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LOW SMOKE LUBRICATING = COMPOSITION FOR TWO-PHASE
/ ENGINES. _
i The present invention relates to the use of a

particular carbonate ester as a lubricating base with

ol

a low quantity of smoke for two-phase engines with

(8)}

| internal combustion, and compositions which contain
/ said carbonate ester.
Two-phase engines are widely usgd in the field of
two—v;wheeled vehicles such as motorcycles and scooters,
10 in the field of outboard motors and for agricultural
and gardening equipment. In these engines thg lubricant
is mixed. with the fuel and with this enters the
combustion chamber where it lubricates ﬁhe walls of the
cylinder and is then burnt together with the fuel. The |
15 main technical problems connected to the lubrication of
two-phase engines are therefore related to obtaining
cﬁ'rrect lubrication minimiiing the formation of
deposits and smokes at the exhaust. The problem of

smokes at the exhaust has been particularly and

““‘m _
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¥ries the lubricant is mxed with the2f«uel and with this enters the
ustion chanber where it-lubricates the walls of the cylinder and is
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oils.

The - :na.jorz."y of mbr:.catlﬂg compos tions used in

(8]}

the art for two-phase engines consists of a mineral oil
base, a bright. stock (mixtures of.‘nigh viscosity,
refined and waxless lubricating oils), additives 'and,
in the casé of engines with éeparate lubrication, also
+ ' a light hydrocarbon used as diluent to facilitate
10 miscibility in the fuel. More recently the use of a
polyisobutene with a high molecular weight has been
imtroduced, to substitute the bright stock, which hés

reduced the amount of smokes at the exhaust_; and carbon

residues in the engine, without however reaching

15 completely satisfactory results. In addition

polyisobutene, like mineral oils, is not bibdegradable.

The problem .of smoke and biodegradability is

particularly felt in the use of agricultural and

gardening equipment, where the operator is often very

20 near the. exhaust pipe (for example foresters who use

motor saws) and where the spreading of oil can be

harmful to the working environment and, for the same
reasons, in the field of outboard motors.

The Applicants have studied the problem in great

25 depth and have found that the objectives of a limited
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gmount of smoke and biod_egradability can be reached by
using, in these '1ubricating compositions, synthetic
basee consisting of cafbon_ate esters having a
particular structure.

It sheuld be noted that various esters of carbonic
acid are used in lubricating and plasticizing cgmposi;
tions in different areas of the art. For example U.S.
patent 2.758.975 describes the use of esters of
carbonic acid as bases for lubricants. Chemical
Abstracts 71, 1969, 5228f, describes a group of

carbonic esters having particular thermal stability,

-used as lubricants and functional £fluids for high

temperatures. U.S. patent 2.739.127 describes the use
of organic carbonates as bases for lubricating greases,
especially for 1low temperatures. The U.S. patent
describes the use of carbonic esters as bases for
lubricating compositi.ens. with an improved resistance to
extreme pressures. U.S. patent 2.651.657 describes the
use of carbonic esters for lubricants with a low slip
point and high viscosity index. German. patent 1.006.565
describes the use of carbonic esters as bases for
lubricants with improved characteristics, especially at
high and low temperatures and with high detergent

qualities in the cylinders. Belgian patent 764.900

25 describes the use of carbonic esters as lubricants and
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e. ..The praobl em of snoke and bi odegnr adability is .
textile machines and in the processing of metals, with

advantages deriving from the high reduction of the
fr,iction.. cogfficient and easy biodegradability.'
5 ﬁuropean patent application ptiblication No. -89.709
describes the use of carbonic esters as synthetic bases
for lubricants having an improved thermal, hydrolyfic
and oxidative stability. Eﬁropean patent application
publication No. 393.749 describes the use of carbonic
10 esters in lubricating fluids for the cold réllinq of
steel. European patent applicaton publication No.
482.693 describes the use of carbonic esters in
lub.ricatinq compositions for four-phase, gasoline and
diesel engines, for motor vehicles. f:uropean patent
15 applications publications No. 421.298 and 426.152
describe the use of carbonic esters in lubricating
compositions particularly for r:efrigerating systems
using Freon ' R-134a, characterized by excellent
lubricating and detergent characteristics and mutual
20 solubility with Freon 134a. Chemical Abstracts 1186,
1992, 632694, describes the use of carbonic esters és
synthetic lubricants for refrigerating systems.
European patent application publication No. 452.816
describes the use of carbonic esters as components of

25 1lubricants for refrigerating systems.
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who use notor savvs) and where the sprea
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These documents of the known art do not J.ndz.cate
any possibility of reducing the amount of smokes at the
exhaust of two-phase engines which use particular

. carbcnate asters described hereafter.

Actually attempts have previously been made to

u

solve the problem of reducing the smoke by adding

special additives to the oil-fuel mixtures used in two-

phase engines. These additives fc;r example cén consist

‘ of amine or _amide salts of a derivative of benzoic or

10 thiobenzoic acid, amine salts of a derivative of

phosphoric acid or various hydroxides of quaternary

ammonium, as described for example in international
patent application WO 92/12224.

As previously specified the present invention is

15 basically based on the discovery that particular

carhonate esters of aliphatic triols or tetraols, used
- as lubricants mixed with a normal fuel for engines with
interal two-phase combustion, are capable of
substantially reducing the amount of smoke at the

20 exhaust.

In accordance with this, the present invention
relates to a carbonate ester selected from those which
can be defined with the following formula:

2_ A (B =AY —Ce-R]

R*-C(CH,-0-(R'-0) f\: o-RY), (1)

25 | 0
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punt of snoke and bi odegradability can be rggghgg_byf;usLngr_Ln
bricating conpositions, synthetic bases consisting of carbonate

having a particular structure. It shmidsiaeehﬁamme
~esters of carbonic acid are used in lubricati |2|ng
tions in different areas of thegast. For. ex ent
075 describes the use of esters of carbonic aC| ases for
Pcants. Cheni cal stracts 71, 1969, 5228f, descrlbes a group
€ arboni ¢ esters haViyigS3&ti cul ar t her nal stability,
| - R' is an alkyl group, linear or Dbranched,
containing from 1 to 20 carbon atoms,
- R* is the hydrogen atom, an alkyl group, linear or

branched containiﬁq from 1 to 20 carbon atoms, or

thelgroup:.- |

CH,~0-(R' -0) ,~C=0-R!

\\
- R' is the ethylene grodp ~(csgz or propylene group

~CH,~CH(CHjy) ,

- p is a number varying from'o to 10;

depending on its use as a lubricating base with a
low gquantity of' smoke, for two-phase engines with
internal combustion.

The carbonate esters (I) which can be use
according to the present invention are viscous liquids,
with a viscosity at 100°C of from 5 to 350 cSt, and
specific examples are:

- tetrakis(butylcarbonate) of pentaerythritol, and
- tris(2-ethylhexylcarbonate) of trimethylolpropane.

The carbonate esters (I) can be prepared starting
from alkyl carbonates and polyols, operating under
transesterification conditions, in the presence of a
transesterification catalyst. Examples of suitable

alkyl carbonates are dimethylcarbonate,

.-,.
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suitable catalysts are sodium hydroxide, sodium

methylate, trialkyl aluminates, tetra-alkyl titanates,

U\

dialkyl stannates of organic acids, and salts, oxides
and alkoxides of +tin. In the transesterification

reaction a molar ratio between alkyl carbonate and

"b | polyol is preferably'used of about 5:1 to about 20:1
10 and the operating temperatures are high, for example
from 100 to 250°C. At the end of the reaction the

' carbonate esters are recovered from the reaction

mixture using the conventional and known methods.

The invention " also relates to a lubricating

15 composition with a low amount of smoke, for two-phase
engines with internal combustion, which contains: (a)
the carbonate ester together with one or more of (b)
solvent, (c) bright stock, or another anti-gripping
agent, and (d) usual additives.

20 The solvent (b) used in the lubricating
composition of the present invention is a light
hydrocarbon solvent, basically having the function of
favouring miscibility with the fuel.

Component (c) is a bright stoék, i.e. a mixture of

25 high viscosity, refined wax-free lubricating oils, or
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=t he cylinders. Belgian patent 764.900 deﬁﬁe%bes the use of
Brs as lubricants and
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for the lubrication of gears a tex”'ﬂ”l,"ﬂﬂi and’ i*m- -
metals, with advantages deriving fro uction

coefficient *and easyg bi odegradability. European

Ilcatlon publlcatlon No. 89. 709

consists of another anti-gripping agent, such as for
example polyisobutene with a high molecular weight.
vaiously mixtﬁres of the above anti-gripping agents
can be used. |

The additives fd).normelly use& include dissolying
agents, enei-wear agents, anticxidants, corrssion
inhibitors, detergents, lowering agents of freezing
peint, friction modifiers, etc.

Other additives which can be present are antif
xnock agents, anti-lead agents, dyes, agents for
improving the octane number, antioxidants, rust
p;eventives, bactericstatic agents, rubber inhibitors,
metal deactivatcre, de-emulsifying agents, lubricants
of the upper part of the cylinder and anti-freezing
agents.

The 1lubricating composition of the present
inveption may generally contain: (a) from 50 to 95% by
weight of carbonate ester (I), (b) from 5 to 20% by

weight of solvent, (c) from 0 to 15% by weight of

bright stock or another anti-gripping agent, and (d)

from 0 to 15% by weight of normal additives. In the
Preferred embodiment, the lubricating composition will
contain: (a) 65-70% by weight of carbonate (I), (b)
about 10% by weight of solvent, (c) from 5 to 10% by

weight of bright stock or other anti-gripping agent,

-

e
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g i cation publlcat|on No.  393. 749 descrlb rbonic :”
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bl i caton publication No. 482-@3 describes the use of carbonic

| ubricating conpositions for four-phase, gasoline and diesel
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and 426. 15 escri be the use- carbonic esters in lubricating
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separate lubricaticn, where it is injected_indgpen-

ul

dently of the fuel, or can be used in twec-phase engines

where it is injected as a mixture with a fuel.

!
1
i

A further aspect of the present invention
therefore relates to a mixture with a low quantity of
‘ smoke, for two-phase engines with internal combustion,
10 which contains a fuel and_ the above lubricating

composition.

Fuels suitable for the purpose are usually
hydrocarbon fuels from the distillation of petroleun,
for example a petrol according to ASTM D-439-73. These

15 fuels can also contain non-hydrocarbon materials such
as alcohols, and ethers, as well as fuels deriving from
vegetable sources. Petrol is particularly preferred,

i.e. a mixture of hydrﬁcarbons having an ASTM boiling

point of from 60°C to the distillation point of 10% up
20 to about 205°C to the distillation point of 90%.

The lubricant-fuel mixtures of the present
invention usually contain from 1 to 5% by weight and
generally a quantity of ‘about 2% by weight of the
lubricating composition described above.

25 The experimental examples which follow provide a
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better illustration of the-present.invention.

EXAMPLE 1

Preparation of tris(2-ethylhexvlcarbonate

trimethvlo opane.

w

87.2 g (0.65 moles) ef trimethylolpropane, 1.859
g (6.5 moles) of bis(z-ethylhexyl)carbonate-and 0.5 g
of sodium methylate in solutioﬁ at 30% with methanol
are charged into a tﬁree litre fiask, equipped with a
‘_ distillation column with 20 perforated plates, cooler,
| 10 liquid dividing head and collector, electromagnetic
stirrer, and connected to a vacuum pump.

The following transesterification conditions are

applied:

- residual pfessure : 10-12 torr.
15 - femperature at bottom : 157-206°C

- temperature at head : 70-79 °C

- reflux ratio . : 1/1

262 g of 2-ethylhexanol distillate are collected
in 1.5 hours.

20 The deposit (1.685 g) after treatment with carbon
dioxide, is filtered and the excess of bis(2-ethyl-
hexyl) carbonate is evaporated in a fine film glass
evaporator at 200°C temperature of the heating oil and
1 torr. of residual pressure.

25 In this way, tris(2-ethylhexyl carbonate) of
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adding special additives tot 2 oi | -fuel mixtures used in two-
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of which 86% in monomeric form, the remaining

8/}

percentage basically consisting of oligomeric products.

‘The product thus obtained has the 'following

characteristics:
- viscosity at 40°cC 191 cst
' - viscosity at 100°c 14.8 cst
10 -  viscosity index . 69
- slip point -30°C
EXAMPLE 2

The evaluation of the amount of smoke is carried
cut cn a Yamaha CES0S engine which is first conditioned

15 with a hot functioning cycle at 6,500 rpm and full load

for 30 minutes, then cooled for 30 minutes, then heated
again at 2,000 rpm with no load for 30 minutes and
finally stopped for 30 minutes. 10 accelerations are

then carried out under standard conditions during which

20 the opacity of the smoke emitted is measured.

The engine is fed with leadless petrol, with a RON
value of 91 and separately with a lubricating
composition, in a quantity of from 1 to 5% by weight of
the fuel-lubricant mixture, in relation to the number

25 of revs and load.



ns descr
As

. tetracis,

10

15

20

25

he discovery that particular carbonate ester mmlm

Mt h |nteral t wo- phase conbuaéqon, are . capable o
1 al Iy reducing the anount of sno

ce wth this, Qﬁ present j.nvention .relates tg a ca bonate ester.
Fl from those whi ¢ R &u% §£

| bed for exanple in_intefnational patent app
previously. specified the present i nWlesﬁhe@rHail

used as lubricants mxed with a nor

1

at the exhaust. .

can be. cf'éﬁ ned WREEFASHE o) FORPRTCL8PFul a3Te

specifically tested the fJ:.rst of which 1is of the
present invention and the others, used for comparative
purposes, of the kncwn art: |

- lubricating composition i containing 67% by weight
of carbonate ester of example 1, and 33%.by weight
consisting of additives, anti-gripping agent and
solvent;

- lubricating compbsiticn 2 containing 67% by weight
of a commercially available carboxylic ester lubricant,

and 33% by weight consisting of additives, anti-
gripping agent and solvent, of the same type and in the
same quantities as example 1;

- lubricating.composition 3 containing 67% by weight
of another commercially available éarboxf;ic ester
lubricant, and.33% by weight consisting of additives,

anti-gripping agent and solvent, of the same type.and_
in the same quantities as example 1;

- lubricating composition 4 containing 94.7% by

weight of Solvent Neutral 150 and 5.3% by weight

consisting of identical additives to those of example

1; and

- lubricating composition 5 containing 94.7% by

weight of Solvent Neutral.sooo and 5.3% by weight

consisting of identical additives to those of example

ation V\D
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The following opacity values oﬂ'ﬂ-
obtained:
Lubricant composition Smoke (Abs. %)

1 7.8
2 12.4
3 14.1
4 ' 32.1
5 | 29.8

ld tests were made for smoke and the values shown
above are the average of the last five tests, the first
five'being rejected for limited reliability.

EXAMPLE 3

Experiments were carried out on an engine to
observe of certain different formulations based on the
carbonic ester of example 1. Tne results were compared
to those with parallel formulations based on esters
normally available on the market.

The motor-saw engiﬁe ALPINA was used according to
a test procedure similar to that used 'by Husgwarna;
this consists in running the engine at high power and
evaluating, after functioning for 5 hours, the state of

the ring zone (ring sticking), the formation of

lacquers on the piston (overall piston lacquers), the




he ethylene group -(CHerr])[err] or propylene.group , . . .
(CHerrl), pis a nunber varying fromO to 1D; :  depending: .
as a lubricating base with a |ow quantity of snoke; for © ~--
engines with internal conbustion, The carbonate esters (I) -
be use according to the preseﬁT‘?ﬁVention are viscous |iquids,
IFscosity at 100[err]C of from:5 to 50 cSt, and specific exanples

traki s(but wxtadsmnpber BlofRMAL B Fok@latidMdof deposits in the

combustion chamber total deposit in combustion
chamber). |

The first series of measgrements (table 1) relates
5 to the coméarison between férmulations which only
differ'fq; the type of base used. In table 1, the
lubricating composition called CAL-l consists of 7.5%
by weight of polyfunctional additives and 92.5% of the
" product of example 1. This formulation is compared with
10 two different commerciai formulations. The first,
called EST-2, consists of 7.5% by weight of the same
p9lyfunctioh§l édditives used for CAL-1 and 92.5% by
weight of the commercial produét consisting of a first
aster (célled ESTER=-2) rom carboxylic acid and
15 trimethylolpropane. The second, called EST-1, contains
7.5% by weight of the same polyfunctional additives and
92.5% by weight of a commercial product (called ESTER-
1) consisting of a second ester from carboxylic acid

and trimethylol propane.
20 The test in the presence of EST-2 was repeated

twice.
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TABLE 1

CAL-1 EST-2 EST-2 - EST-1

Piston skirt 10 min. 10.0 9.8 9.23 9.37
Land n° 1 R 6.16 2.07  1.14 3.78
Ring groove

lacquers o 7.0 1l.91 0 4.23

Undercrown "o 9.80 8.65 4.50 5.75

Cverall piston

lacquers w o0 82.4 56.1 37.2 57.8
- Exhaust port

blocking £owo 10.0 9.7 9.0 10.0
Rinq sticking " » 10 3 1 1

Combustion chamber
total deposits (gr.) 0 0.05 0.07 .0

The data of table 1 show that the formulate
containihg the product of example 1 allowed the reqular
functioning of the ring zone up to the end of the Fest
and also gave higher results in terms of the '
cleanliness of the piston. On the contrary the
comparative formulates produced a greater formation of
lacquers.

Table 2 éhows motoristic data in the presenée of
formulates also containing solvents.

More specifically CaAL-2 is. a lubricating

composition  consisting of 7.5% by weight of the usual
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erythrite. Exanples of - suitable catm&&ﬁﬂshsaw Re um:. T oor,

g, sodium nethylate, trialKkyl alun1nat titanates,
5t annates of organic acids, an alts xi des of
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e and polyol is preferably used of about 5:1 to about 20:1 and
ating tengslptuiEsionl hadditivds expopl by twedghtO®f peSlibewhC. At
of the reaction the carbonate esters are recovered fromthe
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CAL—3 is-a luhricatinq composi ion consisting of

wn

3% by weight of the asual polyfunctlcna1 additives, 67%
by welght of the produc* f example, 10% by weight of
petroleum solvent and 15% by weight of polyiscbutene.
The compasition EST-3 is shown as a reference

-‘ (evaluation-cérried out twicg); consisting of 775% by
10 weight of the usual pdlyfunctional additives, 10% by

weight of petroleum solvent and 82.5% by weight of a

commercial mixtufe (called 'ESTER-3) of esters of

carboxylic acids and polyols.

TABLE 2
15 CAL-1 CAL-3 EST-3 EST-3
Piston skirt 10 min. 9.97 10.0 10.0 8.96
Land n° 1 L 3.90 6.1 4.24 2.12
20 ' ' .
Ring groove
lacquers " u 6.28 7.55 1.56 1.25
Undercrown non 9.05 10.0 8.0 3.2
25
Overall piston
lacquers " ou 73.0 84.1 59.5 38.8
Exhaust port ..
30 blocking w o o» 9.98 10.0 10.0 9.5
Ring sticking " 10.0 10.0 10.0 9.5

Combustion chamber
35 total deposits (gr.) 0.0 0.0 0.07 0.0

e,



also relates to a lubri,cating conposition.mth a. %ourannunt,
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bonat e ester together with one or nore of (b)-- solvent, (¢ -
, or another anti-gripping agent, and (d) usual addltlves
(b) wused in the -lubricating conposition. of the present
B a |light hydrocar bon sol vent, basically having the function
ing m sci bi | iExemitablehd fitekan be seefohapctie (F9rRELat IRt
a m xture of hi gh viscosity, refined wax-free lubricating -
containing the products of the present invention give

-

excellent results, in particular with respect to the

formation of lacquers.

This Sheet Has Been R

MG




's of—anether-—anti-gripping agent, such as for. exapphe----. e - /l
e with a high nolecular weight. Ooviously m xt ur es-of the s

gri ppi Beep B dgei used. The addi t%ﬁﬁ;,((iw "
ol = eengeserts, am i oxaancs, corrcaian
etc. o ' P00 U P

CLAIMS

1. Carbonate ester selected from those definible with

the following formula:

R¥-C (criz-?o— (R'-0) p-c-o-R') 3 (1)

R N
i 5 Q
" - wherein:
- R' is an alkyl group, linear or branched,

_ containing from 1 to 2_0' carbon atoms,
- R? is the hydrogen atom, an alkyl group, linear or
10 branched containing from 1 to 20 carbon atoms, or
the group:
CH,-0-(R'~-0) ~C-0-R!
\\
- R' is the ethylene gﬁoup -(CH,), or propylene group
15 | -CH,--CH (CH;) , .
- P is a number varying from 0 to 10;
depending on its use as a lubricating base with a
low amount of smoke, for two-phase engines with
internal combustion.

20 2. Carbonate ester according to claim 1, characte-

]
3 rized in that it is:
- tetrakis(butylcarbonate) of pentaerythritol, or
1 - tris(2-ethylhexylcarbonate) of trimethylolpropane.

3. Lubricating composition with a low quantity of

25 smoke, for two-phase engines with internal combustion,
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ester (I), according to claim 1, together wit one or
more of the following: (b) solvent, (c) bright stock,
or another anti-gripping agent, and (d) usual

additives..

4. Lubricating composition according to claiam 3,

characterized. in that said solvent (b) 1s a light
hydrocarbon solvent, capable of favouring miscibility
w#ith the fuel.

5. Lubricating composition . according to claim 3,
characterizéd in that said component (c) is a bright
stock, a pol_yisobutene with a high molecular weight or
a mixture of ﬁhe two.

6. Lubricating composition according to claim 3,
characterized in that said component (d) is one or more
additives selected from dissolving agents, anti-wear
agents, antioxidants, corrosion inhibitors, detergents,
lowering agents of the freezing point ar;d friction
modifiers.

-7. Lubricating composition according to claim &,
characterized in that it additionally contains one or
more of the following: anti-knock agents, anti-lead
agents, dyes, agents for improving the octane number,

antioxidants, rust preventives, bacteriostatic agents,

rubber inhibitors, metal deactivators, de-emulsifying

agents f mwm@m! t he octane numbér, antioxidants, rust:.:
bacterio rubber inhibitors l‘L \‘f “ﬁt ors,
ng agents of t.heg upper part U“\mm l“ m‘
g agents. The | ubri cat| ng corrp05|t|6n 6f he' present

By generally contain; (a) fromb50 to 95% ht of ca bonate
3 b) f rePRTAGRRTIRRGhin WEhaht 16f conbadms (é f‘F

®ori ght stock or another -anti-gripping agent, and (d



15% by ssﬂe fBteq{e 1 egadditives. | Wodl rrent
cating c Contain: (a) wei ght of - -
ca - (1), (b) wei ght of “sol vent, ‘“\ 10% by
Vi & bright s ant i -gri pping ag \“ﬁ“&!ﬂﬁ“\ﬂ\
5

- 9- ;d (d) from5 to 15%by wei ght of , nor mal *The

| ubricalji ng conposition of the presSefit ~ i nvent on can be used‘in

t wo- pha%e engi nes gvgrgths, lubricants of the upper part of the cylinder

and anti-freezing a@ents.

8. Lubricating agents according to claim 3, charac-

terized in that it contains (a) from 50 to 95% by

[¢]]

weight of carbonate ester (I)',_ (b) from 5 to 20% by

weight of solverit, (c_)'. from_-o to 15% by weight of

bright stock or another anti-gripping a'gent., and (d)

from 0 to 15% by weight of the usual additives.

9. Lubricating composition according to claim 8,

10 characterized in that it contains (a) 65-70% by weight
of carbonate ester (I), (b) about 10% by weight of
solvent, (c) from 5 to 10% by weight of bright stock or
another anti-gripicing agent, and (d) from 5 to 15% by
weight of the usual additives.

15 10. Fuel-lubricant mixture with a low quantity of
smoke, for two-phase enginés with internal combustion,
characterized in that it contair;s a fuel and the
lubricating coniposition according to any of the claims
from 3 to 9.

20 11. Fuel-lubricant mixture according to claim 10,

characterized in that the fuel is a hydrocarbon fuel

form the distillation of petroleum and the lubricating
composition is present in a quantity of from 1 to 5% by
weight and preferably about 2% by weight in the

25 mixture.




separate Iubrlcat|@ﬂ§ﬁEM@rewrt S |njected lndepen- deﬁtly of. the. juql"‘r :
can be used in two-phase engi nés - whére it i's jnjected as a-mxtufe.nitth a: 4
fuel. = A further aspect of the present invention therefore rélabes IU"
a mixture with a low quantity of 'snoke, for two-phase engines with

I nternal conbustion, which cointains a fuel -and the above |ubricating

conposi tion. Fuels suitable for the purpose are usually hydrocarbon
fuels fromthe distillation of petroleum for exanpl e a petrol according

to ASTM D-439-73. These fuels can also contain non-hydrocarbon materials.

such

CASE 5249

IOW 'SMOKE LUBRICATING .COM.POSITION FOR TWO-PHASE
ENGINES.
Abstract
A carbonate ester of an aliphatic triol or tetraol
5 which can be defined with the following formula:
R*~C(CH,~0-(R’~-0) ~C-0-R); (1)
)
wherein R,, R,, R' and p are as defined in the
description, is used as a lubricating base with a iow
10 quantity of smoke for two-phase engines with internal
combustion. | |
Lubricating compositions aré described which
| contain a carbonate ester (1) together with one or more
products selected from solvents, bright stock, or other

15 anti-seizing additives, plus normal additives.

This Sheet Has Been Replaced
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as al cohols, and"hers, as well as fuels deriving from vegetabl e sour ces.

Petrol is particularly preferred, 1i.e. a mxture of hydr ocar bons havi ng an
ASTM boiling point of  from60[err]Cto the distillation point of 10% up
to. about 205C to the distillation -point of 90[err]. The
: S : :
dest O

| ubricant-fuel mxtures of the present ' inventi qiEpy: ] %)
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ILOW SMOKE LUBRICA‘.}'ING COMPQSITION FOR TWO-PHASE
ENGINES. |

The present invention. relates to the use 0of a
particular carbonate ester as a lubricating base with
a low quantity of smoke for twc-phase engines with

_ iaternal' combustion, and compositions which contain
said car bonate ester..

Two-phase engines aré' V’u‘.deiy used in the £ield of
two-wheeled vehicles such as motorcycles and scocters,
in the field of outhoard motors and for agi'icﬁltural
aﬁd gardening ecjuipment. In these engines the lubricant
is mixed with the fuel and w:.th this enters the
combustion &@ex where it lubricates the walls of the
cylinder and is then burnt together with the fuel. The
main technical pﬁblas connected to the lubrication of
two-phase engines a.’.;e therefore related to obtaining
correct lubrication minimizing the formation of
depasits and smokes at the exhaust. The problem of

smokes at the exhauisjz has iH}eeﬁ mz‘l;u&u%arly and

';-'. Gk ‘T 2, |

0 7 MAY 1996
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better illustrati-en of- the present invention XA EQAENT SHEET
Preparation of tris(2-ethvl-hexylcarbonate) of trinetgylolproga e
87.2 g (0.65 noles) of trinmethyl ol propane, 1.859 g 6.6 Hﬁﬁéé?? f
bi s(2-et hyl hexyl )carbonate and 0.5 g of sodi um netth LD solutgoh
30[err] with nethanol are charged‘?nto a three litjre flask, equippeg
wth a distillation colum with 20 perforated pl atesr—coolefrmm——

increasingly in <he recent past, together with the
necessity of using compositions based cn Siodegradable
oils.

The majority of lubricating compcsiticns used in
the art for two-phase engines consists of a mineral oil
base, a bright stock (mixtures of high viscosity,
refined and waxless lubricating oils), additives and,
in the case of engines with separate lubrication, also
a light hydrocarbon used as diluent to facilitate
miscibility in the fuel. More recently the use of a-
polyisobutene with a high moleéular weight has been
imtroduced, to substitute the bright stack, which has
reduced the amount .of smokes at the exhausg.and carbon,
residues in the 'enéine, without however 'reéching'
completely - satisfactory results. In  addition
polyiscbutene, like mineral oils, is not biodegradable.

The problem .of smoke . and biodegradability is
particularly felt in the use of agricultural and
gardening equipment, where the operator is often very

| near the.exhaust pipe (for example foresters who use
motor saws) and where the spreading of oil can hé_;'"
harmful to the working environment and, for the same |
reasons, in the' £ield of outboard motors.

‘The Applicants haQ; studieétthe probiém in great

depth and have found that the cbjectives of a limited

' P e



l'iquid dividing head and collector,- el ectromagneti ¢ -l

vacuum punp. The foll owing t HMMNT&{EE?

connected to a
conditions are
torr.
tenperature at
1/1
hour s.
dioxide, is fil

appli ed: resi dual pressufe 10
tenperature at bottom 1 157-20p[ e
head ' . 70-79 [err]C FJ]JCM,AXtPg’*

=’

262 g of 2-ethyl hexanol distillate ar
The deposit (1.685 g) after treatnenf wth carbon

LabaHtast $iivke s Biddedraadbiiith- can be Teached by
using, in these lubricating compcsitions, synthetic
pases consisting of carbonate esters having a
particular structure.

t should be noted that various esters cf carbonic
acid are used in lubricating and plasticizing composi-
tions in different areas of the art. For example U.S.
patent 2.758.975. describes the use of esters of
carbonic acid as bases for lubricants. Chemical

Abstracts 71, 1969, 5228%, des ibes a group of

carbonic esters having particular thermal stability,

used as lubricants and functional fluids for high

temperatures. U.S. patent 2.739.127 describes the use

of organic carbonates as bases for lubricating greases,

especially for low temperatures. The U.S. .patent

describes the use of carbonic esters as bases for
lubricating compositions. with an improved resistance to
extreme pressures. U..s. patc;.né 2.651.657 describes the
use of carbonic esters for lubricants with a low slip
point and high viscosity index. German patent 1.006.565
describes thg use of carbonic esters as bases for
lubricants with improved characteristics, especially at
high and 1low temperatures and with high detergent
Qualities in the cylinders. Belgian patent 764.900

describes the use of carbonic esters as lubricants and

-112

1.

5
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hexyl) carbonate is evaporated in a fine film gl ass

tenperature of the heating oil and 1 torr. of r BEM@M ET
In this way, tris(2-ethyl hexyl carbonate) of ‘ ' 1

-11- trinmethyl ol propane is obtained as deposit: [ ep 7IMAY 199%  of
86% i n nmononeric form the remaining ' '

-4 -

hydraulic liquids, £cr the lubrication of gear; a.
textile machines and in the ;_:rocessing of metals, witn
advantages deriving <rom +“he high reduction 6f the
friction coefficient and eésy biodegradability.
Eurcpean patent .'application publication No. 89.709
describes the use of carbonic esters as synthetic bases
for lubricants having an improved thermal, hydrolytic
and oxidative stability. European patent application
sublication No. 393.749 describes the use of cérboﬁic
. _esters in lubficating fluids for the cold r;::lling of
steel. k European patent applicaton publication No.
482.693 describes the use of carbonic esters in
lubricating compositions for fout-—phase, gaéélihe and
diesel engines, Zfor motor vehicles. Europeaﬁ patent
applications publications No. 421.298 and 426.152
describe the use of carbonic esters in 1ubric$ting
compositions particularly for :.:efrigerating systems
usix;xg Freon R-134a, characterized by excellent
lubricating and detergent characteristics and mutual
solubility with Freon 1l34a. Chemical Abstracts 1is,
1992, 632694, describes the use of carbonic esters as
synthetic .lubricants for refrigerating systems.
Eurocpean patent application publication No. 452.816

describes the use of carbonic esters as components of

lubricants for refrigerating systems.

200 C
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percent age basically consisting of oligoneric produc

t hus obtai ned has the qoll'owing characteristics: - |REWiACH at—A0i C
191 cSt - viscosity at 100[err]C 14.8 cS : ndex
69 - slip point . -30[err]C EXA g ﬁm“'pgme

eval uati on of the anpbunt of snpke is carried cut on la lYaldha CE50S dndi ne

which is first conditioned with a hog functioning cytlk

full

| oad

f or

30 minutes, then cooled Tor 30 ninutes

These documents of the known art do ﬁot indicate
any possibility of reducing the amount oi smokes at the
exhaust of two-phase engines which use particular
carbonate esters desc:iﬁed hereafter.

Actually attempts have previcusly been made to
solve the problem of reducing the smcke by gdding
special additives to the cil-fuel mixtures used in two-
phase engines. These additives for example can consist
of amine or amide salts of a derivative of benzoic cor
thioben;oic acig, amine salfs of a derivative of
phosphoric acid or variocus hydroxides of quaternary
ammonium,'as described for example in international
patent application WO 92/12224.

As previously specified the present invention is

basically based on the discovery that particular

' carbonate esters of aliphatic triols or tetraolé, used

as lubricants mixed with a normal fuel for engines with
interal two-phase combustion, are capable of
substantially redﬁcing the amount of smoke at the
exhaust.

In accordance with this, the present invention
relates to a carbonate ester selected from those which
can be defined with the following formula:

R*~C(CH,-0- (R ~0) p-f‘:-o—p.‘) s (1)

o




again at 2,000 rpmwith no |oad for 30 m nutes and _
m nutes. 10 accelerations are then carried out under|id )
during which the opacity of the snoke emtted is nea ed. Ih

engine is fed with | eadless petrol, with a RON val ue| of @17 ws W8parlat
with a lubricating conposition, in a—géantity of fro to 5% gh
the fuel-lubricant m xture, in relation to the nunber revs and | oad

wherein:

—h

TAEMPRE SHEEHY, 30

- R' is an alkyl group, linear or branched,
containing £rem 1 to 20 carbon atoms,
- R? is the hydrogen atom, an alkyl group, linear or

branched containing from 1 to 20 carbon atoms, ox

the group:
CH,-0-(R'=0) ~C-0-R' -
\
0
- R! is the ethylene group -(CH,), or propylene group

-CH,~CH(CH;) ,
- P is a number varying from.o to 10;

depending on its use as a lubricating base with a
low quantity of .smoke, for two-phase engines with
internal combustion. |

The carﬁonate esters (I) which can be use
according to the presént invention are viscous iiquids,
with a viscosity at 100°C of from 5 to 50 cSt, and
specific examples are:
- tetrakis(butylcarbonate) of pentaerythritol, and
- tris(2-ethylhexylcarbonate) of trimethylolpropane.

The carbonate esters (I) can be prepared starting
from alkyl carbonates and poiyols, operating under
transesterification conditions, in the presence of a
transesterification catalyst. Examples of suitable

alkyl carbonates are dimethylcarbonate,



- 12 - The following |lubricating conpostl
tested, the first of which is of the present inventifon and the ot het's,
used for conparative purposes, of the known art: _
conposition 1 containing 67% by weight of carbonate}e
and 33% by weight consisting of .agditives, anti-
solvent; - _lubricating conposition 2 containing 6%

commerci al |y ayathpbégrisandesy! i §: 58t flcd MYn£LEE and

hexylcarbonate. Examples of suitable polyolst @;e
trimethylolpropane and pentaerythrite. Examples of
suitable catalysts are sodium hydroxide, sodium
methylate, trialkyl aluminates, tetra-alkyl titanates,
dialkyl stannates cf organic acids, and salts, oxides
and alkoxides of tin. In the transesterification
reaction a molar ratio between alkyl carbonate and
polyol is preferably used of about S5:1 to about 20:1
and the operating temperatures are high, for example
© from 100 to 250°C. At the end of the re_acti'on the
carbonate .esters are recovered from the reaction
mixture using the conventional and known methods.

The invention alsoc relates to a 1u5r£cating
composition with a iow amount of smoke, for two-phase
engines with internal combustion, which containé: (a)
the carbonate ester together with one or more of (b)
solvent, (c) bright stock, or another anti-gripping
agent, and (d) usual additives.

The solvent (b) used in the lubricating .
composition of the present invention is a 1light
hydrocarbon sdlvent, basically having the function of
favouring miscibility with the fuel.

Component (c) is a bright stock, i.e. a mixture of

high:viscosity, refined wax-free lubricating oils, or



and 33% by wei ght consisting of additives, anti- gri

| ubricating conposition 3 containing 67% by wei ght of
avai |l abl e carboxylic ester |lubricant, and 33% by wei

additives, anti-gripping agent and_splvent, of the sgme type and.

K-‘-lu \ »..A H.A\“ :fEiFET
g agent T Td )

solvent, of the same type and in the -sanme quantities.as

6?1553?3%%”;

P_anI St ng aft

g

sane quantities as exanple 1; - T rlcatlng conposi %+

94. 7% by weighs: gtéq%oseéfégr%t%@ragglgﬁ LK eveisgidh ag)n.%étl ng of

identical additives to t of exanple

in t

il y

he

example polyisobutene with a high meclecular weight.

Obvicusly maixtures of the above anti-gripping agents

can be used.

The additives (d) normally used include dissolving

agents, anti-wear agents, anticxidants,

corraosion

inhibitors, detergents, lowering agents of freezing

point, friction modifiers, etc.

Other additives which can be present are anti-

Xnock agents, anti-lead agents, dyes,

agents for

improving the octane number, antioxidants, rust

- preventives, bacteriostatic agents, rubber

metal deactivators, de-emulsifying agents,

inhibitors,

luhricahts

of the upper part of the cylinder and antz-f:eevlng

agents.

The lubricating composition of

the present

invention may generally contain: (a) from 50 to 95% by

weight of carbonate-ester (I), (b) from 5 to 20% by

weight of solvent, (c) from 0 to 15% by weight of

bright stock or another anti-gripping agent, and (d)

from 0 to 15% by weight of normal additives. In the

. Preferred embodiment, the lubricating composition will
contain: (a) 65-70% by weight of carbonate (I), (b)
about 10% by weight of solvent, (c) from 5 to 10% by

weicht of bright stock or other anti-gripping agent,



exanpl e

opacity values of the snoke or were _ obtai ned: Lubric
Snoke (Abs. ~9- -

| ubricating conposition 5 containing 94. 7% by  wei ght ot Ny "~¥ENE;§HE§T
6000 and 5.3[err] by weight consisting of identical adflifives to thos #f

ny. conpositi-on

79

13 1. $T1e 0 7 MAYoW%hg

ahd (d) from 5 to 15% by weight of normal aé&itives.

The lubricating composition of +the present
invention can be wused in twe-phase engines with
separate lubricaticn, where it is injected indepen-
dently of the fuel, or can be used in.twc-phase engines
where it is injectéd as a mixture with a fuel.

A further aspect of the present invention
therefore relates %o a mixture with a lcw gquantity of
smoke, for two-phasg engines with internal ccmbusticﬁ,
which contains a fuel and the above lubricating
- composition.

Fuels suitable for the pﬁrpose are usually
hydroca;bon fuels from the distillation of petfoleum,
for example a petrol according to ASTM D~439-73. These

fuels can also contain non-hydrocarbon materials such

as alcohols, and ethers, as well as fuels deriving from -

vegetable sources. Petrol is particularly preferred,
i.e. a mixture of hydrﬁcarbons having an ASTM boiling
point of from 60°C to the distillation point of 10% up
to about 205°C to thé distillation point of 90%.

The. lubricant-fuel mixtures of the present
invention usually contain from 1 to 5% by weight and
generally a quantity of about 2% by weight of the
lubricating composition described above.

The experimental examples which follow provide a



3
5 29.8 10 tests were made for [sfioke .and the | {
val ues shown above are the average of the last five testg, thZﬁ4m¢nmqﬁl /e
being rejected for limted reliability.1Q - EXAMPLE 3 | Exper i ment s;
were carried out on an engine to observe of certain diffare 4—FOTTIOT AT 1 ONS
based on the bpetter iYXlustration of the present inventionh;'
EXAMPLE 1
. Preparation of tris(2-ethvihexvicarbonate) of

7 T | REPLAC@@E@TSHEET.

trimethylolpropane.

87.2 g (0.65 moles) of trimethyloipropane, 1.859

'g (6.5 moles) of bis(z-ethylhexyl)carbonéte and 0.5 g

of sodium methylate in solution at 30% with methanol
re charged into a three litre flask, equipped with a

distillation column with 20 perforated plates, cooler,

liquid dividing head and collector, electromagnetic-

stirrer, and connected to a vacuum pump.

‘The following transesterification conditions are

applied:

- residual pressure : 10-12 torr.
- temperature at bottom : 157-205'c, ~
- temperature at head s 70-79 °C

- reflux ratio . ' | : 1/1

262 g of 2-ethylhexanol distillate are collected
in 1.5 hours.

The deposit (1;685 g) after treatment with carbon
dioxide, is filtered and the excess of bis(2-ethyl-
hexyl) carbonate is evaporated in a fine film glass
evaporator at 200°C temperature of the heating oil and

1 torr. of residual pressure.

In this way, tris(2-ethylhexyl carbonate) of




carboni c ester of exanple 1. The results were conpared to those with
paral l el formulations based on esters nornmally avail abl e qgn. t.he mar ket
The notor-saw engi ne ALPI NA was used according to a t esteprocs;
simlar to that used by Husqgwarna; this consists in runiiigl
hi gh power and eval uating, after fugctioning for 5 hourg, |the sta_te.of

the ring zone (ring sticking), the fornmation of Iacquers,dn-gtﬁjg‘?qﬁm
(overal |l pi ston Jac uers t he _ T
rimethylolpropane is obtained as deposit:

H50pmC (CH,~0-C~C=C )y
N
¢)

of which 86% in monomeric form, %he remaining
percentage basically consisting of oligomeric products.

The product <thus obtained has the Iollowing

characteristics:

- viscosity at 40°C 191 cst -
o - viscosity at 100°C 14.8 cSt
- viscosity index 69
- slip point -30°C
EXAMPLE 2

The evaluatién. of the amount of smoke is o_:a.rried
cut cn a Yamaha CES0S engine which is first con_ditioned
with a hot functioning cycle at 6,500 rpm and full load |
for 30 minutes, then cooled for '30 minutes, then heated
again at 2,000 rpm wiﬁh no load for 30 minutes and
finally stopped for 30 minutes. 10 accelerations are
then carried oﬁt under standard conditions during which
the opacity of the smoke emitted is measured.

The engine is fed with leadless petrol, with a RON
value of 91 and separately with a lubricating
composition, in a quantity of from 1 to 5% by weight of
the guel—lubricant mixture, in relation to the number

of revs and load.
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| |REBEACEMENE SREELE:
- 14- exhaust port blocking, the formation of deposits |q a5

chanmber (total deposit in conbustion chanber). 'Th@fﬁ}'g"\stﬁsgrie
of measurenents (table 1) relates to the conparison beteen~fornulatiods
which only differ for the type of base used. In table 1] ¥ rCattn
conposition called CAL-1 consists of 7.5% by weight of polyfunctional

additives and 92.5[err] of the prodikt of exanple 1. Thks—fornuration is
conpared with '

The Zfollowing lubricating compostions are
specifically tested, the first of which is of the
present invention and the others, used for comparative
purposes, of the kncwn art: |
- lubricating composition 1 containing 67% by weight
of carboﬁa'ce -es_t:ér of example 1, and 33% by weight
consisting of additives, anti-gripping agent and
solvent; |
- lubricéting composition 2 containing 67% by weight
of a commercially available carboxylic éster _lubricant,
and 33% by ;aeight consisting of additives, anti-
gripping- agent and solv;nt , of the same type and in the
same quantities as example 1;

- ltibricating composition 3 containing 67% by weight
of another commercially available carboxylic ester
lubricant, and 33% by weight consisting of additives,
' anti-grippihé agent and solvent, of the same type and.
in the same guantities as example 1;
- lubricating composition 4 containing 94.7% by
weight of Solvent Neutral 150 and 5.3% by weight
cbnsistinq of identical additives to those of example
1:; and
- lubricating composition S containing 94.7% by
weight of Solvent Neutral 6000 and 5.3% by weight

consisting of identical additives to those of example



e

two different commercial fornulations. The firstsss
consists of 7.5% by weight of the sanme polyfunction RE

CAL-1 and 92.

ester (called ESTR-2) from carboxylic acid -and
The second, called EST-1, contains 7.5% by weight o
pol yfunctional additives and 92.5% by welyjht of a.cnhrerectat—produst
(called ESTER- 1) consisting of a second ester fro

RMENT SHERT

5% by weight of the commercial product cTnshsglng;or f
1

1[1?(2% 'ﬁl}ggr opahe.

carboxylic acid fjnd

trimet hyl ol Ar opane. The test in the presence of EST-Z was repeat ed

tw ce.

The following opacity values of the smoke or were

obtained:
Lubricant composition Smoke (Abs. %)
1 . - 7.8
2 ' 12.4
3 14.1
4 : 32.1
5 _ 29.8

10 tests were made for smoke and the values shown
above are the average of the last five tests, the first
five being rejected for limited reliabi;ity.

PIE 3

Experiments were carried out on an engine to
observe of certain different formulations based on the
carbdénic ester of example 1. The results were compared
to those with parallel formulations based on esters
normally available on the market.

- The motor-saw engine ALPINA was used accordiag to
a test procedure similar to that used by Husgwarna:;
this consists in running the engine at high power and
evaluating, after functioning for S hours, the state of
the ring zone (ring sticking), the formation of

lacquers on the piston (overall piston lacquers), the
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10 mn. 10.0 VI _
2.07 1.34 3.78 Ring groove Lacquers "y 7.0 1091

4.23 Undercrown o 9. 80 8. 65 4.50 |5

CAL-1 EST-2 EST-2 =St

-

9.8 9.23 9.37 Land n[err] .1 |REP ACEMENE,ID'LS 3

1759 7 MAY 1994

=7

-]4-
exhaust port blocking, the formation of deposits in the
combustion chamber (%otal deposit in combustion
chamber). |

| The first series of measurements.(table 1) relates
to the comparison betweén formulaticns which onilj
differ fcr the type of base used. In table 1, the
lubricating composition called CAL-1 consists of 7.5%
by weight of polyfunctional additives and 92.5% of the
product of example 1. This formulation is compared w;th
two Qdifferent commercial formulations. The first,
called EST-2, consists of 7.5% by weight of the same
polyfunctional additives used for CAL-1 and 92.5% by
weight of the commercial product consisting of a first
ester (called ESTER-2) . fxcm carboxylic acid and
trimethylolpropane. The second, called EST-1, contains
7.5% by weight of the s;me polyfunctional additives and
92.5% by weight of a commercial product (called ESTER-
1) consisting of a second ester from carboxylic acid
and trimethylol propane.

The test in the presence of EST-2 was repeated

twice.

irt



Overal | piston | acquers "o 82.-4 56.1 37 o T
port bl ocki ng o 10.0 9.7 9.0 10. ”S ¥

" 3 1 1 Combustion chanber totlal] deposits. (-0f.
0 0. 07 0 The data of table 1 |sHowytiahy gy
fornul ate containing the product -ofgexanple 1 allowed |tHe regular
functioning of the ring zone up to the end of the test F—atso—gav
higher results in terns of therhgkgagliness of thg pirston. On the

contrary the

ISt

CAL-1 =S5T-2 EST-2 EST-1

Piston skirt 10 min. 10.0 9.8 | 9.23 9.37
Land n* 1 noon 6:16 2.07 1.14  3.78
Ring groove

lacque:; o on 7.0 1.91 0 4.23
Undercrown " ow 9.80 8.65 4.30 5.75

Cverall piston

lacquers woon 32.4 56.1 37.2 57.8
Exhaust port

blocking won 10.0 9.7 9.0 10.0
‘Ring sticking " 10 3 1 1

Combustion chamber
total deposits (gr.) 0 0.05 0.07 0

The data of table 1 show that the formulate
containing the product of example 1 allowed the regular
functioning of the ring zone up to the end of the test
and also gave higher results in terms of the
cleanliness of thé _piston. On the contrary the
comparative formulates produced a greater formation of
lacquers.

Table 2 shows motoristic data in the presence of
formulates also containing solvents.

More specificaliy CAL-2 is a lubricating

composition consisting of 7.5% by weight of the usual



s

conpar ative formul ates produced a greater formation of..- [\§gu
Table 2 shows notoristic data in the presence of fornul &t
cont ai ni ng sol vents. More specifically CAL-2 is
conposi tion consisting of 7.5% by wei ght of the usual
-16- polyfunctional additives, 10% kg wei ght of petroleu

polyfunctional additives, 10% by weight of peﬁroleum

solvent and 82.5% by weight of the products of example

1

CAL-3 1is a lubricating composition cqnsisting'of
3%.by Wweight of.the usual polyfunctional additives, 67%
by weight of the product of example, 10% by weight of
petroleum solvent and 15% by weight of pclyiscbutene.

" The compasition EST-3 is shown as a reference

{evaluaticn carried out twice), consisting of 7.3% by

weight of the usual polyfunctional additives, 10% by

weight of petroleum solvent and 82.5% by weight of a
commercial mixture’ (called ESTER-3) of esters of
carboxylic acids and polyols.

TA3LE 2

CAL-1 CAL-3 BST-3 EST-3

Piston skirt 10 min. 9.97 10.0 10.0 8.96
Landn*1 - " "  3.90 6.1 4.24 2.12
Ring groove

lacquers " o 6.28 7.55 1.56 1.25
Undercrown " ou 9.05 10:0 8.0 3.2
Overall piston

lacquers L 73.0 84.1 59.5 38.8
Exhaust port

blocking wom 9.98 10.0 10.0 9.5
Ring sticking " 10.0 10.0  10.0 9.5

Combustion chamber
total deposits (gr.). 0.0 0.0 0.07 0.0

0 A CET T ng




sol vent and 82.5% by wei ght of the products of exanple 1 . CAL-3 is
a'lubricating conposition consisting of 3% by weight of the usual :
pol yflunctional additives, 67% by weight of the product of exanple, 10% by
wei ght of petrol eum sol vent and 15% by wei ght of polyi sobutene. The
conposition EST-3 i's shown as a reference (evaluation carried out tw ce),
consisting of 7.5% by weight of the usual polyfunctional additives, 10% by
wei ght of petrol eum solvent and 82.59gby weight of a comercial mxture
(called ESTER-3) of esters of carboxylic acids and polyols.

From table 3 it can be seen that the formulatlons
containing the products of the present invention give
excellent resuits, in particular with Tespect to the

formation of lacquers.

(REPLACEMENT SHEET
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TABLE 2 : CAL-1 CAL-3 EST-3  EST-3 -Pi ston
skirt 10 mn. 9.97 10.0 10.0 8. 96 Laﬁgsghgg "

3. 90 6.1 —4-24- " 212 _Ring groove Iacque b Bt Replaced 6 28
7.55 1.56 1.25 Under cr own | o 9.05 H'u""mm

Overal | pi st ontj uﬂlﬁ -18 3.0 84.1

Exhaust port I 1“" "III " I“I 9.98 10.0 10.0 Rl ng
sticking " "™ ‘100 10.0 9.5 Conmbusti on chanber t ot al
deposits (gr.) 0.0 o. o 0. OSRAIMG 0

1. Carbonate ester selected from those definible with

the fellicwing formula:

2 REPLACEMENT SHEET
R*-C(CH,-C-(R'~0) ~C-0-R"); (1) ST
\\0 | : 07 MAY 199¢
wherein:
- R' is an alkxyl group, linear or branched,
containing from 1 to 20 carbon atoms,
- R? is the hydrogen atom, an'alkyl grou'_;‘:, ]_.inea.r or

branched containing from 1 to 20 carben atoms, or

the group:
CH,-0-(R'-0) ,~C-0-R'
\
0

- R' is the ethylene group ~(CH,), or propylene group
~CH,=~CH(CH;) , |
- ‘p is é. number varying from 0 to 10;
depending on its use as a lubricating base with a
low amount of smoke, for two-phase engines with
internal combustion.
2. Carbonate ester according to claim 1, characte-
rized in that it is:
- tetrakis(butylcarbonate) of pentaerythritol, or
- tris(2-ethylhexylcarbonate) of trimethylolpropane.
3. Lubricating composition with a low quantity d:

smoke, for two-phase engines with internal combustion,



- 17 - Fromtable 3 it—ean be seen thaL_Lhe_fornuIathgg_ cont ai ni ng
t he productS'Uf”Tﬁ"present i nvention give excellent results, in
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characterized in that it contains: (a) the carbonate
ester (I), according to clai? 1, together with one or
=cre of the following: (b) solvent, (c) bright stock,
or another anti-gripping agent, and (d) usual
additives.

4. Lubricating composition according to claia 3,
characterized in that said solvent (b) is a 1light
hydrocarbon solvent, capable of favouriné'miscibility

with the fuel.

5. Lubricating composition .according to claim 3,
' characterized in that said component (c) is_a bright

stock, a po;yisobutene with a high molecular weight or
a mixture of the &wa. |

S. Lubricating compesition according to c aim ﬁ,
characterized in that said component (4) is one or more
additives se;ected from dissolving agents, anti-wear
agents, antioxidants, corrosion inhibitors, detergents,
lowering agents of thé freezing point aﬁd friction
modifiers.

7. Lubricating composition according to claim &,
characterized in that it additionally contains oné or
more of the following: anti-knock agents, anti-lead

agents, dyes, agents for improving the octane number,

antioxidants, rust preventives, bacteriostatic agents,

REPLACENHQH?SHEE[ibitors' metal deactivators, de-emulsifying

ET?MAN‘FW‘




W claim 1. Fuel -l ubricant for a two cycle internal conbustion engine,
conpri si ng a—“e%bgna,t_e_esi_er sel ect.ed. fromTHfs(S‘ﬁé‘etﬂ?séeQnalgl ‘M th the

foll owi ng formul a: [err] err] S
an al kyl grourF)u lu hed, contai ni ng fro IHH’ g"ﬁx
at ons. ” ” H"l Jﬁ'ﬁtom an al kyl group ar or
branched cont ai'ni fig frotn 1 to- 29 carbon atons, or the group:

err .
[ ] agents, lubricants of the upper part of the cylinder

and anti-freezing agents.
8. Lubricating agents according to claim 3, charac-
terized in that it contains (a) from 50 o 95% by
weight of carbonate ester (I), (b) from 5 to 20% by
weight of solvent, (¢) £rom' 0 to 153% by weight of
bright stock or another anti—grip-p.inq agent-r and (4d)
rom 0 to 15% by weight oF the usual additives.
9. Lubricating composition according to claim 8,
characterized in that it contalns (a) 65-70% by weight
' of carbonate ester (I), (b) about 10% by weight of
soivent, (c¢) from 5 to 10% by weight of bright stock or
another anti-gri nplng agent, and (d) from 5 to 15% by
weight of the usual additives.
10. E‘u_efl-lubricant mixture with a low gquantity of
smoke, for two-phase engines with internal combustion,
characterized in <that it contains a fuel and the
lubricating composition according to any of the claims
from 3 to 9.
11. Fuel-lubricant mixture according to claim 10,
characterized in that the fuel is a hydrocarbon fuel
form the distillation of petroleum and the lubricating
composition is present in a quantity of from 1 to 5% by

weight and preferably about 2% by weight in the

mixture. REPLACEMENT SHEET |-

07 MAY 190K
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"R is an ethylene group -(CH2)2 or propylene group -CH err] -CH(CH[err]),

p is a nunber varying formO to 10. 2. The fuel -lubricant according to-
claim1, characterized in that the |ubricant conpri ses: '
tetraki s(butyl carbonate) of pentaerythritol, or

tris(2-ethyl hexyl carbonate) of trinmethylol propane. 3. The

fuel -lubricant as clainmed in claim1l1, wherein said lubricant further
conprises one or nore additives selected2¥ron1dissolving agents, anti -
wear agents, antioxidants, corrosion inhibitors, detergents, |owering
agents of the freezing point and friction nodifiers. 4. The

fuel -lubricant as clainmed in claim11, wherein said |lubricant further
conprises one or nore of the follow ng: anti-knock agents, anti-|ead
agents, dyes, agents for inproving the octane nunber antioxidants, rust
preventives, bacteriostatic agents, rubber inhibitors, netal deactivators,

de-enul si fyi ng 5@fnt SMOKEbr iLBRICATINGhe QOMROSTENAN of FOR CyirivoepEASBd anti -
freezing agents.
ENGINES.

Abstract
| A carbonate ester of an aliphatic triol or tétraol

which can be defined with the following formula:

R*-C(CH,~0-(R'=0) ~C~0-R'); (1)

:

wherein R,, ®,, R' and p are as def_ined in the
description, is used as a lubricating base with a low
quantity of smoke for two-phase engines with internal
combustion.

Lubricating compositions are described which -
contain a carbonate ester (1) together with one or more
products selected from sclvents, bright stbck, or other

anti-seizing additives, plus normal additives.

This Sheet Has Been RTlaced
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00094~§ 1tas
5. The fred leiggg]gmm of.claim1l, wherein said |ubricant conpri sﬂes ?a)
from 50 BEMBNT\6HBETS of . @Rl d car bonate ester, 5 t0 20%
by wei ght BD%COPtxemtpageﬂ [®) Jg%%ﬁ] 0 to 15% by wei ght @ﬁéé'@ﬁ”§ﬂﬁﬁi or
anot her “a tﬁ-C!ium(s) g paged ng. 18 “6 - The fuel -l ubricant accord| ng to
claimbs, hﬁrlatatﬂeng(z)edpagedt,h_atb | ubri cant cofitgrH z - 7-%
by wei ght | o¥f AMtﬂclcarq%%gg . 18 about 1094 B{!SwEHEE HﬂS BEEN
sol vent, {c) from5 to 10% by rg t of bri ght stock d?EPMQE er
anti-gri ppi pay : Fy “-Iubrlccnt m xture conpri SiNg @ and ja
| ubri cant , H I e S o o LI T T P

t hose definabl e vm't? En.a

[

ing a carbonate ester sel ect ed from

o/l owi ng fornul a:
two-cycle mternal combustion engine comprising

lubricant, the improvement wherein said lubricant comprises

a carbonate ester selected from those definable with the
following formula:

Rl—c:c-iz—o—(n'—o),-ﬁ —0—R'Y

wherein:

(D
o

- R' is an alkyl group, linear or branched, containing from
1 to 20 carbon atoms,

R? is a hydrogen atom, an alkyl group which is linear or

branched containing from [ to 20 carbon atoms, or the

o

R’ is an ethylene group —(CH,), or propylene group

P is a number varying from O to 10.
2. The two-cycle engine according to claim 1, character-

tetrakis(butylcarbonate) of pcnmrythximl.' or

N\
group:
cx-h-o-(z!'—-0),,—|cl:—o—-nl
—CH,—CH(CH,),
ized in that the lubricant comprises:
"

u'is(z-ethylhexylcarbonate) of trimcthylolpropane

3. The two-cycle engine as claimed in claim 1, wherein
said lubricant further comprises one or more additives
selected from dissolving agents, anti-wear agents, antioxi-
dants, corrosion inhibitors, detergents, lowering agents of
the freezing point and friction modifiers.

. 4. The two-cycle engine as claimed in claim 1, wherein
said lubricant further comprises one or more of the foilow-
ing: anti-knock agents, anti-lead agents, dyes, agents for
improving the octane number, antioxidants, rust preventives,
bacteriostatic agents, rubber inhibitors, metal deactivators,
de-emulsifying agents, lubricants of the upper part of a

REPLACENENT SHEET]
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and anti-freezing agents.
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branched, contai
hydrogen, atom a
from1l to 20 carlo
is an ethylene grjo
nunmber varying formO to 10. Fuel 1bubricant m
claim7, characteljzed-in fuel is a

t he dlstlllatlon of petroleumand the lubricant is

.tar bon at ons.

§roup:

g%ME TSHEEQ rr] is an alkyl group, linear or

Rlerr] is a

is |linear or brﬂEPDR?EMEl})T SHEﬂm ai ni ng

a
t ur %rwﬁ@ﬂf
ydr oc BEBACEDuel fJom

present 1

quantity of from 1 SoThécwp-awiiglengime ofieiaiint uwaersin said lubricant

comprises (a) Tom S0 1o 95% by weight of said carbonate
ester, (b) from 5 w0 20% by weight of solveat, (¢) from 0 o
13% by weight of bright stock or another anti-gripping
ageat.

6. The two-cycle engine according to claim S, character-
ized in that said lubricant contains (a) 65-70% by weight of
said carbonate ester, (b) about 10% by weight of solvent, (c)
from 5 w 10% by weight of bright stock or another and-
gripping agent.

7. Fuel-lubricant mixture comprising a fuel and a lubd-

cant, said lubricant comprising a carbonate ester selected
from those definible with the following formula:

RZ—C(G-I1—0-(R'-m,—-ﬁ—o—k‘); (1)
o)
wherein:

R! is an alkyl group, linear or branched, containing from
1 to 20 carbon atoms, .

R? is a hydrogen atom, an alkyl group which is linear or
branched containing from 1 to 20 carbon atoms, or the
group: -

CHz—O—(R'—-O),—ﬁ-O—R‘

0o

R is an et.t;ylene group —(CH,), or propylene group
—CH,—CH(CH,), and

p is a aumber varying from 0 to 10.
8. Fuel-lubricant mixture according to claim 7, charac-

terized in thar the fuel is a hydrocarbon fuel from the

distillation of petroleum and the lubricant is present in a
quantity of from 1 to 5% by weight in the mixture.

9. The two-cycle engine as claimed in claim 1, wherein
said lubricant further comprises a solvent. |

= = = -  J
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9. The fuel-lTubricant as clained in ,claim1l, wherein said |ubricant
further conpri ses a sol vent. -20- agents, lubricants of the
upper part of the cylinder and anti-freezing agent REP| KoM EYP$ éfFlng
agent s according to claim3, charac- terized inthat it con ﬂ (a) from
50 to 95% by weight of carbonate ester (1), (b) from5 to 20% by wei ght
of solvent, (c) from 0 to 15% by wei gh}gof _

LW SMOKE :.CBR"'" TING CCMPCSITICN FCR - TWe- —-SHASE

A carbecnate ester of an aliphatic tricl or tetraol
which can be defined witn.:n following formula:
N\ R*~C(CH,-0=(R' -0) o=C=0-R")5 (1)
ﬂ
wherein R, Rz[ R' and » are as defined in the
description, is used as a lubricating base Qith a low
quantity of smoke for two-phase engines with internal
combustion.
Lubricating cdmpositions are described which
contain a carbonate ester (1) together with one ar mare
praducts selected from solvents, bright stock, or other

anti-seizing additives, plus normal additives.

%



brights: stock or another antl-grl pp| ng agent, and (dREAACEMENT SHRESST] SO
Wei ght of t

claim8, char acter t it contains (a) @f&@%ﬂ

car bonat e est l“g Q! t 10* by weight of ?’
10% by wei ght or anothegg anti - %%
5 to 15[ err]
with alow
conbusti on,

corrposition accord| ng to any of the clains

Tovp14-§ IPE

|veS§ .. Lubricating Cm@iﬂ;ﬁ:@ﬂ § f..Q'.'. phéd ...
dr e 05 p?%ed ..l.‘!.

dri 28ty
by vvel ght of the usual additives. H;m'ggaeé-l U ?ge?a'n‘t ?&eﬁlre

tlty of snoke, for two-phase endines W|th i nt er nal

fidiMcterized in that it contains a_ffME OF RECEIPT,sRl4t.i.ng

Fuel-lubricant for a two cycle internal combustion engine, comprising a
carbonate ester selected from those definable with the following formula:

R?2— C(CH,— 0 —(R'—0),—C—O—R"),

I - ()
o

wherein :

R' is an alkyl group, linear or branched, containing from 1 to 20 carbon
atoms.

R? is a hydrogen atom, an alkyl group which is linear or branched
containing from 1 to 20 carbon atoms, or the group:

CH,—0—(R'—0),—C—0—R’

I
0

R’ is an ethylene group —(CH,), or propylene group —CH, —CH(CH,),
p is a number varying form 0 to 10.

The fuel-lubricant according to claim 1, characterized in that the lubricant
comprises:

tetrakis(butylcarbonate) of pentaerythritol, or
tris(2-ethylthexylcarbonate) of trimethylolpropane.

The fuel-lubricant as claimed in claim 1, wherein said lubricant further
comprises one or more additives selected from dissolving agents, anti-
wear agents, antioxidants, corrosion inhibitors, detergents, lowering
agents of the freezing point and friction modifiers.

The fuel-lubricant as claimed in claim 1, wherein said lubricant further
comprises one or more of the following: anti-knock agents, anti-lead
agents, dyes, agents for improving the octane number antioxidants, rust
preventives, bacteriostatic agents, rubber inhibitors, metal deactivators,
de-emulsifying agents, lubricants of the upper. part of a cylinder and anti-

freezing agents. - . 1 REPLACEMEN"Y dilbas
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from3:to 9. 11. Fuel-lubricant m xture according to claim 10,
characterized in that the fuel is a hydrocarbon fuel formthe distillation

of petrol eum and conposition is present in a quantity of
from1l to 5% by l m m |£|“]rably about 2% by weight in the mxture.

5. The fuel-lubricant of claim 1, wherein said lubricant comprises (a) from
50 to 95% by weight of said carbonate ester, (b) from 5 to 20% by weight
of solvent, (c) from 0 to 15% by weight of bright stock or another anti-
gripping agent. :

6. The fuel-lubricant according to claim 5, characterized in that said
‘lubricant contains (a) 65 - 7-% by weight of said carbonate ester, (b)
about 10% by weight of solvent, (c) from 5 to 10% by weight of bright
stock or another anti-gripping agent.

7. Fuel-lubricant mixture comprising a fuel and a lubricant, said lubricant
comprising a carbonate ester selected from those definable with the
following formula:

N~
R2—C(CH2—O—(R’—-O),,—C—O—R1 )s
- M
O
wherein :
R' is an alkyl group, linear or branched, containing from 1 to 20 carbon
atoms.
R? is a hydrogen atom, an alkyl group which is linear or branched
containing from 1 to 20 carbon atoms, or the group:
CH2—-O—(R’—O),D——C—O—R1
v I
N~ o

R’ is an ethylene group —(CH,), or propylene group —CH, —CH(CH,),
p is a number varying form 0 to 10.

8. Fuel-lubricant mixture according to claim 7, characterized in that the fuel
is a hydrocarbon fuel from the distillation of petroleum and the lubricant is
present in a quantity of from 1 to 5% by weight in the mixture.

9. The fuel-lubricant as claimed in claim 1, wherein said lubricant further
comprises a solvent.

[REPLACEMESN i waiiw.
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