustion engines including rotary engi nes such as
those of the Wankel type has 'ssteadily increased. They are presently found
I'n power | awn nowers and ot her power-operated garden equi prment, power chain
saws, punps, electrical generators, matjne outboard engi nes, snownbil es,
motorcycles, and the |ike. The increasing use of two-cycle engines
coupled with increasing severity of the conditions in which they have
operated has led to an increasing denmand for oils to adequately |l ubricate
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causes 06ss of cylinder conpression which is particularly damaging in
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08 fuel-lubricating oil mixtures to be used in two-cycle
09 internal combustion engines. For example, U.S. Patent
10 No. 4,708,809 to Davis discloses a lubricant composition for
11 two-cycle engines comprising a major amount of an oil of
12 lubricating viscosity and a minor amount of at least one
13 alkyl phenol having at least one hydrocarbon-based group of
14 at least 10 aliphatic carbon atoms. Preferably, such
15 lubricant composition will also contain a detergent-
16 dispersant additive selected from (i) a neutral or basic
17 nmetal salt of an organic sulfur acid, phenol or carboxylic
i8 acid, (ii) a hydrocarbyl-substituted amine, (iii) an
19 acylated, nitrogen-containing compound having a substituent
20 of at least 10 aliphatic carbon atoms, (iv) a
21 nitrogen-containing condensate of a phenol, aldehyde and
22 amino compound, and (v) an ester of a substituted
23 polycarboxylic acid.
24
25 U.S. Patent No. 4,724,091 to Davis discloses a lubricant
26 composition for two-cycle engines comprising a major amount
27 of an oil of lubricating viscosity and a minor amount of a
28 mixture of at least one alkyl phenol and at least one amino
29 phenol, each phenol having at least one hydrocarbon-based
30 group of at least about 10 aliphatic carbon atoms.
31 Preferably, this composition will additicnally contain a
32 detergent-dispersant additive.
33
34
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- 2- exhausted cylinder. Thus, ring sticking can lead to deterioration in
engi ne performance, and unnecessary consunption of fuel and/or Iubricant.
Spark plug fouling and engine port plugging problens also occur in

t wo-cycl e engi nes. A variety of conpounds have been proposed as additives
for fuel -lubricating oil mxtures to besused in two-cycle internal
conbustion engi nes. For exanple, U S Patent No. 4,708,809 to Davis

di scl oses a lubricant conposition for

01 Uy.s. patent No. 4,740,321 to Davis et al. discloses a

02 lubricant composition for two-cycle engines comprising a

‘03 major amount of an oil of lubricating viscosity and a minor
04 amount of at least one sulfurized alkyl phenol or metal salt
05 thereof having at least one hydrocarbon-based group of at

06 least 10 aliphatic carbon atoms. This lubricant composition
07 will also preferably contain a detergent-dispersant

08 additive.

09 .

io0 U.S. Patent No. 4,705,643 to Nemo discloses a lubricating

11 oil composition for two-cycle engines comprising a

12 lubricating ocil and an ashless detergent additive which is
13 the hydrolyzed reaction product of an aliphatic branched

14 chain carboxylic acid of 16 to 20 carbon atoms and a

15 polyamine of at least 3 amine groups. Preferably, the

16 ashless detergent additive is the hydrolyzed reaction

17 product of isostearic acid and tetraethylenepentamine.

18

19 U.S. Patent No. 4,994,196 to Kagaya et al. discloses a

20 two-cycle engine oil composition comprising a base cil and a
21 © calcium phenate detergent additive, wherein the base oil is
22 a mixture of (a) a copolymer of an alpha-olefin with an

23 ester of a dicarboxylic acid and (b) an ester of |

24 pentaerythritol and a fatty acid.

25

26 U.S. Patent No. 3,888,776 to Silverstein discloses a

27 two-cycle engine lubricant which comprises a major amount of
28 a polypropylene glycol and minor amounts of a sulfurized

29 oxymolybdenum organophosphorodithioate, a finely divided

30 molybdenum disulfide and a halogenated hydrocarbon

31 detergent, such as 1,1,1-trichloroethylene,

32 orthodichlorobenzene, perchlorinated biphenyl, and the 1like.
"~ 33

34
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two-cycl e engines conprising a major anmount of an oil of |ubricating
viscosity and a m nor anount of at |east one al kyl phenol having at | east
‘one hydrocar bon-based group of at |east 10 aliphatic carbon atons.
Preferably, such lubricant conposition will also contain a detergent-

i spersant additive selected from (i).4a neutral or basic nmetal salt of an
organi ¢ sul fur acid, phenol or carboxylic acid, (ii) a
hydrocar byl -substituted amne, (iii) an acylated, nitrogen-containing
conpound having a substituent of at |east 10 aliphatic carbon atons, (iv) a
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d I d u.s, .P No.
2 720, 981 BHaYiobea BESR SR F ipBA AT TR L e B ohEp e ot GBI g nes
conpri #¥ng adddjtdvesnsoan lgbrigaskt| compbaitionsi Agndisgosppyicatien i nor
anount oaf a FXledamplle,2hs! %%%Esﬂ%ﬁdahﬂlse@h@ﬂBLné”ﬂuﬁhs’:?ﬁéé one ami no

phenol-, _each phenol, haV|n | east one drocar bon-based_grolip of at |east
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addi ti @sal | heasyt maechd ndelygr geehsdss forsbehrafgsl i #8d the like.

07

o8 For example, U.S. Patent No. 4,263,152 to King et al.

09 discloses an antioxidant additive for lubricating oils which
10 is prepared by combining an acidic molybdenum compound, a

11 polar promoter, a basic nitrogen-containing compound and a
12 sulfur source to form a molybdenum and sulfur-containing

i3 complex. Similar molybdenum-containing antioxidant

14 additives are disclosed in U.S. Patent Nos. 4,285,822;

15 4,283,295; 4,272,387; 4,265,773; 4,261,843; 4,259,195; and
16 4,259,194. However, none of these patents teaches or

17 appreciates the use of such antioxidant additives, or

i8 lubricating oils containing such additives, in admixture

19 with fuels in two-cycle engines. Furthermore, none of these
20 patents teaches or appreciates that such antioxidant

21 additives would be effective deposit control agents or would
22 reduce piston sticking when utilized in fuel-lubricating ocil
23 mixtures in two-cycle engines.

24

25 Moreover, as taught in the aforementiocned U.S. Patent

26 No. 4,708,809, the unique problems and techniques associated
27 with the lubrication of two~-cycle engines has led to the

28 recognition by those skilled in the art of two-cycle engine
29 lubricants as a distinct lubricant type.

30

31 Accordingly, the present invention is directed to minimizing
32 the problems of varnish build-up and ring sticking in

a3 two~cycle engines through the provision of effective

34 additives for fuel-lubricating oil combinations which
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- 3- U S. Patent No. 4,740,321 to Davis et al. discloses a |ubricant
conposi tion for two- cycle engi nes conprising a najor anount of an oil of
[ubricating viscosity and a minor amount of at |east one sul furized al kyl
phenol or nmetal salt thereof having at |east one hydrocarbon-based group of
at least 10 aliphatic carbon atoms. Thig_lubricant conposition will also
preferably contain a detergent-di spersant additive. U. S. Patent No.
4,705,643 to Neno discloses a lubricating oil conposition for two-cycle
engi nes conprising a

o1 eliminate or reduce two-cycle engine varnish deposits and

02 piston ring seal failure.

03
04 SUMMARY OF THE INVENTION
05

06 The present invention provides a fuel composition for

07 two-cycle engines comprising a major amount of fuel boiling
o8 in the gasoline range and a minor amount of a lubricant

09 composition comprising:

10

11 (A) a major amount of a base oil of lubricating viscosity,
12 and

13

i4 (B) a minor amount of an additive formulation comprising:
15

16 (1) a sulfurized molybdenum~containing composition

7 prepared by (i) reacting an acidic molybdenum

18 ' compound and a basic nitrogen compound selected
19 from the group consisting of a succinimide, a

20 carboxylic acid amide, a hydrocarbyl monoamine, a
21 hydrocarbyl polyamine, a Mannich base, a

22 phosphoramide, a thiophosphoramide, a

23 phosphonamide, a dispersant viscosity index

24 improver, or a mixture thereof, in the presence of
25 a polar promoter, to form a molybdenum complex

26 wherein from 0.01 to 2 atoms of molybdenum are

27 present per basic nitrogen atom, and the promoter
28 is present in the ratio of 0.01 to 50 moles of

29 polar promoter per mole of molybdenum; and

30 (ii) reacting the molybdenum complex with a

31 sulfur~-containing compound in an amount sufficient
32 to provide about 1.5 to 4.0 atoms of sulfur per
33 atom of molybdenum, to thereby form a sulfur- and
34 molybdenum-containing composition,
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| ubricating oil and an ashl ess detergent additive which is the hydrolyzed
reaction product of an aliphatic branched chain carboxylic acid of 16 to 20
carbon atons and a pol yam ne of at |east 3 amine groups. Preferably, the
ashl ess detergent additive is the hydrolyzed reaction product of isostearic
. acid and tetraethyl enepent ani ne. U SgPatent No. 4,994,196 to Kagaya et
al . discloses a two-cycle engine oil conposition conprising a base oil and
a cal cium phenate detergent additive, wherein the base oil is a mxture of
(a) a copolyner of an al pha-olefin with an ester of a dicarboxylic acid and
(b) an ester of peajaecaycdrbéooylindacid adniddeciahd U . S. Patent No.

3,888, 7¢gp to Silverstein discloses a two-cycle engine l[ubricant which
conprises a major amount of a polypropyl ene glycol and m nor anounts of a
sul furi9&d oxynol ydHendinseegimuptdgphor odi t hi oate, a finely divided

nol ybdeggm di sul fi de and a hal ogenat ed hydrocarbon detergent, such as

1,1,1-t Lchloroeth | ene, orthodichl orobenzene, perchl orjnated bi phenyl, and
the |i k®* Among Other factors, the present invention is based upon the

06 unexpected discovery that additive formulations containing a
07 molybdenum/sulfur complex of a basic nitrogen compound, plus
08 a carboxylic acid amide and a succinimide are surprisingly
09 effective agents for deposit contrel and reduction of piston
10 ring sticking when combined in fuel-lubricating oil mixtures
11 in two-cycle engines.

12

i3 DETAILED DESCRIPTION OF THE INVENTION

14

15 The fuel composition of the present invention will comprise
16 a major amount of fuel boiling in the gasoline range and a
17 minor amount of a lubricant composition comprising a base
18 cil of lubricating viscosity and an additive formulation

19 containing (1) a sulfurized molybdenum-containing

20 composition, (2) a carboxylic acid amide, and (3) a

21 succinimide.

22

23 The sulfurized molybdenum-containing composition employed in
24 the present invention may be generally characterized as a

25 molybdenunm/sulfur complex of a basic nitrogen compound.

26 Such molybdenum/sulfur complexes are known in the art and

27 are described, for example, in U.S. Patent No. 4,263,152 to
28 King et al., the disclosure of which is hereby incorporated
29 by reference.

30

31 The precise molecular formula of the molybdenum compositions
32 employed in this invention is not known with certainty;

33 however, they are believed to be compounds in which

34 molybdenum, whose valences are satisfied with atoms of
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-4- Mol ybdenunt sul fur conpl exes of basic nitrogen conpounds have
previously been described in the art as useful antioxidant additives for

1 ubri cant conposi tions finding application, for exanple, as crosshead

di esel engine lubricants, autonobile and railroad crankcase |ubricants,
Fubricants for heavy nachinery, greasesydor bearings, and the liKke. For
exanple, U S. Patent No. 4,263,152 to King et al. discloses an anti oxi dant
additive for lubricating oils which is prepared by conbining an acidic

nol ybdenum conpound, a polar pronoter, a basic nitrogen-containing conpound
and a s@lfurozygesecor ocsthbfur Ao iwlgitler conpledd by,cart &he salt of,

02 one or more nitrogen atoms of the basic nitrogen containing
03 compound used in the preparation of these compositions.

04

0S The molybdenum compounds used to prepare the

06 molybdenum/sulfur complexes employed in this invention are
07 acidic molybdenum compounds. By acidic is meant that the
08 molybdenum compounds will react with a basic nitrogen

09 compound as measured by ASTM test D-664 or D-2896 titration
10 procedure. Typically these molybdenum compounds are '

11 hexavalent and are represented by the following

12 compositions: molybdic acid, ammonium molybdate, sodium

13 molybdate, potassium molybdate and other alkaline metal

14 molybdates and other molybdenum salts such as hydrogen

15 salts, e.g., hydrogen sodium molybdate, MoOCl,, MoO,Br,,

16 Mo,043Clg, molybdenum trioxide or similar acidic molybdenum

17 compounds. Preferred acidic molybdenum compounds are

18 molybdic acid, ammonium molybdate, and alkali metal

19 molybdates. Partiéularly preferred are molybdic acid and
20 ammonium molybdate.

21

22 The basic nitrogen compound used to prepare the

23

molybdenum/sulfur complexes must have a basic nitrogen
24 content as measured by ASTM D-664 or D-2896. It is

25 preferably oil-soluble. Typical of such compositions are
26  guccinimides, carboxylic acid amides, hydrocarbyl

27 monoamines, hydrocarbon polyamines, Mannich bases,

28 phosphoramides, thiophosphoramides, phosphonamides,

29 dispersant viscosity index improvers, and mixtures thereof.
30 These basic nitrogen-containing compounds are described

31 below (keeping in mind the reservation that each must have
32 at least one basic nitrogen). Any of the

33 nitrogen-containing compositions may be after-treated with,
34

is Sheet Has Been Replaced

T




conplex. Simlar nolybdenum containing anti oxidant additives are discl osed
in U S Patent Nos. 4,285,822 ; 4,283,295, 4,272,387, 4,265,773, 4,261, 843;

-4, 259, 195; and 4, 259, 194. However, none of these patents teaches or

sappreci ates the use of such antioxidant additives, or lubricating oils
tontaining such additives, in adm xture with fuels in two-cycle engines.
Furt hernore, none of these patents teaches or appreciates that such

ant i oxi dant additives would be effective deposit control agents or would
reduce piston sticking when utilized in fuel-lubricating oil mxtures in

t wo- cy engies. r i 12N & e} S. t ent
No. 4, %ﬁ 88%',&1'heb%zﬁ%'u§_géﬁqol ens an teclv}r%r%ilcgtes_ asgggi%yteeg%\%’ gﬁ tlﬁga

| ubri cal% on 3% ¥h@-eSRRQS dniant CoRflnue) b aontain: Hgsic 8 tepoensse

fki | I edos n t'l‘}ge_s'?é ltamez;wrﬁam@tw@wtﬁaﬁwﬂo@ﬁg@ya?pglgbabhaptpl ubri tcﬁnt
ype. ccordingly..the pr nt Jnpvention is di,rected to m nim zing e

pr obl err?sﬁof %‘F‘f&#b § oa?'lfg%’ﬁqh}aﬁq %W&%%?M-cym e engi nes through
the prd®® sion of effective additives for fuel-lubricating oil conbinations

which 06 The mono and polysuccinimides that can be used to prepare

07 the molybdenum/sulfur complexes described herein are
08 disclosed in numerous references and are well known in the

09 art. Certain fundamental types of succinimides and the

10 related materials encompassed by the term of art

11 "succinimide" are taught in U.S. Patent Nos. 3,219,666;

12 3,172,892; and 3,272,746, the disclosures of which are

13 hereby incorporated by reference. The term "succinimide" is
14 understood in the art to include many of the amide, imide,
15 and amidine species which may also be formed. The

16 predominant product however is a succinimide and this term
17 has been generally accepted as meaning the product of a

18 reaction of an alkenyl substituted succinic acid or

19 anhydride with a nitrogen-containing compound. Preferred

20 succinimides, because of their commercial availability, are
21 - those succinimides prepared from a hydrocarbyl succinic

22 anhydride, wherein the hydrocarbyl group contains from about
23 24 to about 350 carbon atoms, and an ethylene amine, said

24 ethylene amines being especially characterized by ethylene
25 diamine, diethylene triamine, triethylene tetramine, and

26  tetraethylene pentamine. Particularly preferred are those
27 succinimides prepared from polyisobutenyl succinic anhydride
28 of 70 to 128 carbon atoms and tetraethylene pentamine or

29 triethylene tetramine or mixtures thereof.

30

31 Also included within the term "succinimide" are the

32 cooligomers of a hydrocarbyi succinic acid or anhydride and
33 a poly secondary amine containing at least one tertiary

34 amino nitrogen in addition to two or more secondary amino
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- 5- elimnate or reduce two-cycle engi ne varni sh deposits and pi ston
ring seal failure. SUWARY OF THE I NVENTION  The
‘present invention provides a fuel conposition for two-cycle engines
conprising a major anmount of fuel boiling in the gasoline range and a m nor
» amount of a lubricant conposition conpg-sing:

01 groups. Ordinarily this composition has between 1,500 and
02 50,000 average molecular weight. A typical compound would
03 be that prepared by reacting polyisobutenyl succinic
04 anhydride and ethylene dipiperazine.

oS
06 Carboxylic acid amide compositions are also suitable
07 starting materials for preparing the molybdenum/sulfur
cs complexes employed in this invention. Typical of such
09 compounds are those disclosed in U.S. Patent No. 3,405,064,
10 the disclosure of which is hereby incorporated by reference.
11 These compositions are ordinarily prepared by reacting a
12 carboxylic acid or anhydride or ester thereof, having at
i3 least 12 to about 350 aliphatic carbon -atoms in the
14 principal aliphatic chain and, if desired, having sufficient
15 pendant aliphatic groups to render the molecule oil soluble
16 with an amine or a hydrocarbyl polyamine, such as an
17 ethylene amine, to give a mono or polycarboxylic acid amide.
18 Preferred are those amides prepared from (1) a carboxylic
19 acid of the formula R2COOH, where R? is Cia0 alkyl or a
20 mixture of this acid with a polyisobutenyl carboxylic acid
21  in which the polyisobutenyl group contains from 72 to
22 128 carbon atoms and (2) an ethylene amine, especially
23 triethylene tetramine or tetraethylene pentamine or mixtures
24  thereof.
28
26  aAnother class of compounds which are useful in this
27 invention are hydrocarbyl monocamines and hydrocarbyl
28  polyamines, preferably of the type disclosed in U.S. Patent
29 No. 3,574,576, the disclosure of which is hereby
30 incorporated by reference. The hydrocarbyl group, which is
31  preferably alkyl, or olefinic having one or two sites of
32 unsaturation, usually contains from 9 to 350, preferably

33 from 20 to 200 carbon atoms. Particularly preferred
34
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(A) a major amount of a base oil of l|ubricating viscosity, and (B) a

m nor anount of an additive fornulation conprising: (1) a sulfurized
hol ybdenum cont ai ni ng conposition prepared by (i) reacting an

aci di ¢ nmol ybdenum conpound and a basic nitrogen conpound sel ected
.fromthe group consisting of a succinifigde, a car boxylic acid '
am de, a hydrocarbyl nonoam ne, a hydr ocar byl pol yam ne, a
Manni ch base, a phosphoram de, a thi ophosphoram de, a
phosphonam de, a di spersant viscosity index | nprover, or a

m xt ur edt herrpdirocarbpk pobgami:mesfare those whigiolare pieanibteny, o.@.f,00P a
nol ybdeaym ngmagfn?t?olglso g Ng IE ronJD]?& Q ?pc?ltﬂ]ﬁcﬂer{g)l ybdenum ar e

pr esent asic n 'S pr esent.
the ratf ofpelmmmesoe%heéswn ethylene Peing, B ot @thens| e of

nol ybdeowm @D8mine, diethyléne!€afimie | Neetdotiiciune Gumlaind th a

05 2-aminoethylpiperazine, 1,3-propylene diamine,

06 1,2-propylenediamine, and the like.

07

o8 Another class of compounds useful for supplying basic

09 nitrogen are the Mannich base compositions. These

10 compositions are prepared from a phenol or Cyogg

11 alkylphenol, an aldehyde, such as formaldehyde or

12 formaldehyde precursor such as paraformaldehyde, and an

13 amine compound. The amine may be a mono or'polyamine and
14 typical compositions are prepared from an alkylamine, such
is as methylamine or an ethylene amine, such as, diethylene
16 triamine, or tetraethylene pentamine, and the like. The
17 phenclic material may be sulfurized and preferably is

18  dodecylphenol or a Cgypo alkylphenol. Typical Mannich

19 bases which can be used in this invention are disclosed in
20 y,s. patent No. 4,157,309 and U.S. Patent Nos. 3,649,229;
21 3,368,972; and 3,539,663, the disclosures of which are

22 hereby incorporated by reference. The last referenced
23 patent discloses Mannich bases prepared by reacting an
24 alkylphenol having at least 50 carbon atoms, preferably 50
25 to 200 carbon atoms with formaldehyde and an alkylene
26 polyamine HN(ANH) H where A is a saturated divalent alkyl
27 hydrocarbon of 2 to 6 carbon atoms and n is 1-10 and where
28 the condensation product of said alkylene polyamine may be
29 further reacted with urea or thiourea. The utility of these
30 Mannich bases as starting materials for preparing
31 lubricating oil additives can often be significantly
32 improved by treating the Mannich base using conventional
33 techniques to introduce boron into the composition.
34
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sul fur-contai ning conpound in an anount sufficient to provide

about 1.5 to 4.0 atons of sulfur per
‘thereby forma sul fur- and

X B-

at om of nol ybdenum to
nol ybdenum cont ai ni ng conposi tion,
(2) a carboxylic acid am de, and (3) a succini mde.

» Anong ot her factors, the present inverfjon is based upon the

01
62
03
04
0S
06
07
08
09
10
11
12
13
14
15
16
17
i8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

Another class of composition useful for preparing the
molybdenum/sulfur complexes employed in this invention are
the phosphoramides and phosphonamides such as those
disclosed in U.S. Patent Nos. 3,909,430 and 3,968,157, the
disclosures of which are hereby incorporated by reference.
These compositions may be prepared by forming a phosphorus
compound having at least one P-N bond. They can be
prepared, for example, by reacting phosphorus oxychloride
with a hydrocarbyl diol in the presence of a monoamine or by
reacting phosphorus oxychloride with a difunctional
secondary amine and a mono-functional amine.
Thiophosphoramides can be prepared by reacting an
unsaturated hydrocarbon compound containing'from 2 to 450 or
more carbon atoms, such as polyethylene, polyisobutylene,
polypropylene, ethylene, 1l-hexene, 1,3-hexadiene,
isobutylene, 4-methyl-l-pentene, and the like, with
phosphorus pentasulfide and a nitrogen-containing compound
as defined above, particularly an alkylamine, alkyldiamine,
alkylpolyamine, or an alkyleneamine, such as ethylene
diamine, diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, and the like.

Another class of nitrogen-containing compositions useful in
preparing the molybdenum complexes employed in this
invention includes the so-called dispersant viscosity index
improvers (VI improvers). These VI improvers are commonly
prepared by functicnalizing a hydrocarbon polymer,
especially a polymer derived from ethylene and/or propylene,
optionally containing additional units derived from one or
more co-monomers such as alicyclic or aliphatic olefins or
diolefins. The functionalization may be carried out by a
variety of processes which introduce a reactive site or
sites which usually has at least one oxygen atom on the
polymer. The polymer is then contacted with a
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unexpect ed di scovery that additive fornulations containi.ng a

nol ybdenunt sul fur conpl ex of a basic nitrogen conpound, plus a carboxylic
acid am de and a succinimde are surprisingly effective agents for deposit
eontrol and reduction of piston ring sticking when conbined in

fuel -lTubricating oil mxtures in two-cycl e engines. DETAI LED
DESCRI PTION OF THE | NVENTI ON  The fuel "conposition of the present
i‘nvention will conprise a mgjor anount of fuel boiling in the gasoline

range and a mnor amount of a lubricant conposition conprising a base oi
of |ubrogati RYt¥bgeastbrtadding 36diEé Vo DAEFHORIES h PO RdNU htialin fhg
sulfurlsgd nglﬁbgenu cont ai ni ng conposj tion, (2% a carboxylic acid am de,
and (3) "4 sufBNRFAPRBL 9renRS SOt Hhe ZRALWREY et LFIRBRP oo Htrd
enpl oye@3i n hiierpgeacsdburoeenihchudayahye besnbe ahltyroden adggonrsll as a
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tion

exXes are
compositions described herein. Preferred nitrogen sources

are alkylene amines, such as ethylene amines, alkyl amines,
and Mannich bases.

Preferred basic nitrogen compounds for use in this invention
are succinimides, carboxylic acid amides, and Mannich bases.

Representative sulfur sources for preparing the molybdenunm
complexes used in this invention are sulfur, hydrogen
sulfide, sulfur monochloride, sulfur dichloride, phosphorus
pentasulfide, R,S, where R is hydrocarbyl, preferably Ci1.40
alkyl, and x is at least 2, inorganic sulfides and
polysulfides such as (NH4),S,, where x is at least 1,
thioacetamide, thiourea, and mercaptans of the formula RSH
where R is as defined above. Also useful as sulfurizing
agents are traditional sulfur-containing antioxidants such
as wax sulfides and polysulfides, sulfurized olefins,
sulfurized carboxylic and esters and sulfurized
ester-olefins, and sulfurized alkylphenols and the metal
salts thereof.

The sulfurized fatty acid esters are prepared by reacting
sulfur, sulfur moncchloride, and/or sulfur dichloride with
an unsaturated fatty ester under elevated temperatures.
Typical esters include C;~C,; alkyl esters of Cg-Cyy
unsaturated fatty acids, such as palmitoleic, oleic,
ricinoleic, petroselinic, vaccenic, linoleic¢, linolenic,
oleostearic, licanic, paranaric, tariric, gadoleic,
arachidonic, cetoleic, etc. Particularly good results have
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are described, for exanple, in US. Patent No. 4,263,152 to King et al.

t he dlsclosure of which is hereby incorporated by ref erence. The preC|se
mol ecul ar formula of the nol ybdenum conpositions enployed in this invention
fs not knowmn with certainty; however, they are believed to be conpounds in
- whi ch nol ybdenum whose val ences are:&gisfied wi th atons of

-7- oxygen or sulfur, is either conplexed by, or the salt of, one or
nmore nitrogen atons of the basic ni trogen contai ni ng conpound used in the
preparation of these conpositions.
01 been obtained with mixed unsaturated fatty acid esters, such

02 as are obtained from animal fats and vegetable o0ils, such as
03 tall oil, linseed o0il, olive o0il, caster o0il, peanut oil,

04 rape oil, fish oil, sperm oil, and so forth.

05

06 Exemplary fatty esters include lauryl tallate, methyl

07 oleate, ethyl oleate, lauryl oleate, cetyl oleate, cetyl

08 linoleate, lauryl ricinoleate, oleyl linoleate, oleyl

09 stearate, and alkyl glycerides.

10

11 Cross-sulfurized ester olefins, such as a sulfurized mixture
12 of Cp-Cys olefins with fatty acid esters of Ci-Cys fatty

13 acids and C;-C,s alkyl or alkenyl alcohols, wherein the

14 fatty acid and/or the alcohol is unsaturated may also be

15 used.

16

17 Sulfurized olefins are prepared by the reaction of the C3-C¢
18 clefin or a low-molecular-weight polyolefin derived

19 therefrom with a sulfur-containing compound such as sulfur,

:: sulfur monochloride, and/or sulfur dichloride.

22 Also useful are the aromatic and alkyl sulfides, such as

23 dibenzyl sulfide, dixylyl sulfide, dicetyl sulfide,

24 diparaffin wax sulfide and polysulfide, cracked wax-olefin

25 sulfides and so forth. They can be prepared by treating the

26 starting material, e.g., olefinically unsaturated compounds,

27 with sulfur, sulfur monochloride, and sulfur dichloride.

28 Particularly preferred are the paraffin wax thiomers

:: described in U.S. Patent No. 2,346,156.

31 Sulfurized alkyl phenols and the metal salts thereof include

32 compositions such as sulfurized dodecylphenol and the

:3 calcium salts thereof. The alkyl group ordinarily contains
4
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The nol ybdenum conpounds used to prepare the nol ybdenuni sul fur conpl exes
enployed in this invention are acidic nol ybdenum conpounds. By acidic is
meant that the nol ybdenum conpounds will react with a basic nitrogen
conpound as neasured by ASTMtest D-664 or D-2896 titration procedure.
Typi cally these nol ybdenum conpounds atl-hexaval ent and are represented by
the foll ow ng conpositions: nolybdic acid, anmoni um nol ybdate, sodium
nol ybdat e, pot assi um nol ybdat e and ot her al kal i ne nmetal nol ybdates and
ot her mpl ybdenum salts such as hydrogen salts, _e.g., hydrogen sodi um
mol ybdafd |, €50m1PeRPP, cRELPEr AEBRFer r TheNBRER} | R bE ey [ % rPrefRratianum
trioxi de2or gi Grbap ACoe GrotpypdeBdIt;oaBpEBlal1Y" £6&1tRI S£161i6m,
nol ybde #nlcongoun s_are n§I¥ di c acid, anmoni um nol ybdate, and al kal
netal nolybdXRLeSpRyi 881 PFy"Breferred are nol ybdic acid and ammoni um
mol ybdad. The basic nitrogen conpound used to prepare the
nol ybdégwnt s e basi It : nmeasur ed
by ASTMC D 663 70 2B: 3008 L Rr| Sour CPe, Abfy Sarfuly FRFESaqR et de, TUO0
Conposipponsp@pgphorus pentasulfide, R,S, where R is hydrocarbyl,

07 preferably C;-Cjy alkyl, and x is at least 3, mercaptans

08 wherein R is C;-C;g alkyl, inorganic sulfides and

09 polysulfides, thioacetamide, and thiourea. Most preferred
10 sulfur sources are sulfur, hydrogen sulfide, phosphorus

i: pentasulfide, and inorganic sulfides and polysulfides.

13 The polar promoter used in the preparation 6f the molybdenunm
14 complexes employed in this invention is one which

18 facilitates the interaction between the acidic molybdenum
16 compound and the basic nitrogen compound. A wide variety of
17 such promoters are well known to those skilled in the art.
18 Typical promoters are 1,3-propanediol, 1,4-butane-diol,

15 diethylene glycol, butyl cellosolve, propylene glycol,

20 1,4-butyleneglycol, methyl carbitol, ethanolamine,

21 diethanolamine, N-methyl-diethanol-amine, dimethyl

22 formamide, N-methyl acetamide, dimethyl acetamide, methanol,
23 ethylene glycol, dimethyl sulfoxide, hexamethyl

24 phosphoramide, tetrahydrofuran and water. Preferred are

:: water and ethylene glycol. Particularly preferred is water.
27 While ordinarily the polar promoter is separately added to
28 the reaction mixture, it may also be present, particularly
29 in the case of water, as a component of non-anhydrous

30 starting materials or as waters of hydration in the acidic
31 molybdenum compound, such as (NH4)gM07094.4 HyO. Water may
;: also be added as ammonium hydroxide.

34
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succi ni m des, carboxylic acid am des, hydrocarbyl nonoam nes, hydrocarbon

pol yam nes,

Manni ch bases, phosphoram des, thi ophosphoram des,

phosphonani des, dispersant viscosity index inprovers, and m xtures thereof.

These basic

ni t rogen-cont ai ni ng conpounds are descri bed bel ow (keeping in

~.mnd the reservation that each nust hayg-at |east one basic nitrogen). Any’
of the nitrogen-containing conpositions nmay be after-treated with,

e.g., boron,

usi ng procedures well known in the art so long as the

conpositions continue to contain basic nitrogen. These after-treatnents are
parti cudlr | yA appthedbf e tmrepmcing nilte moliybdédnun /G lifase complesies ased

02
03
04
0S
06
07
08
09
10
11
12
13
14
s
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

in this invention is to prepare a solution of the acidic
molybdenum precursor and a polar promoter with a basic
nitrogen-containing compound with or without diluent. The
diluent is used, if necessary, to provide a suitable
viscosity for easy stirring. Typical diluents are
lubricating oil and liquid compounds containing only carbon
and hydrogen. If desired, ammonium hydroxide may also be
added to the reaction mixture to provide a solution of
ammonium molybdate. This reaction is carried out at a
temperature from the melting point of the mixture to reflux
temperature. It is ordinarily carried out at atmospheric
pressure although higher or lower pressures'may be used if
desired. This reaction mixture is treated with a sulfur
source as defined above at a suitable pressure and
temperature for the sulfur source to react with the acidic
molybdenum and basic nitrogen compounds. In some cases,
removal of water from the reaction mixture may be desirable
prior to completion of reaction with the sulfur source.

In the reaction mixture, the ratio of molybdenum compound to
basic nitrogen compound is not critical; however, as the
amount of molybdenum with respect to basic nitrogen
increases, the filtration of the product becomes more
difficult. Since the molybdenum component probably
oligomerizes, it is advantageous to add as much molybdenum
as can easily be maintained in the composition. Usually,
the reaction mixture will have charged to it from 0.01 to
2.00 atoms of molybdenum per basic nitrogen atom.

Preferably from 0.4 to 1.0, and most preferably from 0.4 to
0.7, atoms of molybdenum per atom of basic nitrogen is added
to the reaction mixture.
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The nono and pol ysucci ni m des that can be used to prepar.e the

nol ybdenunt sul fur conpl exes descri bed herein are disclosed in nunmerous
references and are well known in the art. Certain fundanental types of
succinimdes and the related materials enconpassed by the termof art
"succinimde" are taught in U S. Patent-Nos. 3,219,666; 3,172,892; and
"3,272,746, the disclosures of which are hereby incorporated by reference.
The term "succinimde" is understood in the art to include many of the

am de, imde, and am di ne species which may al so be forned. The predom nant
product YhoneTee sulfuryseunceai iie usdally scharged o v npantign ymisdume ed

as nmeanpgg t SheAUST rRE 18 £63F6PIUOT1 29 8 KeNy | atdthstd i C
acid or nhygfi de vvithra Jrhlitrogi(g{r-l-cont a]i'ni ng corrpoatmd. I{értte;gedr%&e"ﬁ:hl(\#\énn

succi ni 1 des2tPRcAfsROLYPARRIR. ¢ oPFRI T 2P IvEF MR 19 tKP 4 atiRmse of

succi ni fddesspl epar per f abonaohyto Delodéykm swcadasuﬁr&wrrﬁ%& pMare%iabltﬁge
hydr ocagby! grpoup,.centaj r 4 10 Qn atons, and an
et hyl enggam' %'e,g g%i g'ét %g?%%eggmg‘?gfsﬁ%é’%% aeé%@tg%ﬁ?é}fc%%‘ﬂ'eri zed by

et hyl en®€dij ami ne, diethylene triamne, triethylene tetranine, and

tetraet 9yl eneh@epbast NBromatét fWRIEN P§ PréF&hIRIE e S GriiA=183y
preparegafrog}ggeXLSERU ggykagygcéglg.fnggdéécg%les of promoter per mole
09 of molybdenum. Preferably from 0.5 to 25 and most
10 preferably 1.0 to 15 moles of the promoter is present per
i1 mole of molybdenum.
12
13 As described above, the additive formulation employed in the
14 present invention contains (1) a sulfurized
15 molybdenum-containing composition, (2) a carboxylic acid
16 amide, and (3) a succinimide.
17
is The carboxylic amide component of the presently employed
19 additive formulation may be any of the carboxylic acid amide
20 compounds described herein as useful in the preparation of
21  the molybdenum/sulfur complex. Preferred carboxylic acid
22 amide components include those amides derived from a
23 carboxylic acid of the formula R?COOH, wherein R? is C12-Cy
24 alkyl, and an ethylene amine, such as triethylene tetramine
25 or tetraethylene pentamine.
26
27 similarly, the succinimide component of the presently
28 employed additive formulation may be any of the succinimide
29  compounds described herein as useful in the preparation of
30 the molybdenum/sulfur complex. Preferred succinimide
31 components include those derived from polyisobutenyl
32 succinic anhydride, wherein the polyisobutenyl group

33 contains from about 50 to 250 carbon atoms, and an ethylene
34
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of 70 to 128 carbon atons and tetraethyl ene pentam ne or triethylene
tetram ne or m xtures thereof. Al so included within the term
“succinimde" are the cooligonmers of a hydrocarbyl succinic acid or
anhydride and a poly secondary am ne containing at |east one tertiary am no
-nitrogen in addition to two or nore segguodary am no
-9- groups. Ordinarily this conposition has between 1,500 and 50, 000
average nol ecul ar weight. A typical conpound would be that prepared by
reacting pol yi sobutenyl succinic

o1 amine, such as triethylene tetramine or tetraethylene

02 pentamine.

03

04 The additive formulation employed in the present invention
05 may additionally contain a flocculant inhibitor and/or a

06 lubricity agent, such as a polyisobutene. If necessary, a
07 diluent o0il may also be included.

08

09 oOther additives such as viscosity index improvers,

10 antioxidants, dispersants, coupling agents, pour point

11 depressants, extreme pressure agents, color stabilizers,

12 rust inhibitors, anticorrosion agents, and the like, may

i3 also be present in the additive formulation.

14

15 The lubricant composition employed in the present invention
16 comprises a major amount of a base oil of lubricating

17 viscosity and a minor amount of the additive formulation

18 described above.

19

20 The base 0il employed may be any of a wide variety of oils
21 of lubricating viscosity. Thus, the base oil can be a

22 refined paraffin type base 0il, a refined naphthenic base
23 oil, or a synthetic hydrocarbon or non-hydrocarbon oil of
24 lubricating viscosity. The base o0il can also be a mixture
25 of mineral and synthetic oils. For purposes of the present
26 invention, the mineral lubricating oils are preferred, since
27 they are presently in more general use in two-cycle engines.
28

29 The presently employed lubricant composition containing the
30 additive formulation described herein can be conveniently
31 prepared using conventional techniques by admixing the

32 appropriate amount of each component of the additive

33 formulation with a lubricating oil.

34
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anhydri de and et hyl ene di pi perazi ne. Car boxylic acid am de conpositions
are also suitable starting materials for preparing the nol ybdenunt sul fur
‘conpl exes enployed in this invention. Typical of such conpounds are those
disclosed in U S. Patent No. 3,405,064, the disclosure of which is hereby
~-incorporated by reference. These conpoggiions are ordinarily prepared by
reacting a carboxylic acid or anhydride or ester thereof, having at |east
12 to about 350 aliphatic carbon atonms in the principal aliphatic chain
and, if desired, having sufficient pendant aliphatic groups to render the
nol ecul® oi IGexmndll ¥y witthe amcamtnefothe hrpdwhdenbyﬂ-cpntyaming, adddhiwe an
et hyl e am or, | yca d ed are
t hose ?raﬁ desﬁelr erv(a%r d\% omrg?%%ta ocrg?’b)(g? Ilg%xgb,{ geﬂgh QH? §re?§§&?i?r] COOH,

where B%rr ]flffCQIl qmq Gl o 0%, by W}B@tof based ani §hai tatal

pol yi sat e O ¥ dufpoaitd o) %k:qhmtﬁag Rake gyt eank GEPHBX(}QEEa' ns
from?7 o 128 carb%%atorrs an 2),.an et hyl ene

triet h%ne 46k & a2 EE P aGHEDx DA E6 2RE! BY
06 weight and preferably from about 0.2 to 15% by weight. The

07 succinimide component will vary from about 0.5 to 15% by

08 weight and preferably from about 0.2 to 10% by weight.

09

10 The two-cycle engine fuel composition contemplated by the

11 present invention comprises a major amount of fuel boiling
12 in the gasoline range and minor amount of the lubricant

i3 composition disclosed herein.

14

15 For purposes of the present invention, the lubricant

16 composition will generally be added directly to the fuel to
1? form a mixture of lubricant and fuel which is then

18 introduced into the two-cycle engine cylinder. Generally,
19 the resulting fuel composition will contain from about 15 to
20 250 parts fuel per 1 part lubricant, and more typically

21 . about 50 to 100 parts fuel per 1 part lubricant. For some
22 two-cycle engine applications, the lubricant may be directly
23 injected into the combustion chamber along with the fuel or
24 into the fuel just prior to the time the fuel enters the

25 combustion chamber.

26

27 The fuel employed in the present fuel composition is a

28 hydrocarbon distillate fuel boiling in the gasoline range.
29 In such gasoline fuels, other fuel additives may also be

30 included such as antiknock agents, e.qg.,

31 methylcyclopentadienyl manganese tricarbonyl, tetramethyl or
32 tetraethyl lead, or other dispersants or detergents such as
33 various substituted amines, etc. Also included may be lead
34 scavengers such as aryl halides, e.g., dichlorobenzene or
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Anot her cl ass of conpounds which are useful in this invention are

hydr ocar byl nobnoam nes and hydrocar byl pol yam nes, preferably of the type
~di sclosed in U S. Patent No. 3,574,576, the disclosure of which is hereby
incorporated by reference. The hydrocarbyl group, which is preferably
.alkyl, or olefinic having one or two siges of unsaturation, usually
contains from9 to 350, preferably from20 to 200 carbon atons.
Particularly preferred hydr ocar byl pol yam nes are those which
are derived, e.g., by reacting polyisobutenyl chloride and a pol yal kyl ene
pol yanmi®e, sabiyhshakhidesy et adthyleng dibyomidene additienadilyt,hyl ene
triamngz teiA@rSYA£4Es PEEHT Moactivators, pour point depressants,

03 corrosion inhibitors and demulsifiers may be present.

04

‘05 The following examples are presented to illustrate specific
06 embodiments of this invention and are not to be construed in
07 any way as limiting the scope of the invention.

08

09 E PLE
10

11 Example 1
i2

i3 To a 5000 ml flask was added 114 grams molybdenum trioxide
14 and 196 grams of water. Stirring was started and 1200 grams
15 of a solution of a 45% concentrate in oil of the

16 polyisobutenyl succinimide prepared from polyisobutenyl

17 succinic anhydride having a number average molecular weight
i8 for the polyisocbutenyl group of about 950 and tetraethylene .
19 pentamine, and 1200 grams of hydrocarbon thinner were added.
20 The mixture was refluxed at 100°C for 3 hours. The

21 temperature was gradually increased over approximately

22 1 hour to 170°C while distilling water. The temperature was
23 maintained an additional hour after the water was removed.
24 The temperature was lowered to 100°C-120°C and the mixture
25 filtered and returned to the reaction vessel. To the

26 solution was added 51 grams of sulfur. The mixture was

27 heated to 160°C-180°C for 7 hours. The pressure was slowly
28 reduced to about 50 mm of mercury to remove the hydrocarbon
29 thinner. This produced 1244 grams of product containing

30 1.80% nitrogen, 5.63% molybdenum, and 3.57% sulfur.

31

32

33

34
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2- am noet hyl pi perazi ne, 1, 3-propyl ene diam ne, 1, 2-propyl enedi am ne, and
the like. Anot her cl ass of conpounds useful for supplying basic nitrogen
“are the Manni ch base conpositions. These conpositions are prepared froma
phenol or C[err] al kyl phenol, an al dehyde, such as fornal dehyde or

frormal dehyde precursor such as paraf osagd dehyde, and an am ne conpound.

The am ne may be a nono or pol yam ne and typical conpositions are prepared
from an al kyl am ne, such as nethyl am ne or an ethyl ene am ne, such as,

di ethylene triam ne, or tetraethylene pentami ne, and the |like. The phenolic
materi & may be sul furized and pref erExdanpie Hodecyl phenol or a C[err]

al kyl plggnol . Typi cal Manni ch bases which can be used in this invention are
disclosed in U S. Patent No. 4,157,309 and U. S. Patent Nos. 3, 649, 229;
3,368, 872 35999 o493 flagk YascrIEeR-22,8TARE ROAYRIRBNBLEE {PE A or at ed

by ref @enceandlha i aﬁfanfsefoer eated.paseitrrdhgcvaseatibbad candasess hedas ed
by reag@ ng alk henolghaV| kea % ﬁg garho reégﬁfgigeSO
Lo 200 %ar b8 tqanganciirare i, pR Brorba Fue
HN(ANHﬁFbrrpHsﬂnmhadAunsExam@ﬂaratenddn&anegraaskyf hydrocarbon thignen 6
car bon gat Ong, 3 Jided .- PRI X MiSeCwas refluxed at 100°C for 3 hours.

08 The temperature was gradually increased over approximately

09 1 hour to 170°C while distilling water. The temperature was

10 maintained an additional hour after the water was removed.

11 The temperature was lowered to 100°C-120°C and the mixture

12 filtered and returned to the reaction vessel. To the

i3 solution was added 47 grams of sulfur. The mixture was

14 heated to 160°C-180°C for 7 hours. The pressure was slowly

15 reduced to about S0 mm of mercury to remove the hydrocarbon

16 thinner. This produced 1220 grams of product containing

17 1.94% nitrogen, 2.78% molybdenum, and 3.64% sulfur.

18
19 Example 3
20

21 To a 5000 ml flask was added 49 grams molybdenum trioxide

22 and 105 grams of water. Stirring was started and 1133 grams
23 of a solution of a 45% concentrate in oil of the succinimide
24 described in Example 1 and 1133 grams of hydrocarbeon thinner
25 were added. The mixture was refluxed at 100°C for 3 hours.
26 The temperature was gradually increased over approximately
27 1 hour to 170°C while distilling water. The temperature was
28 maintained an additional hour after the water was removed.
29 The temperature was lowered tc 100°C-120°C and the mixture
30 filtered and returned to the reaction vessel. To the

3 solution was added 22 grams of sulfur. The mixture was

32 heated to 160°C-180°C for 7 hours. The pressure was slowly
33 reduced to about 50 mm of mercury to remove the hydrocarbon
34
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t he condensation product of said al kyl ene pol yam ne nmay .-be further reacted
W th urea or thiourea. The utility of these Mannich bases as starting
materials for preparing lubricating oil additives can often be
significantly inproved by treating the Mannich base using conventi onal
t'echni ques to introduce boron into the2g¢enposition. Anot her
class of conposition useful for preparing the nol ybdenunt sul fur conpl exes
énployed in this invention are the phosphoram des and phosphonam des such
as those disclosed in U S. Patent Nos. 3,909, 430 and 3, 968, 157, the

di scl osPtes BRinmeEn oFRisPEIANGIR kIR AXaN) Pf Fradiicte containing

02 1.83% nitrogen, 2.79% molybdenum, and 1.97% sulfur.

03
04 Example 4
oS

06 To a 5000 ml flask was added 1200 grams of a polyamide
07 prepared from a Cyg carboxylic acid and tetraethylene

08 pentamine and containing 6.4% nitrogen, 1200 grans

09  hydrocarbon thinner, 42 grams molybdenum trioxide, and

10 90 grams water. The mixture was refluxed at 100°C for

1 3 hours. The temperature was gradually increased over

12 approximately 1 hour to 170°C while distilling water. The
13  temperature was maintained an additional hour after the

14 yater was removed. The temperature was lowered to

15  100°C-120°C and the mixture filtered and returned to the
16 reaction vessel. To the solution was added 21 grams of

17 sulfur. The mixture was heated to 160°C-180°C for 7 hours.
18 The pressure was slowly reduced to about 50 mm of mercury to
19  remove the hydrocarbon thinner. This produced a product
20  containing 5.88% nitrogen, 2.29% molybdenum, and 1.63%

21 gulfur.

22
23 Example 5
24

25 The molybdenum/sulfur complexes of Examples 1, 2 and 4 were
26 formulated to provide lubricant compositions containing 10%
27 of the carboxylic acid amide reaction product of isostearic
28 acid and tetraethylene pentamine, 2% of a polyisobutenyl

29 succinimide prepared from polyisobutenyl succinic anhydride
30 wherein the polyisobutenyl group has a number average

31 molecular weight of about 950 and tetraethylene pentamine,
32 2% of the molybdenum/sulfur complex of Examples 1, 2 and 4,

33 respectively, 5% of a polyisobutene having a number average
34
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These conpositions may be prepared by form ng a phosphorus conpound havi ng
at least one P-N bond. They can be prepared, for exanple, by reacting
phosphorus oxychloride with a hydrocarbyl diol in the presence of a
nonoam ne or by reacting phosphorus oxychloride with a difunctional
secondary am ne and a nono-functional -e@@-e. Thi ophosphoram des can be
prepared by reacting an unsaturated hydrocarbon conpound containing from?2
to 450 or nore carbon atons, such as pol yet hyl ene, polyisobutyl ene,
polypro%ylene, et hyl ene, 1-hexene, 1, 3-hexadiene, isobutylene,

4- net hy 931 - paelesailazn wedgt) ofe ab@uth9pRo3phar dubpéai k¥ urgent, afd5H of

n: L r Fgewonhalf{lfalﬁuq;amoumimteef,l ﬂ.l@tﬁo?bavaiméﬁ{:' sy% aghd ?ﬁotlil{: ky$ agy ne,
al kyl di ne, A pol yamine__or _an a eneam,ne, such as_ethyl ene
dianine%ghiefﬁype Sl Qﬂine,TPFi@PﬁﬁlgﬁitEPPgﬁFHE,aé@?Faé?ﬁy?En@pentanine,
and t he 04 ke 150 Ardghdr stloaks abonitt 70§enfcanhdkhung ofnPHENt andses8Rf ul in
brepart % |NolaidenyD, o aop 86e0eCuBa0X00a! BotBhTollVaTLEON AEL UUeF, L1
so-cal | ed dispersant visdosity index | nprover I Mpr overs) . ese VI

i mpr ove®® ar sod¥@mdnl y prepared by functionalizing a hydrocarbon pol ymer
especi algzy a polyner derived from ethyl ene and/ or propyl ene,

08 Example 6
09 Two-Cycle Gasoline Engine Test
10

11 This test was used to evaluate the detergency and general
12 performance of the fuel composition of this invention in a
i3 two-cycle water-cooled outboard engine. Piston varnish,

14 ring sticking and general engine deposits were evaluated.
1S

16 The test engine used was an Outboard Marine Company Johnson
17 Model No. J70ELEIE outboard engine, which is a

18 70 horsepower, water-coaled, three-cylinder, two-cycle

19 engine.

20'

21 The test procedure involved a two-hour break-in period,

22 wherein the engine was run at 3,000 rpm for 1 hour, then at
23 4,000 rpm for 1 hour, using a fuel:lubricant ratio of 50:1.
24

25 The test was then conducted for 98 hours using a 50:1 fuel
26 to lubricant ratio on a 55 minute wide-open throttle,

27 5 minute idle cycle. The total test time, including

28 break-in, was 100 hours.

29

30 At the conclusion of the test, the engine was disassembled
31 and rated. The average piston rating and average

32 second-ring sticking rating for 3 cylinders was measured.
33 In the rating system employed, the higher the numerical

34 rating, the better the cleanliness performance, with 10.0
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optional |y containing additional units derived fromone or nore co-nononers
such as alicyclic or aliphatic olefins or diolefins. The functionalization
‘may be carried out by a variety of processes which introduce a reactive
site or sites which usually has at |east one oxygen atom on the pol yner.
The polymer is then contacted with a -23-

-12- nitrogel -contai ning source to introduce nitrogen-contai ni ng

frfuncti onal groups on the polymer backbone. Conmonly used nitrogen sources

i ncl ude any basic nitrogen conpound especially those nitrogen-containing
conpoun®® arle Dgpise t maxbmuhe Scat ineyl. hexaiept Ao dohrec g isitionogdmgsquthes

02 ratings are for cleanliness. The piston rings are rated for
03 the degree of sticking, with a rating of 10.0 indicating a
o4 completely free piston ring.

oS _

06 The second-ring sticking values include a National Marine
07 Manufacturers Association (NMMA) rating, a visual rating,
08 and an adjusted rating, which is an average of the NMMA and
09 visual ratings.

10

11 The reference oil employed in this test was NMMA reference
12 0il TCW II, used as an industry standard in two-cycle engine
13 tests to measure engine cleanliness. The TCW II reference
14 oil is a standard mineral lubricating oil containing a

15 commercial ashless dispersant for gasocline two-cycle

16 engines. The reference oil is available from Citgo

17 Petroleum Corporation, Tulsa, Oklahoma.

18 ' _

19 Engine test runs were performed with a 50:1 fuel to

20 lubricant ratio, using lubricant compositions containing the
21 - molybdenum/sulfur complexes of Examples 1, 2 and 4,

22 formulated as described in Example 5. The results of the
23 engine tests are shown in Table 1. |

24 .

25 The results shown in Table 1 demonstrate that the fuel

26 composition of the present invention is highly effective in
27 reducing piston deposits and piston ring sticking in

28 two-cycle engines, and generally exceeds the performance of
29 a fuel containing the industry standard reference oil.

30

1

32

33

34
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are al kyl ene am nes, such as ethyl ene am nes, al kyl am nes, and Manni ch
bases. Preferred basic nitrogen conpounds for use in this invention are
'succi ni m des, carboxylic acid am des, and Manni ch bases. Representati ve
sul fur sources for preparing the nol ybdenum conpl exes used in this
invention are sul fur, hydrogen sul fi d@4=sul fur nonochl oride, sulfur

di chl ori de, phosphorus pentasul fide, Rerr]S[err] where R is hydrocarbyl,

preferably CJerr] alkyl, and x is at least 2, inorganic sulfides and
pol ysul ;i deg_such as (NHerr1Slerr] where x is at least 1 _thiogacetanide,
t hi our and nercaptans of the forrrulﬁﬁ where R is as defined abové%.
Al so u®@ful|as sulfurizing agents are onal sul fur-containing
ant i oxjgdant such as wax swdgtq@@@m%@g‘ggdmﬁ%f ur| zed ol efl ns
sul fUI‘I zed parboxytrcamd-esters ardsutturTzedester=otefrsT—and
sul furPed hlkyl phenol s and tAyersge Rating for rexldnders The sylfurized fatty
acid egsers| are preparg¢d by rdacting Second-Ring Sticking
Piston 2-Ring | Under-
06 Additive Skirt Crown | Land Crown NMMA Visual Adj.
07 TCW II
08 Reference
0il 7.1 2.8 3.7 2.8 6.8 5.7 6.3
09 Example 1(3) 7.4 3.4 4.4 2.5 7.1 6.1 6.6
10
Example 4(® 7.7 3.1 4.8 3.9 7.8 6.8 7.3
11
Example 2(@) 7.8 3.4 4.4 3.3 8.5 6.5 7.5
12 — |
13
14 (®Formulated as in Example S.
15
16
17
.18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
il



sul fur, surfur—-nonochlaride, and/or sulfur dichloride with an unsaturated

fatty el evated tenperatures. Typical esters include
.qerr]?@ﬂliﬂ'ﬂ &#’l]’ mfrs_of Clerr]-Cferr] unsaturated fatty acids, such
m=

as pal i cinoleic, petroselinic, vaccenic, linoleic,

| i nol eni c, oleostearlc | i cani c, paramgsic, tariric, gadoleic, arachidonic;,
cetoleic, etc. Partlcularly good results have

-+13- been obtained with m xed unsaturated fatty acid esters, such as are
obtained fromaniml fats and vegetable oils, such as tall oil, linseed

oil, olP¥%e OWHATcCESt@LAIMED I®anut oil, rape oil, fish oil, spermoil, and
so fortge

03 1. A fuel composition for two-cycle engines comprising a
o4 major amount of fuel boiling in the gasoline range and
es a minor amount of a lubricant composition comprising:
0é

07 (A) a major amount of a base oil of lubricating

08 viscosity, and

09

10 (B) a minor amount of an additive formulation

11 comprising:

i2

13 (1) a sulfurized molybdenum-containing

14 composition prepared by (i) reacting an

15 acidic molybdenum compound and a basic

16 nitrogen compound selected from the group

17 consisting of a succinimide, a carboxylic

i8 acid amide, a hydrocarbyl monocamine, a

19 hydrocarbyl polyamine, a Mannich base, a

20 phosphoramide, a thiophosphoramide, a

21 phosphonamide, a dispersant viscosity index
22 improver, or a mixture thereof, in the

23 presence of a polar promoter, to form a

24 molybdenum complex wherein from 0.01 to

25 2 atoms of molybdenum are present per basic
26 nitrogen atom, and the promoter is present in
27 the ratio of 0.01 to 50 moles of polar

28 promoter per mole of molybdenum; and

29 (ii) reacting the molybdenum complex with a
30 sulfur-containing compound in an amount

31 sufficient to provide about 1.5 to 4.0 atoms
32 of sulfur per atom of molybdenum, to thereby
33 form a sulfur- and molybdenum-containing

34 composition,
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fatt esters include lauryl tallate, methyl oleate, ethyl oleate,
I aumm Elmm ol eate, cetyl linoleate, lauryl ricinoleate, oleyl
‘1in arate and al kyl gl yceri des. Cross-sul furized ester

ol efins, such ag a*sul furized mxture of Cerr]-Clerr] olef ins with fatty
sacid esters of (Jerr]-Clerr] fatty acizgs- and Cerr]-Cerr] al kyl or al kenyl
al cohol s, wherein the fatty acid and/or the al cohol is unsaturated nay al so
be used. Sul furized olef ins are prepared by the reaction of the
Cerr]-Clerr] olefin or a | ow nol ecul ar-wei ght pol yol efin derived therefrom
wi th a%3ul fur-containi(@y cenpavhdxylit aciduamide, samd ur nonochl ori de,
and/ or ggul fur dichl oride. Al so useful are the aromatic and al kyl

sul fides, such as dibenzyl sulfide, dixylyl sulfide, dicetyl sulfide,

di par aPPin wax sul fi dé3and2pBhGSiningde: cr acked wax-ol efi n sul fi des and so
forth. odhey can be prepared by treating the

05 2. The fuel composition of Claim 1, wherein the sulfur
06 source for component (1) is sulfur, hydrogen sulfide,
07 phosphorus pentasulfide, R,S, where R is hydrocarbyl,
08 and x is at least 2, inorganic sulfides or inorganic
09 polysulfides, thioacetamide, thiourea, mercaptans of
10 the formula RSH where R is hydrocarbyl, or a

11 sulfur-containing antioxidant.

12

13 3. The fuel composition of Claim 2, wherein the sulfur
14 source for component (1) is sulfur, hydrogen sulfide,
15 phosphorus pentasulfide, R,S, where R is C 4

16 hydrocarbyl, and x is at least 3, inorganic sulfides,
17 or inorganic polysulfides, thicacetamide, thiourea or
18 RSH where R is C;4p alkyl, and the acidic molybdenum
19 compound is molybdic acid, ammonium molybdate, or

20 alkali metal molybdate.

21

22 4. The fuel composition of Claim 3, wherein said sulfur
23 source is sulfur, hydrogen sulfide, RSH where R is Cj o
24 alkyl, phosphorus pentasulfide, or (NH,),S,, where x/
:: is at least 1, said acidic molybdenum compound is

29 molybdic acid, or ammonium molybdate, and said basic
28 nitrogen compound is a succinimide, carboxylic acid
29 anide, or Mannich base.

30

a1 5. The fuel composition of Claim 4, wherein said basic
32 nitrogen compound is a Cy4 359 hydrocarbyl succinimide,
33 carboxylic acid amide, or a Mannich base prepared from
34 a Cg,q0 alkylphenol, formaldehyde, and an amine.
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startimg material, e g— olefinically unsaturated conpounds, wi th sulfur,
sulfu and sul fur dichloride. Particularly preferred are the
‘par af "w @ descrl bed in U S Patent No. 2, 346, 156. Sul furized

al kyl netal salts thereof include conpositions such as
sulfurlzed dodecylphenol and the cal ciyqsalts thereof. The al kyl group
ordinarily contains - 14- from 9-300
Carbon atons. The nmetal salt may be preferably, a Goup | or Goup Il salt,
especially sodium cal cium nmagnesium or barium
01 6. The fuel composition of Claim 5, wherein said basic
02 nitrogen compound is a polyisobutenyl succinimide
03 prepared from polyisobutenyl succinic anhydride and
04 tetraethylene pentamine or triethylene tetramine.
0S5
06 7. The fuel composition of Claim 5, wherein said basic
07 nitrogen compound is a carboxylic acid amide prepared
o8 from one or more carboxylic acids of the formula
09 R?COOH, or a derivative thereof which upon reaction
10 with an amine yields a carboxylic acid amide, wherein
11 R? is C;,359 a8lkyl or Cjy3sp alkenyl and a hydrocarbyl
12 polyamine.
13
14 8. The fuel composition of Claim 7, wherein R? is C12:20
15 alkyl or Cjp5 alkenyl and the hydrocarbyl polyamine is
6
1 tetraethylene pentamine or triethylene tetramine.
17
18 ] [ [} (3 ] s
o 9. The fuel composition of Claim 5, wherein said basic
1 . . .
nitrogen compound is a Mannich base prepared from
20 .
: dodecylphencl, formaldehyde, and methylamine.
21
22 e s . . . ,
10. The fuel composition of Claim 5, wherein said basic
23 . . .
nitrogen compound is a Mannich base prepared from
:: Cgo-100 3lkylphenol, formaldehyde and triethylene
26 tetramine, tetraethylene pentamine, or mixtures
thereof.
27
28 , )
29 11. The fuel composition of Claim 1, wherein the polar
30 promoter is water.
31 . . . .
a2 12. The fuel composition of Claim 1, wherein the carboxylic
33 acid amide of component (2) is derived from a
34
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Preferred sulfur sources are sulfur, hydrogen sulfide, phosphorus
pentasulfl where R is hydrocarbyl, preferably Cerr]-Cerr]
al kyl, mﬂmﬂ(\)l“‘ ‘mg , nmercaptans wherein Ris (err]-Clerr] alkyl,
norganlc suld |1 desrand pblysulfldes t hi oacet am de, and thi ourea. Most
preferred sul fur sources are sul fur, bhygrogen sul fide, phosphorus
pentasulflde and i norganic sulfldes and pol ysul fi des. The pol ar pronoter
Used in the preparation of the nol ybdenum conpl exes enployed in this
invention is one which facilitates the interactigon between the acidic
mol ybde®im conpouesirisowely he é:xaﬁdoomitumgﬁnrmﬂtwm}UOOHA wheeeyar Retys of such
pronot egs are wel | knom? tg % f n the art. Typical pronoters are
1, 3- propanedi ol , 41220p8L%N d?B aﬂl% ehe YD1, butyl cellosol ve,

propyl e glycol, 1, 4- butyleneglycol nethyl carbitol et hanol am ne,

di et hangg am met di et han dlneth f or mam e, N-nethyl
ciethanedam e, Mede il Sebenal e eI hetet hy)
sul f oxi U®g, hexanes\hydzlqnmmmﬁmmonmt amy)drm‘ weanivadd fammer . Pref err ed

are wat@é and et iyl ppes GhyEMy1 RAldd i ATdnhAld, GheretRtsle

07 polyisobutenyl group contains from about 50 to

08 250 carbon atoms, and an ethylene amine.

09

10 14. The fuel composition of Claim 1, wherein the lubricant
11 composition contains about 0.05 to 15% by weight of the
12 molybdenum-containing composition of component (1),

13 about 0.05 to 20% by weight of the carboxylic acid

14 amide of component (2), and about 0.05 to 15% by weight
15 of the succinimide of component (3).

16

17 15. The fuel conmposition of Claim 1, wherein the molybdenum
18 complex is reacted with the sulfur-containing compound
19 in an amount sufficient to provide about 2.0 to

20 4.0 atoms of sulfur per atom of molybdenum.

21

22 16. The fuel composition of Claim 15, wherein the

23 molybdenum complex is reacted with the

24 sulfur-containing compound in an amount sufficient to
25 provide about 2.5 to 4.0 atoms of sulfur per atom of

26 molybdenum.

27

28 17. The fuel composition of Claim 1, wherein the additive
29 formulation further contains a flocculant inhibitor.

30

31 18. The fuel composition of Claim 17, wherein the additive

32 formulation further contains a lubricity agent.
33
34
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While ordinarily the polar pronoter is separately added to the reaction

m I be present, particularly in the case of water, as a
comuu"mmﬂummrous starting materials or as waters of hydration in
the acidi ¢ mdl ybdehum conpound, such as (NH err]M[err]Jerr].4 Herr]O.
MWater may al so be added as ammoni um hy#gexi de.

-.15- A nethod for preparing the nol ybdenum sul fur conpl exes used in this

invention is to prepare a solution of the acidic nol ybdenum precursor and a

pol ar pronDter W th a basic nitrogen-containing conpound with or w thout
di | uent®! Thel®. A method for reducing engine deposits and piston ring

62 sticking in a two-cycle engine which comprises

03 operating the two-cycle engine with a fuel composition
04 comprising a major amount of fuel boiling in the

‘05 gasoline range and a minor amount of a lubricant

o6 composition comprising:

07

08 (A) a major amount of a base o0il of lubricating

09 viscosity, and

10

11 (B) a minor amount effective to reduce engine deposits
12 and piston ring sticking of an additive

13 formulation comprising: '

14

15 (1) a sulfurized molybdenum-containing

16 composition prepared by (i) reacting an

17 acidic molybdenum compound and a basic

18 ' ~ nitrogen compound selected from the group

19 consisting of a succinimide, a carboxylic

20 acid amide, a hydrocarbyl monoamine, a

21 hydrocarbyl polyamine, a Mannich base, a

22 phosphoramide, a thiophosphoramide, a

23 phosphonamide, a dispersant viscosity index
24 improver, or a mixture thereof, in the

25 _ presence of a pclar promoter, to form a

26 molybdenum complex wherein from 0.01 to

27 2 atoms of molybdenum are present per basic
28 ‘nitrogen atom, and the promoter is present in
29 the ratio of 0.01 to 50 moles of polar

30 promoter per mole of molybdenum; and

31 (ii) reacting the molybdenum complex with a
32 sulfur-containing compound in an amount

33 sufficient to provide about 1.5 to 4.0 atoms
34 of sulfur per atom of molybdenum, to thereby
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di Fuent—+s—used;—i f necessary, to provide a suitable viscosity for easy
lcal diluents are lubricating oil and |liquid conpounds
con'zj;’”@iﬂ@jﬁl&m n and hydrogen. |f desired, anmoni um hydroxide may
al s reactlon m xture to prOV|de a solution of ammoni um
.nol ybdate. This reactlon Is carried ouamt a tenperature fromthe nelting
point of the mxture to reflux tenperature. It is ordinarily carried out at
at nospheric pressure although higher or |ower pressures may be used if
desired. This reaction mxture is treated with a sulfur source as defined
above a®la suitabl e pressur&ozmdat eHpEpraruandf vplyhdenunteentainingt o react
wi th thegzaci di c nol ybdenum apgpbBast§oRist rogen conpounds. In sone cases,
rem)valo f water fromthe reacglon mxt ur e may be desirable prior to
conpl eti'dn of reaction with the sul fur source. In the reaction m xture,
t he ratiod of nol ybdenurnt2¢onpocadbbayhdsi achdt amjj@e; cangound i s not
criticalgg however, as the anpunt of nolybdenumw th respect to basic
nltrogen |ncreases the filtration of the product becones nore difficult.
Since t 198 nnlybdenun1cdﬁﬁonénﬁusﬁéDAEl9e@I|goner|zes it is advantageous to
add as mych nol ybdenum as can easily be maintained in the conposition.

Usual | v, . .
y08 20. The method of Claim 19 wherein the sulfur source for

09 component (1) is sulfur, hydrogen sulfide, phosphorus

10 pentasulfide, R,S, where R is hydrocarbyl, and x is at

11 least 2, inorganic sulfides or inorganic polysulfides,

12 thicacetamide, thiourea, mercaptans of the formula RSH

13 where R is hydrocarbyl, or a sulfur-containing

14 antioxidant.

15

16 23. The method of Claim 20 wherein the sulfur source for

17 component (1) is sulfur, hydrogen sulfide, phosphorus
18 pentasulfide, R,S, where R is C;4 hydrocarbyl, and x is

19 at least 3, inorganic sulfides, or inorganic

20

polysulfides, thioacetamide, thiourea or RSH where R is

21 Ci4o alkyl, and the acidic molybdenum compound is

22 molybdic acid, ammonium molybdate, or alkali metal

23 molybdate.

24

25 22. The method of Claim 21 wherein said sulfur source is
. 26 sulfur, hydrogen sulfide, RSH where R is Cy ;¢ alkyl,

27 phosphorus pentasulfide, or (NH4),S,., where x’ is at

:: least 1, said acidic molybdenum compound is molybdic

30 acid, or ammonium molybdate, and said basic nitrogen

31 compound is a succinimide, carboxylic acid amide, or

32 Mannich base.

33

34
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the reaction mxture will have charged to it fromO0.01 to 2.00 atons of
nnlybdtuﬂ trogen atom Preferably fromO0.4 to 1.0, and nost
prefer m;mmﬁﬂmwu at ons of nol ybdenum per atom of basic nitrogen
s added tH the meactkon mxture - 16-
The sul fur source is usually charged tgithe reaction mxture in such a
ratio to provide 1.5 to 4.0 atonms of sul fur per atom of nolybdenum
Preferably from2.0 to 4.0 atons of sulfur per atom of nolybdenumis added,

and nost preferably, 2.5 to 4.0 atons of sulfur per atom of nolybdenum
01 23. The method of Claim 22 wherein said basic nitrogen

02 compound is a Cy4.359 hydrocarbyl succinimide,

03 carboxylic acid amide, or a Mannich base prepared from
04 a Cg,oo alkylphenol, formaldehyde, and an amine.

0s

06 24. The method of Claim 23 wherein said basic nitrogen

07 compound is a polyisobutenyl succinimide prepared from
08 polyisobutenyl succinic anhydride and tetraethylene

09 pentamine or triethylene tetramine.

10

1 25. The method of Claim 23 wherein said basic nitrogen

12 compound is a carboxylic acid amide prepared from one
13 or more carboxylic acids of the formula RZCOOH, or a
14 derivative thereof which upon reaction with an amine
15 yields a carboxylic acid amide, wherein R? is C12-350
16
17 alkyl or Cjp350 alkenyl and a hydrocarbyl polyamine.
18 _ o
19 26. The method of Claim 25 wherein R is Cjy 5 alkyl or
20 Ci2.20 alkenyl and the hydrocarbyl polyamine is
21 tetraethylene pentamine or triethylene tetramine.
22 _
23 27. The method of Claim 23 wherein said basic nitrogen
24 compound is a Mannich base prepared from dodecylphenol,
25 formaldehyde, and methylamine.
26
27 28. The method of Claim 23 wherein said basic nitrogen
28 compound is a Mannich base prepared from Cgg.j00
29 alkylphenol, formaldehyde and triethylene tetramine,
30 tetraethylene pentamine, or mixtures thereof.
31
32 29. The method of Claim 19 wherein the polar promoter is
33 water.
34
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The potar—pronoter;, " wWhich is preferably water, is ordinarily present in the
rati o of of pronoter per nole of nolybdenum Preferably
“from O. qmmwgm“m:ﬂm referably 1.0 to 15 noles of the pronoter is
present @f ﬂnly denum As descri bed above, the additive
~formlation enployed in the present ingegation contains (1) a sulfurized
nnlybdenun}contalnlng conposition, (2) a carboxylic acid am de, and (3) a
§ucci ni m de. The carboxylic am de conponent of the presently enpl oyed
additive fornulation may be any of the carboxylic acid am de conpounds
desclri bet he?el n gﬁemﬁfubdi@ftmmepmrmémmftnéle:am@qamwrﬁm fur

conpl exqa Preferred carbo | a cl ude am des
derived ¥r0n1a cafBd ?I? %$%§§+§% g% o$$h§g¥%¥garﬁ éggﬁﬁ' err] S
Cerr]-@Berr] al kgtidanfl tine ef oheha 00, siherein |esh9{2emeaﬂ.lwiam ne

or tet[?ethylene Qﬁ&t§ﬂ1g€hy1e5%r3$fﬂéy’ t he succi ni m de conponent of the
presently
)

06 31. The method of Claim 19 wherein the succinimide of

07 component (3) is derived from polyisobutenyl succinic
08 anhydride, wherein the polyisobutenyl group contains

09 from about 50 to 250 carbon atoms, and an ethylene

10 amine.

11

12  32. The method of Claim 19 wherein the lubricant

13 composition contains about 0.05 to 15% by weight of the
14 molybdenum-containing composition of component (1),

is about 0.05 to 20% by weight of the carboxylic acid

16 amide of component (2), and about 0.05 to 15% by weight
17 of the succinimide of component (3).

18

19 33. The method of Claim 19 wherein the molybdenum complex
20 is reacted with the sulfur-containing compound in an

21 amount sufficient to provide about 2.0 to 4.0 atoms of
22 sulfur per atom of molybdenunm.

23

24 34. The method of Claim 33 wherein the molybdenum complex
25 is reacted with the sulfur-containing compound in an

26 amount sufficient to provide about 2.5 to 4.0 atoms of
27 sulfur per atom of molybdenum.

28

29 35. The method of Claim 19 wherein the additive formulation
30 further contains a flocculant inhibitor.

31

32 36. The method of Claim 35 wherein the additive formulation
33 further contains a lubricity agent.

34

il



enpl oyed additive fornul ation may be any of the succinim de conpounds
descri bed herein as useful in the preparation of the mblybdenunt sul fur
conpl ex. Preferred succinim de conponents include those derived from
pol yi sobut enyl succini c anhydride, wherein the polyisobutenyl group
.contains fromabout 50 to 250 carbon aggss, and an ethyl ene
‘am ne, such as triethylene tetramne or tetraethyl ene pentani ne. The
additive formul ation enployed in the present invention may additionally
contain a flocculant inhibitor and/or a

01 ABSTRACT OF THE DISCLOSURE

02
03 A fuel composition for two-cycle engines comprising a major

*

04 amount of fuel boiling in the gasoline range and a minor
oS amount of a lubricant composition comprising a base oil of
06 1ubricatinq viscosity and an additive formulation comprising
07 (1) a molybdenum/sulfur complex of a basic nitrogen

o8 compound, (2) a carboxylic acid amide, and (3) a

09 succinimide.

10

11

12

13

14

b §

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32
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N\,yﬁbricity agent, such as a polyisobutene. If necessary;fa\
“al so be included. O her additives such as V|SCO§|ty |ndex |nprovers i ok
anti oxi dants, dispersants, coupling agents, podrVﬁOInt depressan&gn gxtrgge
pressure agents, color stabilizers, rust inhibitors, antdCOLKOSIOH agenu
and the like, may also be present in th.addltlve/fornulatlon The -
| ubri cant conposition enployed in the present iinvention conprlses ¥l Wﬁ]

—

anount of a base oil of lubricating viscosity and a..m.nor anount / &he
additive formul ati on descri bed above. The base:oil: enplﬁyedwﬂaﬁg any of
a wide variety of oilsFUEL COMPOSTTIPN i ROR IWQ-CYRLE  ENCENESRSe oi | can be

a refined paraffin type base oil, a refined naphthenic base oil, or a
synt heti ¢ hydrocarbon or non- hydrocarbon oi | of Iubrlcat|ng VISCOSIty The
base oil can al so be a m xt uk& gk ol oiI's. For purposes

of the present invention, the n1nera|rlubr|cat|ng 0|Is are preferred, since

The present ihventlon relates to a fuel composition for
two-cycle internal combustion engines which comprises a
major amount of fuel boiling in the gasoline range and a
minor amount of a lubricant composition comprising a
lubricating 0il and an additive formulation containing a
molybdenum/sulfur complex of a basic nitrogen compound.

Over the past several decades the use of spark-ignited
two-cycle (two-stroke) internal combustion engines including
rotary engines such as those of the Wankel type has steadily
increased. They are presently found in power lawn mowers
and other power-operated garden equipment, power chain saws,
pumps, electrical generators, marine outboard engines,
snowmobiles, motorcycles, and.the like.

The increasing use of two-cycle engines coupled with
increasing severity of the conditions in which they have
operated -has led to an increasing demand for oils to
adequately lubricate such engines. Among the problems
associated with lubrication of two~cycle engines are piston
ring sticking, rusting, lubrication failure of connecting
rods and main bearings and the general formation on the
engine’s interior surface of carbon and varnish deposits.
The formation of varnish is a particularly vexatious problem
since the build-up of varnish on piston and cylinder walls
is believed to ultimately result in ring sticking which
leads to failure of the sealing function of piston rings.
Such seal failure causes loss of cylinder compression which
is particularly damaging in two-cycle engines because they
depend on suction to draw the new fuel charge into the

P\acementSheet

Nﬂ\; q.::_ : ot

This is the @

pDate:

uent ok T nEy ™

1
H



4

they are presently in nore general use in two-cycle engines. The
" presently enployed |ubricant conposition containing the additive
formul ati on descri bed herein can be conveniently prepared using
conventional techniques by adm xi ng the appropriate anount of each
conponent of the additive forrmulation2with a |ubricating oil
- 18- Cenerally, the anount of the nol ybdenum containing additive wll

vary from about

0.05 to 15% by weight and preferably fromabout 0.2 to 10%

by wei ght, based on the total |ubricang congpsition, i ncl udi ng base oil
s

The carboxgkhausted cylinder. Thus, ring

icking can lead to

deterioration in engine performance, and unnecessary
consumption of fuel and/or lubricant. Spark plug fouling

and engine port plugging problems also occur in two-cycle
engines.

A vériety of compounds have been proposed as additives for
fuel-lubricating oil mixtures to be used in two-cycle
internal combustion engines. For example, U.S. Patent

No. 4,708,809 to Davis discloses a lubricant composition for
two-cycle engines comprising a major amount of an oil of
lubricating viscosity and a minor amount of at least one
alkyl phenol having at least one hydrocarboh-based group of
at least 10 aliphatic carbon atoms. Preferably, such
lubricant composition will also contain a detergent-
dispersant additive selected from (i) a neutral or basic
metal salt of an orqéhic sulfur acid, phenol or carboxylic

acid,

(ii) a hy&rocarbylrsubstituted amine, (iii) an

acylated, nitrogen-containing ‘compound having a substituent
of at least 10 aliphatic carbon atoms, (iv) a
nitrogen~containing condensate of a phenol, aldehyde and
amino compound, and (vj an ester of a substituted
polycarboxylic'acid.

U.S. Patent No. 4,724,091 to Davis discloses a lubricant
composition for two-cycle engines comprising a.major amount
of an oil of lubricating viscosity and a minor amount of a
mixture of at least one alkyl phenol and at least one amino
phenol, each phenol having at least one hydrocarbon-based
group of at least about 10 aliphatic carbon atoms.
Preferably, this composition will additionally contain a
detergent-dispersant additive.
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4

_ atid ani de component will vary from about 0.05 to 20% by wei ght and
“preferably fromabout 0.2 to 15% by wei ght. The succi ni mi de conponent wil |
vary fromabout 0.5 to 15% by wei ght and preferably fromabout 0.2 to 10%

by wei ght. The two-cycl e engine fuel conposition contenplated by the

present invention conprises a major apeunt of fuel boiling in the gasoline
range and m nor anmount of the |ubricant conposition disclosed herein. For
pur poses of the present invention, the lubricant conposition will generally

be added directly to the fuel to forma m xture of |ubricant and fuel which
is then |ﬁWr%duE%ﬁehhtﬁothé:?@@vé?éléOeHthé G?Iahdedlsctnﬁesaaly, t he

resul ting iwhe&meos.bhbeelmbh egpt ewa E?Eﬂhaéﬂlﬁnéé &eméég tg fuel per

1 part lubrigant, and nore typically_a to”100 part per 1 part
| ubri cant .™ERPE %ﬂ%“?ﬁo°§y€?e°éﬁg?ﬁe1HBEPFE§PPﬁn§159H§1FUbPP@aﬂtmﬁ§9rbe
directly iapeahtdofnae ubeseoahustsumnuehaaaeamwnghwnbm bhembtah saitnto

the fuel | ysLy BbEOhatfnk"ge! L0Bst Bnb Ry BbRE B B2 ERAPYLLE o ENSEDE!

least 10 aliphatic carbon atoms. This lubricant composition

will also preferably contain a detergent-dispersant
additive.

U.S. Patent No. 4,705,643 to Nemo discloses a lubricating
oil composition for two-cycle engines comprising a
lubricating oil and an ashless detergent additive which is
the hydrolyzed reaction product of an aliphétic branched
chain carboxylic acid of 16 to 20 carbon atoms and a
polyamine of at least 3 amine groups. Preferably, the
ashless detergent additive is the hydrolyzed reaction -
product of isostearic acid and tetraethylenepentamine.

U.8. Patent No. 4,954,196 to Kagaya et al. discloses a
two~cycle engine oil composition comprising a base oil and a
calcium phenate detergent additive, wherein the base oil is
a mixture of (a) a copolymer of an alpha-olefin with an

ester of a dicarboxylic acid and (b) an ester of
pentaerythritol and a fatty acid.

U.S. Patent No. 3,888,776 to Silverstein discloses a
two-cycle engine lubricant- which comprises a major amount of
a polypropylene glycol and minor amounts of a sulfurized
oxymolybdenum organophosphorodithioate, a finely divided
molybdenum'disulfide and a halogenated hydrocarbon
detergent, such as 1,1,1-trichloroethylene,
orthodichlorobenzene, perchlorinated biphenyl, and the like.
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The fuel enployed in the present fuel conposition is a hydrocarbon
“distillate fuel boiling in the gasoline range. In such gasoline fuels,

ot her fuel additives may al so be included such as anti knock agents, e.g.,
met hyl cycl opent adi enyl manganese tricarbonyl, tetranethyl or tetraethy

| ead, or other dispersants or detergéﬁfs such as various substituted

am nes, etc. Also included may be | ead scavengers such as aryl halides,
e.g., dichlorobenzene or -19- _al kyl

doact | vat oS YBRERGRG Ha B0nbT exei s, BATS S niagl, EBRpRunda e f or
may be prep&gviously been described in the art as useful antioxidant
additives for lubricant compositions finding application,
for example, as crosshead diesel engine lubricants,
automobile and railroad crankcase lubricants, lubricants for
heavy machinery, greases for bearings, and the like.

For example, U.S. Patent No. 4,263,152 to King et al.

- discloses an antioxidant additive for lubricating oils which
is prepared by combining an acidic molybdenum compound, a
polar promoter, a basic nitrogen-containing compound and a
sulfur source to form a molybdenum and sulfur-containing
complex. Similar molybdenum-containing antioxidant
additives are disclosed in U.S. Patent Nos. 4,285,822;
4,283,295; 4,272,387; 4,265,773; 4,261,843; 4,259,195; and
4,259,194. However, none of these patents teaches or
appreciates the use of such antioxidant additives, or
lubricating oils containing such additives, in admixture
with fuels in two-cycle engines. Furthermore, none of these
patents teaches or appréciates that such antioxidant
additives would be effective deposit control agents or would
reduce piston sticking when utilized in fuel-lubricating oil
mixtures in two-cycle engines.

Moreover, as taught in the aforementioned U.S. Patent

No. 4,708,809, the unique problems and techniques associated
with the lubrication of two-cycle engines has led to the
recognition by those skilled in the art of two-cycle engine
lubricants as a distinct lubricant type.

Accordingly, the present invention is directed to minimizing
the problems of varnish build-up and ring sticking in
two~cycle engines through the provision of effective
additives for fuel-lubricating oil combinations which
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The follow ng exanples are presented to illustrate specific enbodi nents of

this invention and are not to be construed in any way as limting the scope
of the invention. EXAMPLES

Exanple 1 To a 5000 M flask was added 114 grans nol ybdenum trioxi de and
196 grans of water. Stirring was stawsed and 1200 grans of a solution of a

45% concentrate in oil of the polyisobutenyl succinimde prepared from

pol yi sobut enyl succinic anhydri de havi ng a nunber average nol ecul ar wei ght

for the polyisobutenyl group of about 950 and tetraethyl ene pentam ne, and

1200 gr ansedfinfpatec arbyrdukentwo-gycd eadigd neTvanm behurdepesi tefdnded at

100[err] C HestdnN24hy s&hS FaTRGrature was gradual ly increased over
approximately 1 hour 'to 170[err]C while distilling water. The tenperature
was mnai ntai ned an additional hour after the water was renpved.

SUMMARY OF T NVENTION

The present invention provides a fuel composition for
two-cycle engines comprising a major amount of fuel boiling

in the gasoline range and a minor amount of a lubricant
composition comprising:

(A) a major amount of a base o0il of lubricating viscosity,
and

(B) a minor amount of an additive formulation comprising:

(1) a sulfurized molybdenum-containing composition
prepared by (i) reacting an acidic molybdenum
compound and a basic nitrogen compound selected
from the group consisting of a succinimide, a
carboxylic acid amide, a hydrocarbyl monocamine, a
hydrocarbyl polyamine, a Mannich base, a
phosphoramidé, a thiophosphoramide, a
phosphonamide, a dispersant viscosity index
improver, or a mixture thereof, in the presence of
a polar promoter, to form a moiybdenum complex
wherein from 0.01 to 2 atoms of molybdenum are
present per basic nitrogen atom, and the promoter
is present.in the ratio of 0.01 to 50 moles of
polar promoter per mole of molybdenum; and
(ii) reacting the molybdenum complex with a
sulfur-containing compound in an amount sufficient
to provide about 1.5 to 4.0 atoms of sulfuf per
atom of molybdenum, to thereby form a sulfur- and
molybdenun~-containing composition,
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~The tenperature was |lowered to 100[err] G 120[err]C and the m xture filtered
and returned to the reaction vessel. To the solution was added 51 grans of
sul fur. The m xture was heated to 160C-180[err]C for 7 hours. The pressure
was slowy reduced to about 50 nmof nercury to renove the hydrocarbon
thinner. This produced 1244 grans of T®oduct containing 1.80% nitrogen,

5. 63% nol ybdenum and 3. 57% sul fur. - 20-
Exanpl e 2 To a 5000 m flask was added 52 granms nol ybdenum tri oxi de and
111 grans of water. Stlrmrga S star d 1184 gr ams

(2) a carbokylic aci aml e,

(3) a succininmide.

Among other factors, the present invention is based upon the
unexpected discovery that additive formulations containing a
molybdenun/sulfur complex of a basic nitrogen comﬁound, plus
a carboxylic acid amide and a succinimide are surprisingly
effective agents for deposit control and reduction of piston
ring sticking when combined in fuel-lubricating oil mixtures
in two-cycle engines.

DETAILED DESCRIPTION OF THE INVENTION

The fuel composition of the present invention will comprise
a major amount of fuel boiling in the gasoline range and a
minor amount of a luﬁricanﬁ'compositioh comprising a base
oil of lubricating viscosity and an additive formulation
containing (1) a sulfurized nolybdenun-containing
composition, (2) a carboxylic acid amide, and (3) a
succinimide.

The sulfurized molybdenum-containing composition employed in
the present invention may be generally characterized as a
molybdenum/sulfur complex of a basic nitrogen compound.

Such molybdenum/sulfur complexes are known in the art and
are described, for example, in U.S. Patent No. 4,263,152 to
King et al., the disclosure of which is hereby incorporated
by reference.

The precise molecular formula of the molybdenum compositions
employed in this invention is not known with certainty;
however, they are believed to be compounds in which
molybdenum, whose valences are satisfied with atoms of
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of a solution of a 45% concentrate in oil of the succinimde described in
 Exanple 1 and 1184 grans of hydrocarbon thinner were added. The m xture was
refluxed at 100[err]C for 3 hours. The tenperature was gradually increased
over approximately 1 hour to 170[err]C while distilling water. The
tenperature was nai ntai ned an additi 6ifal hour after the water was renoved.
The tenperature was |owered to 100[err]C 120[err]C and the m xture filtered
and returned to the reaction vessel. To the solution was added 47 grans of

sul fur. Th Lxtur t t - ] 7 S.e The
pressure w§§( }Z)]V\Ao? \rggl tfjé%g tq% aegcﬁh%ql’sg{%‘lﬁqo&e?r({eggﬁ ;5,{ 3{1}%%\?‘%{{ ﬁfe’
hydr ocar boenehorn&or e id-nadgetu @dbn f diensbadig midimageso it imging 94%

nitrogen, ZofP¥umel YRERNUA MY dptidiilof th itions.
Exanpl e 3 T% a 5000 m flask &gggéhded 49 gramfﬁﬁﬂiﬂﬁﬁgﬁﬁnﬁ%qimide and

105 grans of water. Stirring was started and 1133 grans of a solution of a
45% concentTheat molybddnux ddmpaureis nisedetalqueepdesl the Exanple 1 and 1133

Shars, o) KAV AURE S0 S a4 60 BSOS e

approxinatépﬁdic molybdenum compounds. By acidic is meant that the
molybdenum compounds will react with a basic nitrogen
compound as measured by ASTM test D-664 or D-2896 titration
procedure. Typically these molybdenum compounds are '
hexavalent and are represented by the following
compositions: molybdic acid, ammonium molybdate, sodium
molybdate, potassium molybdate and other alkaline metal
molybdates and other molybdenum salts such as hydrogen
salts, e.g., hydrogen sodium molybdate, MoOCl,, MoO,Br,,
M0,0,Cl5, molybdenum trioxide or similar acidic molybdenum
compounds. Preferred acidic mdlybdénum compounds are
molybdic acid, ammonium molybdate, and alkali metal

molybdates. Particularly preferred are molybdic acid and
ammonium molybdate.

The basic nitrogen compound used to prepare the
molybdenum/sulfur complexes must have a basic nitrogen
‘content as measured by ASTM D-664 or D-289%96. It is
preferably oil-scluble. Typical of such compositions are
succinimides, carboxylic acid amides, hydrocarbyl
monoamines, hydrocarbon polyamines, Mannich bases,
phosphoramides, thiophosphoramides, phosphonamides,
dispersant viscosity index improvers, and mixtures thereof.
These basic nitrogen-containing compounds are described
below (keeping in mind the reservation that each must have
at least one basic nitrogen). Any of the
nitrogen~containing compositions may be after-treated with,

This is the replacement sheet

Date:  § B NOY 1996



1 hour to 170[err]C while distilling water. The tenperature was nai ntai ned
" an additional hour after the water was renoved. The tenperature was | owered
to 100[err]C120[err]C and the m xture filtered and returned to the
reaction vessel. To the solution was added 22 grans of sulfur. The m xture
was heated to 160[err] G- 180[err] C for “B~hours. The pressure was slowy
reduced to about 50 mm of nercury to renove the hydrocarbon
-21- thinner. This produced 1163 granms of product containing 1.83%

i 0, 0,
E;;Lg?gnh 2'J%§?f“ﬂ3¥§¥¥"ﬁ iﬁ%“%f%é%éé¥g£1ggil known in the art so long

as the compositions continue to contain basic nitrogen.
These after-treatments are particularly applicable to
succinimides and Mannich base compositions.

The mono and polysuccinimides that can be used to prepare
the molybdenum/sulfur complexes described herein are
disclosed in numercous references and are well known in the
art. Certain fundamental types of succinimides and the
related materials encompassed by the term of art
"succinimide" are taught in U.S. Patent Nos. 3,219,666;
3,172,892; and 3,272,746, the disclosures of which are
hereby incorporated by reference. The term "succinimide" is
understood in the art to include many of the amide, imide,
and amidine species which may also be formed. The
predominant product however is a succinimide and this term
has been generally aécepted as meaning the product of a
reaction of an alkenyl substituted succinic acid or
anhydride with a nitrogen-containing compound. Preferred
succinimides, because of their commercial availability, are
'those succinimides prepared from a hydrocarbyl succinic
anhydride, wherein the hydrocarbyl group contains from about
24 to about 350 carbon atoms, and an ethylene amine; said
ethylene amines being especially characterized by ethylene
diamine, diethylene triamine, triethylene tetramine, and
tetraethylene pentamine. Particularly preferred are those
succinimides prepared from polyisobutenyl succinic anhydride
of 70 to 128 carbon atoms and tetraethylene pentamine or
" triethylene tetramine or mixtures thereof.

Also included within the term “succinimide" are the
cooligomers of a hydrocarbyi succinic acid or anhydride and
a poly secondary amine containing at-least one tertiary
amino nitrogen in addition to two or more secondary amino
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To a 5000 m flask was added 1200 grans of a pol yam de prepared froma
‘Clerr] carboxylic acid and tetraethyl ene pentamni ne and containing 6.4%
nitrogen, 1200 grans hydrocarbon thinner, 42 grans nol ybdenumtri oxi de, and
90 grans water. The mi xture was refluxed at 100[err]C for 3 hours. The
tenperature was gradually increased owst approximately 1 hour to 170[err]C
while distilling water. The tenperature was nai ntai ned an additional hour
after the water was renoved. The tenperature was |owered to

100[err] G- 120[err] C and the m xture filtered and returned to the reaction
vessel . Tayudupss.ol rdinamisl ydiheids Zioxgmsﬁthbn shad Uvetwden nl x500 eandis

heated to 694 ] -gé%ﬁ r J%?& ﬁﬁf%ﬁ%? duced
to about 5 é aQr(: éa%%f%éﬁ%ﬁ% t ?@drocar on t |H%@$°&#%Y%gp¥§duced
a product d%hf%h%ﬁrﬂf%PQEﬁérFXrﬁﬁﬂﬁquﬁzﬁp Ysomteanind swecindlos sul fur.
Exanpl e 5 anihfaride ienuetispl dng b eres5iwé. Exanples 1, 2 and 4 were

Carboxylic acid amide compositions are also suitable
starting materials for preparing the molybdenum/sﬁlfur
complexes employed in this invention. Typicai of such
compounds are those disclosed in U.S. Patent No. 3,405,064,
the disclosure of which is hereby incorporated by reference.
These compositions are ordinarily prepared by reacting a
carboxylic acid or anhydride or ester thereof, having at
least 12 to about 350 aliphatic carbon atoms in the
principal aliphatic chain and, if desired, having sufficient
pendant aliphatic groups to render the molecule oil soluble
with an amine or a hydrocarbyl polyamine, such as an
ethylene amine, to give a mono or polycarboxylic acid amide.
Preferred are those amides prepared from (1) a carboxylic
acid of the formula chOOH, where R? is Ciz.90 alkyl or a
mixture of this acid with a polyiscbutenyl carboxylic acid
in which the polyisobutenyl group contains from 72 to

128 carbon atoms and (2) an ethylene amine, especially

triethylene tetramine or tetraethylene pentamine or mixtures
thereof.

"Another class of compounds which are useful in this
invention are hydrocarbyl monoamines and hydrocarbyl
polyamines; preferably of the type disclosed in U.S. Patent
No. 3,574,576, the disclosure of which is hereby
incorporated by reference. The hydrocarbyl group, which is
preferably alkyl, or olefinic having one or two sites of
unsaturation, usually contains from 9 to 350, preferably
from 20 to 200 carbon atoms. Particularly preferred
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formul ated to provide |ubricant conpositions containing 10% of the

" carboxylic acid am de reaction product of isostearic acid and tetraethyl ene
pent am ne, 2% of a pol yi sobutenyl succinim de prepared from pol yi sobut enyl
succi ni ¢ anhydri de wherein the polyisobutenyl group has a nunber average
mol ecul ar wei ght of about 950 and t e€t¥%rt hyl ene pentamine, 2% of the

nol ybdenunt sul fur conpl ex of Exanples 1, 2 and 4, respectively, 5% of a

pol yi sobut ene havi ng a nunber average -22-

. H H 0
"ot bi tor , BT928raBbul Bty aBRnes , Brg, ShpSeo iRl crepagtiten” 187 babE o)
cont ai ns abeactiog pblyisdbubenyht cbilorkdeabodt a7pedyphliyderneure of 350N
and 650N polyamine, such as an ethylene amine, e.g., ethylene
diamine, diethylene triamine, tetraethylene pentamine,
2-aminocethylpiperazine, 1,3-propylene diamine,
1,2-propylenediamine, and the like.

Another class of compounds useful for supplying basic
nitrogen are the Mannich base compositions. These
compositions are prepared from a phenol or Cy,y
alkylphenol, an aldehyde, such as formaldehyde or
formaldehyde precursor .such as paraformaldehyde, and an
amine compound. The amine may be a mono or-polyamine and
typical compositions are prepared from an alkylamine, such
as- methylamine or an ethylene amine, such as, diethylene
triamine, or tetraethylene pentamine, and the like. The
phenolic material may be sulfurized and preferably is
dedecylphenol or a Q&Lum alkylphenol. Typical Mannich
bases which can be used in this invention are disclosed in
U.S. Patent No. 4,157,309 and U.S. Patent Nos. 3,649,229;
3,368,%72; and 3,539,663, the disclosures of which are
hereby incorporated by reference. The last referenced
patent discloses Mannich bases prepared by reacting an
aikylphenol having at least 50 carbon atoms, preferably 50
Ep 200 carbon atgms with formaldehyde and an alkylene
polyamine HN(ANH) H where A is a saturated divalent alkyl
hydrocarbon of 2 to 6 carbon atoms and n is 1-10 and where
the condensation product of said alkylene polyamine may be
further reacted with urea or thiourea. The utility of these
Mannich bases as starting materials for preparing
lubricating oil additives can often be significantly
improved by treating the Mannich base using conventional
techniques to introduce boron into the composition.
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neutral oils, and about 20% of a petroleumdistillate solvent.

Exanpl e 6

Two- Cycl e Gasol i ne Engi ne Test This test was

used to evaluate the detergency and general performance of the fuel

conposition of this invention in a twd-cycle water-cool ed out board engi ne.
Pi ston varnish, ring sticking and gerdral engi ne deposits were eval uat ed.

The test engine used was an Qutboard Marine Conpany Johnson Mdel No.
J70ELEI E out board engi ne, which is a 70 horsepower, water-cool ed,

three-cylinder, two-

break-in

cle en i ne. The te

at 4,000 rpolybdedulpsnl fusi compléxes: enplogedt inathdsofinv@éntion are

the phosphoramides and phosphonamides such as those
disclosed in U.S. Patent Nos. 3,909,430 and 3,968,157, the
disclosures of which are hereby incorporated by reference.
These compositions may be prepared by forming a phosphorus
compound having at least one P-N bond. They can be
prepared, for example, by reacting phosphorus oxychloride
with a hydrocarbyl diol in the presence of a monoamine or by
reacting phosphorus oxychloride with a difunctional
secondary amine and a mono~functional amine.
Thiophosphoramides can be prepared by reacting an
unsaturated hydrocarbon compound containinghfrom 2 to 450 or
more carbon atoms, such as polyethylene, polyisobutylene,
polypropylene, ethylene, l-hexene, 1,3-hexadiene,
isobutylene, 4-methyl-~ 1-pentene, and the like, with
phosphorus pentasulfide and a nitrogen-containing compound
as defined above, particularly an alkylamine, alkyldiamine,
alkylpolyamine, or én alkyleneamine, such as ethylene
diamine, diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, and the like. '

Another class of niﬁrogen-containing compositions useful in
preparing the molybdenum complexes employed in this
invention includes the so-called dispersant viscosity index
improvers (VI improvers). These VI improvers are commonly
prépared by functionalizing a hydrocarbon polymer,
especially a polymer derived from ethylene and/or propylene,
optionally containing additional units derived from one or
more co-mohomers such as alicyclic or aliphatic olefins or
diolefins. The functionalization may be carried out by a
variety of processes which introduce a reactive site or
sites which usually has at least one oxygen atom on the
polymer. The polymer is then contacted with a

This is the replacement sh

15 NOV 199

Date:

pr.ocedur e |nvolv d a two-hour

t
p%??%ﬂermﬁ%?é?nofh% BRQF hELGRSURR u& £9ro8yePAMNG: Yhehour, then

eel



The test was then conducted for 98 hours using a 50:1 fuel to |ubricant
‘ratio on a 55 mnute w de-open throttle, 5 mnute idle cycle. The total
test tinme, including break-in, was 100 hours. At the conclusion of the
test, the engine was di sassenbled and rated. The average piston rating and
average second-ring sticking rating fd2-3 cylinders was neasured. In the
rating system enpl oyed, the higher the nunmerical rating, the better the
cl eanliness performance, with 10.0 . -23-
nitrogeri~containing source to introduce nitrogen-containing
functional groups on the polymer backbone. Commonly used
nitrogen sources include any basic nitrogen compound
especially those nitrogen-containing compounds and
compositions described herein. Preferred nitrogen sources
are alkylene amines, such as ethylene amines, alkyl amines,
and Mannich bases.

Preferred basic nitrogen compounds for use in this invention
are succinimides, carboxylic acid amides, and Mannich bases.

Representative sulfur sources for preparing the molybdenum
complexes used in this invention are sulfur, hydrogen
sulfide, sulfur monochloride, sulfur dichloride, phosphorus
pentasulfide, R,S, where R is hydrocarbyl, preferably C;4
alkyl, and x is at least 2, inorganic sulfides and
~polysulfides such as-(Nﬁgzsx, where X is at least 1,
thicacetamide, thiourea, and mercaptans of the formula RSH
where R is as defined above. Also useful as sulfurizing
agents are traditional sulfﬁr-containing antioxidants such
as wax sulfides and polysulfides, sulfurized olefins,
sulfurized carboxylic and esters and sulfurized

ester-olefins, and sulfurized alkylphenols and the metal
salts thereof.

The sulfurized fatty acid esters are prepared by reacting
sulfur, sulfur monochloride, and/or sulfur dichloride with
an unsaturated fatty ester under elevated temperatures.
Typical esters include C;-C,; alkyl esters of Cg~Cy
unsaturated fatty acids, such as palmitoleic, oleic,
ricinoleic, petroselinic, vaccenic, linoleic, linolenic,
oleostearic, licanic, paranaric, tariric, gadoleic,
arachidonic, cetoleic, etc. Particularly good results have
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being the maxi numrating. Except for the piston rings, the ratings are for
cleanliness. The piston rings are rated for the degree of sticking, with a
rating of 10.0 indicating a conpletely free piston ring. The second-ring
sticking values include a National Mrine Manufacturers Associati on ( NVMA)
rating, a visual rating, and an adjodBed rating, which is an average of the

NVMA and vi sual ratings. The reference oil enployed in this test was NVVA
reference oil TCWII, used as an industry standard in two-cycle engine
tests to asure engi ne cJeanljness. The TCWII| reference oil is a standard
m neral | & Qﬂﬁhﬁq Wbt drbrery unsatverted) fathy «3cid; epkesant snsh

gasol : ne tam-az)é:lcﬂotﬁmgiémerdﬂﬂem:iﬂﬁsl efi@ts Oahdi SegEBabRé! Giiépn‘s&ﬁgas g
Pet r ol eum,Carp {i . . .+ ENQlng. test.runs_were rforme
w th e S0 BTt Tingeed i fi SLEVE 041 T ERPERL I3t L, B8 NRE CRlE !

cont ai ni ngapge ©il, fish oil, sperm oil, and so forth.

Exemplary fatty esters include lauryl tallate, methyl
oleate, ethyl oleate, lauryl oleate, cetyl oleate,‘cetyl
linoleate, lauryl ricinoleate, oleyl linoleate, oleyl

- stearate, and alkyl glycerides.

Cross-sulfurized ester olefins, such as a sulfurized mixture
of Cjp~Cys olefins with fatty acid esters of Cjy-C,5 fatty
acids and C;-C,5 alkyl ‘or alkenyl alcohols, wherein the

fatty acid and/or the alcohol is unsaturated may also be
used.

Sulfurized olefins are prepafed by the reaction of the C3~Cq
olefin or a low—molgcular-weighf pdlyoléfin derived
therefrom with a sulfur-containing compound such as sulfur,
sulfur monochloride, and/or sulfur dichloride.

Also useful are the aromatic and alkyl sulfides, such as
dibenzyl sulfide, dixylyl sulfide, dicetyl sulfide,
diparaffin wax sulfide and polysulfide, cracked wax-olefin
sulfides and so forth. They can be prepared by treating the
starting material, e.g., olefinically unsaturated compounds,
with sulfur, sulfur monochloride, and sulfur dichloride.
Particularly preferred are the paraffin wax thiomers
described in U.S. Patent No. 2,346,156.

Sulfurized alkyl phenols and the metal salts thereof include

compositions such as sulfurized dodecylphenol and the
calcium salts thereof. The alkyl group ordinarily contains
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nmol ybdenum sul fur conpl exes of Exanples 1, 2 and 4, fornul ated as descri bed
in Exanple 5. The results of the engine tests are shown in Table 1. The
results shown in Table 1 denonstrate that the fuel conposition of the
present invention is highly effective_jjfuLreducing piston deposits and
piston ring sticking in two-cycle engines, and generally exceeds the
performance of a fuel containing the industry standard reference oil

-24-

from 9-300 carbon atoms. The metal salt may be preferably,
a Group I or Group II salt, especially sodium, calcium,
magnesium, or barium.

Preferred sulfur sources are sulfur, hydrogen sulfide,
phosphorus pentasulfide, R,S, where R is hydrocarbyl,
preferably C;~C); alkyl, and x is at least 3, mercéptans
wherein R is C;-Cjp alkyl, inorganic sulfides and
polysulfides, thioacetamide, and thiourea. Most preferred
sulfur sources are sulfur, hydrogen sulfide, phosphorus
pentasulfide, and inorganic sulfides and polysulfides.

The polar promoter used in the preparation 6f the molybdenum
complexes employed in this invention is one which
facilitates the interaction between the acidic molybdenum
compound and the basic nitrogen compound. A wide variety of
such promoters are well known to those skilled in the art.
Typical promoters are 1,3-propanediol, 1,4~butane-diol,
diethylene glycol, butyl cellosolve, propylene glycol,
1,4-butyleneglycol, methyl carbitol, ethanolamine,
diethanolamine, N-methyl-diethanol-amine, dimethyl
formamide, N-methyl aéétamide, dimethyl acetamide, methanol,
ethylene glycol, dimethyl sulfoxide, hexamethyl
phosphoramide, tetrahydrofuran and water. Preferred are
water and ethyiene glycol. Part%cularly preferred is water.

While ordinarily the polar promoter is separately added to
the reaction mixture, it may also be present, particularly
in the case of water, as a component of non-anhydrous
starting materials or as waters of hydration in the acidic
molybdenum compound, such as (NHg)M0o70.4.4 Hy0. Water may
also be added as ammonium hydroxide.
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TABLE 1 TWO- CYCLE ENG NE TEST RESULTS
Average Rating for 3 Cylinders

Second- Ring Sticking Pi st on 2-Ring Under-

Addi tive Ski rt Crown Land Cr own NMVA Vi sual Adj. TCW
Il Reference Gl. 7.1 -1%=8 3.7 2.8 6.8

5.7 6.3 Exanpl e 1(a) 7.4 3.4 4.4 2.5 7.1 6.1
6.6 Exanpl e 4(a) 7.7 3.1 4.8 3.9 7.8 6.8

7.3 Exampl e 2(a) 7.8 3.4 4.4 3.3 8.5 6.5

7.5 (a)F@rmﬁ @ﬂ?'@WeEﬁgﬁﬁﬁetQF molybdenum/sulfgr complexes used

in this invention is to prepare a solution of the acidic
molybdenum precursor and a polar promoter with a basic
nitrogen-containing compound with or without diluent. The
diluent is used, if necessary, to provide a suitable
viscosity for easy stirring. Typical diluents are
lubricating oil and liquid compounds containing only carbon
and hydrogen. If desired, ammonium hydroxide may also be
added to the reaction mixture to provide a solution of
ammonium molybdate. This reaction is carried out at a
temperature from the melting point of the mixture to reflux
temperature. It is ordinarily carried out at atmospheric
pressure although higher or lower pressures'may be used if
desired. This reaction mixture is treated with a sulfur
source as defined above at a suitable pressure and
temperature for the sulfur source to react with the acidic
molybdenum and basic nitrogen compounds. In some cases,
removal of water fronm the reaétion mixture may be desirable
prior to completioﬁ of reaction with the sulfur source.

In the reaction mixture, the ratic of molybdenum compound to
basic nitrogen compound is not critical; however, as the
amount of molybdenum with respect to basic nitrogen
increases, the filtration of the product becomes more
difficult. Since the molybdenum component probably
cligomerizes, it is advantageous to add as much molybdenun
as can easily be maintained in the composition. Usually,
the reaction mixture will have charged to it from 0.01 to
2.00 atoms of molybdenum per basic nitrogen atomn.

Preferably from 0.4 to 1.0, and most preferably from 0.4 to
0.7, atoms of molybdenum per atom of basic nitrogen is added
to the reaction mixture.
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- 25- VWHAT IS CLAI MED | S: 1. A fuel conposition for two-cycle engines

conprising a maj or anmount of fuel boiling in the gasoline range and

a mnor amount of a |ubricant conposition conprising: (A a major
amount of a base oil of lubricating_;s_ viscosity, and (B) a
m nor anount of an additive fornul ation conpri si ng:

The sulfur source is usually charged to the reaction mixture
in such a ratio to provide 1.5 to 4.0 atoms of sulfur per
atom of molybdenum. Preferably from 2.0 to 4.0 atoms of
sulfur per atom of molybdenum is added, and most preferably,
2.5 to 4.0 atoms of sulfur per atom of molybdenum.

The polar promoter, which is preferably water, is ordinarily
present in the ratio of 0.1 to 50 moles of promoter per mole
of molybdenum. Preferably from 0.5 to 25 and most
preferably 1.0 to 15 moles of the promoter is present per
mole of molybdenum.

As described above, the additive formulation employed in the
present invention contains (1) a sulfurized
molybdenun-containing composition, (2) a carboxylic acid
amide, and (3) a suqcinimide.

The carboxylic amide component of the presently employed
additive formulatidn'may be any of the carboxylic acid amide
compounds described herein as useful in the preparation of
the molybdenum/sulfur complex. Preferred carboxylic acid
amide components include those amides derived from a
carboxylic acid of the formula chOOH, wherein R? is C12=Cyo

alkyl, and an ethylene amine, such as triethylene tetramine
or tetraethylene pentamine.

Similarly, the succinimide component of the presently
employed additive formulation may be any of the succinimide
compounds described herein as useful in the preparation of
the molybdenum/sulfur complex. Preferred succinimide
components include those derived from polyisobutenyl
succinic anhydride, wherein the polyisobutenyl group
contains from about 50 to 250 carbon atcms, and an ethylene



(1) a sulfurized nol ybdenum cont ai ni ng conposition prepared

by (i) reacting an aci di ¢ nol ybdenum conpound and a basic
nitrogen conpound sel ected fromthe group consisting of a
succi ni m de, a carboxylic acid am de, a hydrocar byl
nmonoan ne, a hydr ocarty?= pol yani ne, a Manni ch base, a
phosphoram de, a thi ophosphoram de, a phosphonam de, a

di spersant viscosity index i nprover, or a mxture thereof,
in the resenc p romoter, to forma

mol ybdenun?%ﬁﬁl'eﬁuﬁﬂegéi rflr-'gm%eaf ?“8%”‘ ine or '‘tetrapthyjeney

nol ybdenunpaneapiaeent per basic nitrogen atom and the
pronoter is present in the ratio of 0.01 to 50 nol es of
pol ar pronoter per nole of nol ybdenum and

(ii) reactThg eRdifdvepdormmlabipneemployes in the present invention

SU'fo‘ConhuganQLQQGEQQQQ an%&i%”@U&hocculant inhibiﬁaﬂfdﬁafﬂﬂ d0
provi de a per at om of

nDbedenu E%Fﬁéyeﬂﬁent' such as a HQ$¥ﬁ%f§§§ :;ﬁjnecessary, a
nol ybdenundddneatnioid may also be incledeshi tion,

Other additives such as viscosity index improvers,
antioxidants, dispersants, coupling agents, pour point
depressants, extreme pressure agents, color stabilizers,
rust inhibitors, anticorrosion agents, and the like, may
also be present in the additive formulation.

The lubricant composition employed in the present invention
comprises a major-: amount of a base oil of lubricating

viscosity and a minor amount of the additive formulation
described above.

The base o0il employed may be any of a wide variety of oils
of lubricating viscosity. Thus, the base oil can be a
refined paraffin type base o0il, a refined naphthenic base
oil, or a synthetic hydrocarbon or non-hydrocarbon oil of
lubricating viscosity. The base o0il can also be a mixture
of mineral and synﬁhetic oils. For purposes of the present
invention, the mineral lubricating oils are preferred, since
they are presently in more general use in two-cycle engines.

The presently employed lubricant composition containing the
additive formulation described herein can be conveniently
prepared using conventional techniques by admixing the
appropriate amount of each component of the additive
formulation with a lubricating oil.
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- 26- (2) a carboxylic acid am de, and (3) a

succi ni m de. 2. The fuel conposition of Caiml1, wherein the sulfur
source for conmponent (1) is sulfur, hydrogen sulfide, phosphor us
pentasul fide, Rlerr]S[err] where R is _hydrocarbyl, ~and x is at least 2,
i norganic sulf ides or inorganic ~B8Mysul fi des, thioacetanide, thiourea,
nmer capt ans of the formula RSH where R is hydrocarbyl, or a

sul fur-cont ai ni ng anti oxi dant.

Generally, the amount of the molybdenum-containing additive
will vary from about 0.05 to 15% by weight and preferably
from about 0.2 to 10% by weight, based on the total
lubricant composition, including base oil. The carboxylic
acid amide component will vary from about 0.05 to 20% by
weight and preferably from about 0.2 to 15% by weight. The
succinimide component will vary from about 0.5 to 15% by
weight and preferably from about 0.2 to 10% by weight.

The two-cycle engine fuel composition contemplated by the
present invention comprises a major amount of fuel boiling
in the gasoline range and minor amount of the lubricant
composition disclosed herein.

For purposes of the present invention, the lubricant
composition will generally be added directly to the fuel to
form a mixture of lubricant and fuel which is then
introduced into the two-cycle éngine cylinder. Generally,
the resulting fuel éompoéition-will contain from about 15 to
250 parts fuel per 1 part lubricant, and more typically
about 50 to 100 parts fuel per 1 part lubricant. For some
two-cycle engine applications, the lubricant may be directly
injected into the combustion .chamber along with the fuel or

into the fuel just prior to the time the fuel enters the
combustion chamber.

The fuel employed in the present fuel composition is a
hydrocarbon distillate fuel boiling in the gasoline range.
In such gasoline fuels, other fuel additives may also be
included such as antiknock agents, e.qg.,
methylcyclopentadienyl manganese tricarbonyl, tetramethyl or
tetraethyl lead, or other dispersants or detergents such as
various substituted amines, etc. Also included may be lead
scavengers such as aryl halides, e.qg., dichlorobenzene or
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.3. The fuel conposition of Claim?2, wherein the sulfur source for

conponent (1) is sulfur, hydrogen sulfide, phosphorus pentasul fide,
Rlerr]S[err] where Ris (err] hydrocarbyl, and x is at |east 3,

i norgani ¢ sul fides, or inorganic ﬁolysulfides, t hi oacet am de, thiourea
or RSH where Ris (C[err] alkyl, a @ the acidic nmol ybdenum conmpound
I s nol ybdi ¢ aci d, amoni um nol ybdate, or al kali nmetal nol ybdate. 4,
The fuel conposition of Caim3, wherein said sul fur source is sulfur,

hydr ogen sul,fj.fe, er i : : p r tasul f

i de, or (N'#[léél;ﬁ §I err |é@' vi'e‘ﬁe’ )S?Lqﬁér}es daltbxfaengls e"l,.r}‘g%il1 qé)Lchlsdc}fi ‘mol ybdenum
conpound i |ntioxislanks c retal dpackivatians mRosyaaintasieprassants c

ni trogen cBIdhid® EniSLiSOidtaN il SAPIBME ir 2GSy be &t .0r Manni ch
base. 5. The fuel conmposition of Caim4, wherein said basic ni trogen
conpound is a (Jerr] hydrocarbyl succinimde, carboxylic acid am de, or
a Manni ch e fokXlowiny fexamples are presented to illustrate specific

embodiments of this invention and are not to be construed in
any way as limiting the scope of the invention. .

EXAMPLES

Example 1

To a 5000 ml flask was added 114 grams molybdenum trioxide
and 196 grams of water. Stirring was started and 1200 grams
of a solution of a 45% concentrate in oil of the
polyisobutenyl succinimide prepared from polyisobutenyl
succinic anhydride having a number average molecular weight
for the polyisobutenyl group of about 950 and tetraethylene -
pentamine, and 1200 Qrams of hydrocarbon thinner were added.
The mixture was refluxed at 100°C for 3 hours. The
temperature was gradually .increased over approximately

1 hour to 170°C while distilling water. The temperature was
maintained an additional hour after the water was removed.
The temperature was lowered to 100°C-120°C and the mixture
filtered and returned to the reaction vessel. To the
solution was added 51 grams of sulfur. The mixture was
heated to 160°C-180°C for 7 hours. The pressure was slowly
reduced to about 50 mm of mercury to remove the hydrocarbon
thinner. This produced 1244 grams of product containing
1.80% nitrogen, 5.63% molybdenum, and 3.57% sulfur.
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a (Cerr] al kyl phenol, fornmal dehyde, and an am ne.

-27- 6. The fuel conposition of Caimb5, wherein said basic

nitrogen conpound is a polyisobutenyl succinimde prepared from

pol yi sobut enyl succi nic anhydri de ang tetraet hyl ene pentam ne or
triethylene tetram ne. 7. The fuel conp05|t|on of Claim5, wherein sai d
basi c nitrogen conpound is a carboxylic acid am de prepared from

one or nore carboxylic acids of the formula R2COOH, or a derivative
t her eof whi ch upon reaction

am de, wherein

To a 5000 ml flask was added 52 grams
and 111 grams of water. Stirring was
of a solution of a 45% concentrate in
described in Example 1 and 1184 grams

were added. The mixture was refluxed

Wi t Ex@ﬂ‘ﬁ@ ng yields a carboxylic acid

molybdenum trioxide
started and 1184 grams
0il of the succinimide
of hydrocarbon thinner
at 100°C for 3 hours.

The temperature was gradually increased over approximately

1 hour to 170°C while distilling water. The temperature was
maintained an additional hour after the water was removed.
The temperature was lowered to 100°C-120°C and the mixture
filtered and returned to the reaction vessel. To the
solution was added 47 grams of sulfur. The mixture was
heated to 160°C-180°C for 7 hours. The pressure was slowly
reduced to about 50 mm of mercury to remove the hydrocarbon
thinner. This produced 1220 grams of

1.94% nitrogen, 2.78% molybdenum, and

product containing
3.64% sulfur.

Example 3

To a 5000 ml flask was added 49 grams
and 105 grams of water. Stirring was
of a solution of a 45% concentrate in
described in Example 1 and 1133 grams
were added.

molybdenum trioxide
started and 1133 grams
oil of the succinimide
of hydrocarbon thinner
at 100°C for 3 hours.
The temperature was gradually increased over approximately
1 hour to 170°C while distilling water. The temperature was
maintained an additional hour after the water was removed.
The temperature was lowered to 100°C-120°C and the mixture
filtered and returned to the reaction vessel. To the
solution was added 22 grams of sulfur. The mixture was
heated to 160°C~180°C for 7 hours. The pressure was slowly
reduced to about 50 mm of mercury to remove the hydrocarhon

The mixture was refluxed
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Rlerr] is (Jerr] alkyl or (Jerr] al kenyl and a hydrocar byl pol yam ne.

8. The fuel conposition of Caim7, wherein Rlerr] is (err] al kyl or
C err] al kenyl and the hydrocarbyl polyanine S t etraet hyl ene pentan ne
or triethylene tetram ne. . The gg conposition of Claimb5, wherein
sai d basic ni trogen conpound IS Manni ch base prepared from

dodecyl phenol , fornmal dehyde, and net hyl am ne. 10. The fuel conposition
of Claimb5, wherein said basic nitrogen conpound is a Mannich base

prepared f&0Bner. Cfﬁﬁ‘{é] r@d\h}’é&hﬂ@ qﬁﬂé@@%ﬁ’%@ﬂ%éﬁ%ffx%ﬁfne

tetram ne, tetraethyl ene Pentam ne.
f uel corrpo‘sﬂ?%rf‘b“f—r@%ﬁ‘mzl 7%@?@%4@%@5& 1.97%rorbfWr. i s water.

Example 4

To a 5000 ml flask was added 1200 grams of a polyamide
prepared from a Cig carboxylic acid and tetraethylene
pentamine and containing 6.4% nitrogen, 1200 grams
hydrocarbon thinner, 42 grams molybdenum trioxide, and

90 grams water. The mixture was refluxed at 100°C for

3 hours. The temperature was gradually increased over
approximately 1 hour to 170°C while distilling water. The
temperature was maintained an ddditional hour after the
water was removed. The temperature was lowered to
100°C~120°C and the mixture filtered and returned to the
reaction vessel. -To the solution was added 21 grams of
sulfur. The mixture was heated to 160°C-180°C for 7 hours.
The pressure was slowly reduced to about 50 mm of mercury to
remove the hydrocarbon thinner. This produced a product

containing 5.88% nitrogen, 2.29% molybdenum, and 1.63%
sulfur.

Example 5

The molybdenum/sulfur complexes of Examples 1, 2 and 4 were
formulated to provide lubricant compositions containing 10%
of the carboxylic acid amide reaction product of isostearic
acid and tetraethylene pentamine, 2% of a polyisobutenyl
succinimide prepared from polyisobutenyl succinic anhydride
wherein the polyisobutenyl group has a number average
nmolecular weight of about 950 and tetraethylene pentamine,
2% of the molybdenum/sulfur complex of Examples 1, 2 and 4,
respectively, 5% of a polyisobutene having a number average
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12.  The fuel conposition of Claim1, wherein the carboxylic aci d

am de of conponent (2) is derived froma carboxylic acid
of the fornmula Rlerr] COOH, wherein R2 is Cerr] alkyl, and an ethyl ene
am ne. 13. The fuel conposition of Caim1l, wherein the succi ni m de
of conponent (3) is derived from "zﬁblyisobutenyl succi ni ¢ anhydri de,
wherein the pol yi sobut enyl group contains from about 50 to 250
carbon atons, and an et hyl ene am ne.

molecular weight of about 950 as a lubricity agent, 0.5% of
a flocculant inhibitor, 1% of a diluent o0il and about 79.5%
of a base oil. The base o0il contains about 10% of a

150 bright stock, about 70% of a mixture of 350N and 6SON

neutral oils, and about 20% of a petroleum distillate
solvent.

Example 6
Two-Cycle Gasoline Engine Test

This test was used to evaluate the detergency and general
performance of the fuel composition of this invention in a
two-cycle water-cooled outboard engine. Piston varnish,
ring sticking and general engine deposits were evaluated.

The test engine used was an Outboard Marine Company Johnson
Model No. J70ELEIE outboard engine, which is a

70 horsepower, water-cooled, three-cylinder, two-cycle
engine. ‘

The test procedure involved a two-hour break-in period,
wherein the engine was run at 3,000 rpm for 1 hour, then at
4,000 rpm for 1 hour, using a fuel:lubricant ratio of 50:1.

The test was then conducted for 98 hours using a 50:1 fuel
to lubricant ratio on a 55 minute wide-open throttle,

5 minute idle cycle. The total test time, including
break=-in, was 100 hours.

At the conclusion of the test, the engine was disassembled
and rated. The average piston rating and average
second-ring sticking rating for 3 cylinders was measured.
In the rating system employed, the higher the numerical
rating, the better the cleanliness'performance, with 10.0
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14. The fuel conposition of Claim1, wherein the |ubricant conposi tion
" contains about 0.05 to 15% by wei ght of the nol ybdenum cont ai ni ng
conposition of conponent (1), about 0.05 to 20% by wei ght of the
carboxylic acid am de of component (2), and about 0.05 to 15% by

wei ght of the succininide of co®onent (3). 15. The fuel conposition
of Claim1, wherein the nol ybdenum conplex is reacted with the

sul f ur-cont ai ni ng conpound in an anount sufficient to provide about

2.0t 4.0 f | fur. I 16.. _Th I
cbnpogiticﬂF%ﬁgC?ég2$3g}m§ﬁergﬁﬁggaeakgghgﬁnEgﬁégﬂ§2gg%ﬁﬁPe§lpgsse&gged
with the ratisgsfarectaracheaglivepsundThe pis&opurmingsf firei eatetiofor
id O.@at f : : 17.
e tuel “copodedrsd 8 sfifRTng. pithin PREARLBE30.0 1nCKRIRGHT
completely free piston ring.

The second-ring sticking values include a National Marine
Manufacturers Association (NMMA) rating, a visual fating,
and an adjusted rating, which is an average of the NMMA and
visual ratings.

The reference oil employed in this test was NMMA reference
0il TCW II, used as an industry standard in two-cycle engine
tests to measure engine cleanliness. The TCW II reference
oil is a standard mineral lubricating oil containing a
commercial ashless dispersant for gasoline two-cycle
engines. The reference oil is available from Citgo
Petroleum Corporation, Tuléa; Oklahoma.

Engine test runs wefé performed. with a 50:1 fuel to
lubricant ratio, using lubricant compositions containing the
molybdenum/sulfur complexes of Examplesll, 2 and 4,
formulated as described in Example 5. The results of the
engine tests are shown in Table 1.

The results shown in Table 1 demonstrate that the fuel
composition of the present invention is highly effective in
reducing piston deposits and piston ring sticking in
two-cycle engines, and generally exceeds the performance of
a fuel containing the industry standard reference oil.
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formul ati on further

contains a floccul ant
conposition of Claim17, wherein the additive

i nhi bitor.

contains a lubricity agent.
nmet hod for reducing engine deposits_sand plStOﬂ ring

two-cycl e engine which conprises

18. The fuel

formul ati on further

-29-

sticking in a
operating the two-cycle engine with a

fuel conposition conprising a major anount of fuel boiling in the
gasoline range and a m nor anmount of a |ubricant conposition
conprising.
TABLE 1
TWO-CYCLE ENGINE TEST RESULTS
Average Rating for 3 c;lindarl-
Second-Ring Sticking
Piston 2-Ring | Under-

Additive Skirt Crown | Land Crown NMMA Visual | Adj.

TCW II

Reference

0il 7.1 2.8 3.7 2.8 . 5.7 6.

Example 1(®) 7.4 3.4 4.4 . .\ 6.6

Example 4(®) 7.7 3.1 4.8 3.9 7.8 6.8 7.3

Example 2(%) 7.8 3.4 4.4 3.3 8.5 6.5 7.5

(AFormulated as in Example S.
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(A) a major amount of a base oil of lubricating vi scosity, and

(B) a ective to reduce engine deposits and pi ston
r| ng Hmlmmmmu ”MT di tive. fornul ati on conpri sing:

a sul furkzed ﬂblybdenun}contalmr%§ conposition prepared
by (i) reacting an aciat’c nol ybdenum conmpound and a basic
nitrogen conpound sel ected fromthe group consisting of a
succi nim de, a carboxylic acid am de, a hydrocar byl
nonoam ne, 1S CLAIMED ghydrocarbyl -pol yanm ne, a Mannich base, a
phosphoram de, a thiop ospﬁoranide, a phosphonanide a
di spersant viscosity index, | mprover, a mxture thereof,

in the 1. A fuel BbRPBEGEi BBQEOIU%BE T8t gh ef
nnlybdenunlconplexuﬁherel% y T ve qlh S ebﬁg§1s1?g a

l tQ
mol ybdenum ar e ﬂ?é?EnFmBBPtbﬁg 5“3 boiling in thPtﬁBﬁ@ﬁlﬁﬁoﬁ?nﬁﬁdaﬂﬁe

pronoter is preaeminbr amount of a lubricant composition comprising:

(A) a major amount of a base o0il of lubricafinq
viscosity, and

(B) a minor amount of an additive formulation
comprising:

(1) a sulfurized molybdenum~-containing
composition prepared by (i) reacting an
acidic molybdenum compound and a basic
nitrogen compound selected from the group
consisting of a succinimide, a carboxylic
acid amide, a hydrocarbyl moncamine, a
hydrocarbyl polyémine, a Mannich base, a
phosphoramide, a thiophosphoramide, a
phosphonamide, a dispersant viscosity index
improver, or a mixture thereof, in the
presence of a polar promoter, to form a
molybdenum complex wherein from 0.01 to
2 atoms of molybdenum are present per basic
nitrogen atom, and the promoter is present in
the ratio of 0.01 to 50 moles of polar
promoter per mole of molybdenum; and
(ii) reacting the molybdenum complex with a
sulfur-containing compound in an amount
sufficient to provide about 1.5 to 4.0 atoms
of sulfur per atom of molybdenum, to thereby

form a sulfur- and molybdenum-containing
conposition,
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the rat+e—0f 0.01 to 50 noles of polar pronoter per nole of

" nmol ybdenunm and (i1) reacting the nol ybdenum conplex with a
sul furzmu m’”m nd in an amount sufficient to
provi de'} ”’I‘"mﬁ atons_ | of sul fur per atom of
nol ybdenum tb therseby Tt =26- forma sul fur- and
nol ybdenum cont ai ni ng conposition; (2) a

carboxylic acid am de; and

(2) a carboxylic acid amide, and
(3) a succinimide.

2. The fuel composition of Claim 1, wherein the sulfur
source for component (1) is sulfur, hydrogen sulfide,
phosphorus pentasulfide, R,S, where R is hydrécarbyl,
and x is at least 2, inorganic sulfides or inorganic
polysulfides, thioacetamide, thiourea, mercaptans of
the formula RSH where R is hydrocarbyl, or a
sulfur-containing antioxidant.

3. The fuel composition of Claim 2, wherein the sulfur
source for component (1) is sulfur, hydrogen sulfide,
phosphorus pentasulfide, R,S, where R is Cj4
hydrocarbyl, and x is at least 3, inorganic sulfides,
or inorganic pol&sulfidés, thicacetamide, thiourea or
RSH where R is_cl40_alkyl,'and the acidic molybdenum
compound is molybdic acid, ammonium molybdate, or
alkali metal molybdate.

4. The fuel composition of Claim 3, wherein said sulfur
source is sulfur, hydrogen sulfide, RSH where R is Ci.10
alkyl, phosphorus pentasulfide,'or (NH,),S,», where x’
is at least 1, said acidic molybdenum compound is
molybdic acid, or ammonium molybdate, and said basic
nitrocgen compound is a succinimide, carboxylic acid
amide, or Mannich base.

5. The fuel composition of Claim 4, wherein said basic
nitrogen compound is a Cy4.359 hydrocarbyl succinimide,
carboxylic acid amide, or a Mannich base prepared from
a Cgygp alkylphenol, formaldehyde, and an amine.
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(3) a succi ni ni de. The nethod of C aim 19 wherein the sul fur source
for is sulfur, hydrogen sul fide, phosphorus
pent as”“lmmm]mm llﬂg!nrr] where R is hydrocarbyl, and x is at | east

2, inorganfc 'sulides”or inorganic polysul fides, t hi oacet anmi de,
t hi ourea, nercaptans of the fornula RSA~ where R is hydrocarbyl, or a
sul fur-containi ng ant i oxi dant. 21. The method of Caim 20 wherein
t he sul fur source for conponent (1) is sulfur hydr ogen sulfide,

hosphor us ent asu| fi de, where Ris err] rocarbyl,
Pha R s 6. arTRE AR dompoctiton O f thaln whsrach. saia hacde
pol ysul fi dgas_, tmb\amg@m dﬁnpcb\lmd)UIsaaOpoRSi:bmbﬂtéanl 8ucciniffiaer] al kyl ,
ol ybat o, or al BEPPErey apron bo TP bShupeny T58RE 38 AN ATIRG Ahe )
wherein said sul tetragthytene pentamyneupr hydethuhenel tetrankeed.where R i s
Cerr] alkyl,

7. The fuel composition of Claim 5, wherein said basic
nitrogen compound is a carboxylic acid amide prepared
from one or more carboxylic acids of the formula
R?COOH, or a derivative thereof which upon reaction
with an amine yields a carboxylic acid amide, wherein

R? is C R alkyl or Cy,. alkenyl and a hydrocarbyl
12-350 12-350
polyamine.

8. The fuel composition of Claim 7, wherein R? is C12.20
alkyl or Cj3,0 alkenyl and the hydrocarbyl polyamine is
tetraethylene pentamine or triethylene tetramine.

9. The fuel composition of Claim 5, wherein said basic
nitrogen compound is a Mannich base prepared from
dodecylphenol, formaldehyde, and methylamine.

10. The fuel composition of Claim 5, wherein said basic
nitrogen compound is a Mannich base prepared from
Cg0-100 alkylphencl, formaldehyde and triethylene

tetramine, tetraethylene peﬁtamine, or mixtures
thereof.

11. The fuel composition of Claim 1, wherein the polar
promoter is water.

12. The fuel composition of Claim 1, wherein the carboxylic
acid amide of component (2) is derived from a
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phosphorus-—pentasutfide, or (NH err]S[err]., where x' is at | east 1,

" said acidic onpound i s nol ybdic acid, or ammoni um
nol ybdat‘m\m&jﬁ ‘ aﬂgg‘l ni t rogen conpound is a succininide,
1% I 0€, *0

car boxy r Manni ch base.

- 31- 23. The nethod of C aim 22 Wk&iein said basic ni trogen

conpound is a (Jerr] hydrocarbyl succinim de, carboxylic acid am de,
or a Manni ch base prepared from a (err] alkyl phenol, fornal dehyde,

and an amne. 2o 10e; DPLORY 8F A& BB AR PO HRIBS A\ eRaT S 21 {009

Cip.20 @lkyl, and an ethylene amine.

13. The fuel composition of Claim 1, wherein the
succinimide of component (3) is derived from
polyisobutenyl succinic anhydride, wherein the
polyisobutenyl group contains from about 50 to
250 carbon atoms, and an ethylene amine.

14. The fuel composition of Claim 1, wherein the lubricant
composition contains about 0.05 to 15% by weight of the
molybdenum-containing composition of component (1),
about 0.05 to 20% by weight of the carboxylic acid
amide of component (2), and about 0.05 to 15% by weight
of the succinimide of component (3). '

15. The fuel composition of Claim 1, wherein the molybdenum
complex is reacted with the sulfur-containing compound
in an amount sufficient to6 provide about 2.0 to
4.0 atoms of sulfur per atom of molybdenum.

16. The fuel composition of Claim 15, wherein the
molybdenum complex is reacted with the
sulfur-containing compound in an amount sufficient to
provide about 2.5 to 4.0 atoms of sulfur per atom of
molybdenun.

17. The fuel composition'of Claim 1, wherein the additive
formulation further contains a flocculant inhibitor.

18. The fuel composition of Claim 17, wherein the additive
formulation further contains a lubricity agent.
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conpound T s—a potyt-sebut enyl succinim de prepared from pol yi sobut enyl
' SUCCI and tetraethyl ene pentam ne or triethyl ene
tetr Qﬂ w,igﬂ thod of Claim23 wherein said basic nitrogen
corrpo ic acid am de epar ed from one or nore
car boxyl i c acids of the fornula RZCOgﬂ derivative thereof which

upon reaction with an amne - yi el ds a car boxylic acid ami de, wherein
Rlerr] is C[err] al kyl or CJerr] alkenyl and a hydrocarbyl

pol yam ne. d.ai m 25. whe err],al kyl or
Crerr] a Ryt Ramehod TRk GRS iann caends L aha Sirboh chits
pent ani ne or tmstdidkirenein &t rewn-reycle 29ng e wﬂeidnbdcmhpflaem 23 wher ei n
sai d basic nitrg ‘:T:lﬁgqgg;]dc e,p r .
dodecyl phenol , %%tf % ehyde %é]aérr%ﬁ %kﬁgﬁ ? iﬁgf]'ﬁgméré"?%ﬂo%f
d ai m 23 \Aheremwsmﬁi@m.aa 319 mount of fuel boiling in the
gasoline range and a minor amount of a lubricant
composition comprising:

(A) a major amount of a base 0il of lubricating
viscosity, and

(B) a minor amount effective to reduce engine deposits
and piston ring sticking of an additive .
formulation comprising: ’

(1) - a sulfurized molybdenum-containing
composition prepared by (i) reacting an
acidic¢ molybdenum compound and a basic
nitrogen compound selected from the group
consisting of a.succinimide, a carboxylic
acid amide, a hydrocarbyl moncamine, a
hydrocarbyl polyamine, a Mannich base, a
phosphoramide, a thiophosphoramide, a
phoéphonahide, a dispersant viscosity index
improver, or a mixture thereof, in the
presence of a polar promoter, to form a
molybdenum complex wherein from 0.01 to
2 atoms of molybdenum are present per basic
nitrogen atom, and the promoter is present in
the ratio of 0.01 to 50 moles of polar
promoter per mole of molybﬂenum; and
(1i) reacting the molybdénum complex with a
sulfur~containing compound in an amount
sufficient to provide about 1.5 to 4.0 atoms
of sulfur per atom of molybdenum, to thereby
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conmpound_is _a Mannich base prepared from ([err] al kyl phenol ,
for mal dehyde and triethyl ene tetram ne, tetraet hyl ene pentam ne, or

I ™ 2 o o e el e

carbbxylid adid® * anide of conponent (2) is derived froma carboxylic
acid of the fornmula R err]COOH, wherein Rerr] is (Jerr] alkyl, and an
et hyl ene am ne.

form a sulfur- and molybdenum-containing
composition;

(2) a carboxylic acid amide; and
(3) a succinimide.

20. The method of Claim 19 wherein the sulfur source for
component (1) is sulfur, hydrogen sulfide, phosphorus
pentasulfide, R;S, where R is hydrocarbyl, and x is at
least 2, inorganic sulfides or inorganic polysulfides,
thiocacetamide, thiourea, mercaptans of the formula RSH
where R is hydrocarbyl, or a sulfur-containing
antioxidant.

21. The method of Claim 20 wherein the sulfur source for
component (1) is sulfﬁr, hydrogen sulfide, phosphorus
pentasulfide, R,S, where R is C;4 hydrocarbyl, and x is
at least 3, iﬁorgaﬁic sulfides, or inorganic
polysulfides, thiocacetamide, thiourea or RSH where R is
Cy40 alkyl, and the acidic molybdenum compound is

molybdic acid, amhonium'molybdate, or alkali metal
molybdate.

22. The method of Claim 21 wherein said sulfur source is
sulfur, hydrogen sulfide, RSH where R is Cj ;¢ alkyl,
phosphorus pentasulfide, or (NHy4)»S,:, where x’ is at
least 1, said acidic molybdenum compound is molybdic
aéid, or ammonium molybdate, and said basic nitrogen

compound is a succinimide, carboxylic acid amide, or
Mannich base.

This is the r lacement sh
eet

Date:



31. ~Theet hod of C aim 19 wherein the succinimde of conponent (3) is
- deri 1 s ﬂn tenyl succinic anhydri de, wherein the
polyﬁ “ ﬂ ‘“H“““ ont ai ns from about 50 to 250 carbon atons, and
et

an et n amhe. 32. The nethod of C aim 19 wherein the |ubricant
conposi tion contains about 0.05 to I$%by weight of the

nol ybdenum cont ai ni ng conposition of conponent (1), about 0.05 to 20%
by wei ght of the carboxylic acid am de of component (2), and about

0.05 to 15% by I ght f .the succjnimde of .copponent .(3). 33. The
met hod of O & nt1% Wﬁ'é?%?n°?h8£%§'i“yg%eﬁﬁﬁ¥%gﬂp?8kg gg“?s“%&‘é@?&& with the
sul fur-cont ai ni agmponpduhd anCgisy hydueoanbyiusteccimnmide, provi de about
2.0to 4.0 ato . .S r at f bdenum 34. The _net hod of
Cl ai m 33 mhereP§a€%gx¥%f§b§%%§n?§gé%regg]g MQB§¥F§a§?88 Rf?ﬁafﬁg from

sul f ur - cont ai ni gCe.omp@dky liphenel, formaldehyde, and an amine.

24. The method of Claim 23 wherein said basic nitrogen
compound is a polyisobutenyl succinimide prepared from
polyisobutenyl succinic anhydride and tetraethylene
pentamine or triethylene tetramine.

25. The method of Claim 23 wherein said basic nitrogen
compound is a carboxylic acid amide prepared from one
or more carboxylic acids of the formula R2COOH, or a
derivative thereof which upon reaction with an amine
yields a carboxylic acid amide, wherein R? is Cy2.350
alkyl or Cy;350 alkenyl and a hydrocarbyl polyamine.

26. The method of Claim 25 wherein R? is Ci2.00 alkyl or
Ciz.20 alkenyl and the hydfdéarbyl polyamine is

tetraethylene pentamine or triethylene tetramine.

27. The method of Claim 23 wherein said basic nitrogen

compound is a Mannich base prepared from dodecylphenol,
formaldehyde, and methylémine.

28. The method of Claim 23 wherein said basic nitrogen
compound is a Mannich base prepared from Cgg (g0

alkylphenol, formaldehyde and triethylene tetramine,
tetraethylene pentamine, or mixtures thereof.

29. The method of Claim 19 wherein the polar promoter is
water,
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anount sufficient to provide about 2.5 to 4.0 atons of sul fur per

| ?Lr m: éﬂﬂ*ﬂmm"""ﬂﬂuﬂmm (rzrg';]{]g?ngf aC:‘ ?L?Cllj?am]eir ﬁlhlnb;[ Pgr f’iddi giGYeThe nmet hod

of O ai m35 Whérefn the additive fornul ation further contains a
|ubricity agent. -32-

30.

31.

32.

33.

34.

35.

36.

The method of Claim 19 wherein the carboxylic acid
amide of component (2) is derived from a carboxylic
acid of the formula R’COOH, wherein R’ is Ci290 alkyl,
and an ethylene amine.

The method of Claim 15 wherein the succinimide of
component (3) is derived from polyisobutenyl succinic
anhydride, wherein the polyisobutenyl group contains

from about 50 to 250 carbon atoms, and an ethylene
amine.

The method of Claim 19 wherein the lubricant
composition contains about 0.05 to 15% by weight of the
molybdenum~containing composition of compeonent (1),
about 0.05 to 20% by weight of the carboxylic acid
amide of component (2), and about 0.05 to 15% by weight
of the succinimide of component (3).

The method of Claim 19 wherein the molybdenum complex
is reacted with the sulfur-containing compound in an
amount sufficient to provide about 2.0 to 4.0 atoms of
sulfur per atom of molybdenunm.

The method of Claim 33 wherein the molybdenum complex
is reacted with the sulfur-containing compound in an
amount sufficient to provide about 2.5 to 4.0 atoms of
sulfur per atom of molybdenum.

The method of Claim 19 wherein the additive formulation
further contains a flocculant inhibitor.

The method of Claim 35 wherein the additive formulation
further contains a lubricity agent.

atom
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FUEL COMPOSITION FOR TWO-CYCLE ENGINES

ABSTRACT OF THE DISCLOSURE

A fuel composition for two-cycle engines comprising a major
amount of fuel boiling in the gasoline range and a minor
amount of a lubricant composition comprising a base oil of
lubricating viscosity and an additive formulation comprising
(1) a molybdenum/sulfur complex of a basic nitrogén
compound, (2) a carboxylic acid amide, and (3) a
succininmide.
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