NOVEL SUCCI Nl M DE COVPOUND AND METHOD FOR PRODUCI NG I T, LUBRICAT ﬂGSOI_
ADDI TI VE COVPRI SI NG THE COMPQUND, "AND [CUBRI CATING O L CCNPCSITI%??
COVPRI SI NG THE COVPOUND FOR DI ESEL ENG NES 'ﬁﬁs@h@tﬁf};&}l | NVENTI The

present invention relates to.-novel SUCCInIm ahd a nethod
for producing them and a lubricating oi r|5|ng t he
conpound, and a lubricating oil conposition conpound for

di esel engi nes. BACKGROUND OF THE | NVENTI ON

NOVEL SUCCINIMIDE COMPOUND AND METHOD FOR PRODUCING IT,
LUBRICATING COIL ADDITIVE COMPRISING THE COMPOUND, AND
LUBRICATING OIL COMPOSITION COMPRISING THE COMPOUND

FOR DIESEL ENGINES

FIELD OF THE INVENTION
The present invention relates to novel succinimide
compounds and a method for producing them, and a
lubricating o0il additive comprising the compound, and a
lubricating o0il composition comprising the compound for

diesel engines.

BACKGROUND OF THE INVENTION

For the purpose of promoting the acid-neutralizing
effect of metallic detergent-dispersant additives{metal
type detergents)ents in lubricating oils, sucéipimide
compounds are combined with the additives and added to
various lubficating oils. As one example, hereinunder
referred to is the use of succinimide compounds in
lubricating oil for diesel engines.

In general, since fuel to-be used in diesel engines
has a large sulfur content, diesel engine exhaust gas
contain a large amount of SOx (sulfur oxides). The S0x
reacts with water vapor in the exhaust gas to give sulfuric

acid. The sulfuric acid thus formed in large quantities
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For’ the purpose of pronoting the acid-neutralizing ef netalllc
det ergent -di spersant additives(netal type detergents)ents I n t @kaﬂa@WN
oil's, succinimde conmpounds are conbined with the addit
various lubricating oils. As one exanple, herelnun
is the wuse of succinimde conpounds in Iubrlcatlng
engines. In general, since fuel to be used in diesel englnes has a Iarge
sul fur content, diesel engine exhaust gas contain a | arge anmount of SOx
(sul fur oxides). The SOx reacts with water vapor in the exhaust gas to

give SUIfuLreaks the o0il film of the lubricating oil being used in
diesel engines, théreby corroding and wearing the parts
constituting the engines. In particular, in 2-cycle
engines for ships, the cylinder liners and the piston rings
are much corroded and worn by the acid. Therefore, it is
extremely important for diesel engine lubricating oil to
have the ability of resisting such corrosion and wear.
Heretofore, a suitable amount of a perbasic, metallic
detergent-dispersant additives. has been added to
lubricating o0il, by which sulfuric acid formed in the oil
is neutralized, resulting in that c¢ylinder liners and
piston rings are protected from being corroded or worn.
However, the recent diesel engines in land vehicles are
equipped with an exhaust gas recirculation (EGR) system for
the purpose of reducing the amount of exhaust gas to be
discharged from the engines, resulting in that the SOx
content of the exhaust gas from those EGR-mounted engines
tends to increase over that from the conventional diesel
engines. Even in diesel engines for ships, low-quality
fuel having a high sulfur content has become much used in
these days for. reducing the fuel cost. Therefore, the SOx
content of the exhaust gas from those engines also tends to
increase, like that from the recent diesel engines in land
vehicles. Such a large amount of sulfuric acid as formed

through the reaction of much SOx and water vapor could not
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aci'd. The sulfuric acid thus formed in |arge quantities  REPLACEMENT
SHEET -2- breaks the oil filmof the |ubricating oil belng used i n diesel

engi nes, thereby corroding and wearing the parts Conﬂlkgﬁé&l}fiﬁ en W otk
Cétder

engi nes. In particular, in 2-cycle engines for
liners and the piston rings are nuch corroded and mor
Therefore, it is

be neutralized to such a degree that the thus-neutralized
acid does no more corrode and wear engine parts, even if
the amount of the perbasic, metallic detergent-dispersant
additives to be added to engine lubricating oil is merely
increased. Given that situation, a combination of the
perbasic, metallic detergent-dispersant additives and an
ashless dispersant has been'tried, thereby promoting the
acid-neutralizing effect of the metallic detergent-
dispersant additives in order to protect the cylinder
liners and piston rings of engines from being corroded and
worn. For example, Japanese Patent Application Laid-Open
No. 6-271885 discloses an additive comprising calcium
salicylate and a bis~type alkenylsuccinimide in its Example,
in which, however, the alkenylsuccinimide used requires the
addition of an amine-molybdenum complex thereto in order to
attain the intended object. Therefore, the development of
succininide compounds of a novel type is desired.

On the other hand, it is known that, in diesel engines,
the acid-neutralizing speed of the metallic detergent-
dispersant additives used has some relation to the
corrosion and wear of the cylinder 1liners and the piston
rings constituting the engines. Therefore, the acid-
neutralizing speed of the agent in lubricating oil used in . .

diesel engines shall indicate the ability of the
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ext renel y inmportant for diesel engine lubricating oil to hav
0of resisting such corrosion and wear. Heretofore, a suitable anmount of a
perbasic, nmetallic detergent-dispersant additives ﬁBmm

to lubricating oil, by which sulfuric acid fornmed in the

neutralized, resulting in that cylinder liners and piston “Méﬂ!
protected from being corroded or worn. However, the recen nes
in land vehicles are equi pped with an exhaust gas recircul ation (EGR)
system for the purpose of reducing the anount of exhaust gas to be

dlSCharQEdlfBOgEg@?n%n%h. ofr%%%teégaﬁélég?lnder ﬁlners and piston

rings from being corroded and worn.

SUMMARY OF THE INVENTION

The invention has been made in consideration of the
above-mentioned viewpoint, and its object is to provide
succinimide compounds_ of a novel type and a method for
producing them, to provide a lubricating oil additive
comprising the compound, and to provide a lubricating oil
composition to be used in diesel engines that discharge
much SOx. .Specifically, the lubricating oil composition
for diesel engines of the invention 1is characterized in
that it exhibits good corrosion resistance and wear
resistance even when used in such diesel engines that
discharge much SOx.

Having specifically noted the acid-neutralization
speed of the metallic detergent-dispersant additives in
lubricating o0il for engines, we, the present inventors have
assiduously studied and, as a result, have found
succinimide compounds of a novel type. On the basis of
this finding, we have completed the present invention.

Specifically, the first aspect of the invention is to
provide succinimide compounds which are reaction products
of an acid compound of the following general formula (I) or

(II) and a polyamine, and which give an absorption peak (a

o
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content of the exhaust gas fromthose EGR-nounted englnes ten rease
over that fromthe conventional diesel engines. |n dlesel englnes

for ships, lowquality fuel having a high sul fur cont Rﬂﬂ
used in these days for reducing the fuel cost. Therefo ent
of the exhaust gas fromthose engines also tends to i ncr

fromthe recent diesel engines in |and vehicles. Such a of

sul furic acid as fornmed through the reaction of nuch SOx and mater vapor
coul d not

-peak) at 1640 X 10 cm~! and an absorption peak (8 -peak)
at 1700 = 10 cm~l in the IR spectral pattern with the
ratio of the intensity of the a-peak to that of the B-peak

{(intensity of a-peak/intensity of B-peak) of being 0.12 or

more.
[2] : o
V4
R——CH——COOH ' R"—CH—C\
(I) l 0O (I1)
CH,— COOH L ——c/
2 \O

wherein R represents an alkenyl or alkyl group derived from
a C2 to Cl5 olefinic polymer and having a number-average
molecular weight of from 200 to 4000.

The second aspect of the invention is to provide a
method for producing the succinimide compounds,-. which
comprises reacting the acid compound with a polyamine in a
molar ratio, acid compound/polyamine, of 2.0 or more.

The third aspect of the invention is to provide a
lubricating o0il additive comprising fhe succinimide
compound.

The fourth aspect of the invention is to provide a
lubricating o0il composition for diesel engines, which
comprises a base o0il for lubricating o0il, and (A) a

metallic detergent-dispersant additives selected from over-




be neutralized to such a degree that the thus-neutralized acid does no nore

corrode and wear engine parts, even if the anount of t-he—perbaste—retabHc

det ergent - di spersant additives to be added to engine lubricating oil is

merely increased. G ven that situation, a conbi natlo'ﬁlls(ﬂleettH@qger

metal lic detergent-dispersant additives and an ashl ess d been

tried, thereby pronoting the acid-neutralizing ef f ect I 1ic
I ners and

detergent- di spersant additives in order to protect the cyﬂl n!gr"
pi ston rings of engines from being corroded and

based sulfonates, phenates and salicylates of alkaline

earth metals, and (B} the succinimide compound.

DETAILED DESCRIPTION OF THE INVENTION
Now, the invention is deséribed in detail hereinunder,
referring to preferred modes of carrying out the invention.
In the first aspect of the invention, the acid
compound to be reacted with a polyamine is represented by

the following general formula (I) or (II):

[3]

0
| V4
R——CH——COOH R—CH—C
' (I) l O (II)
CH,—COOH Lo —-c/
2 \O

wherein R represents an alkenyl or alkyl group derived from
a C2 to Cl5 olefinic polymer and having a number-average
molecular weight of from 200 to 4000.

In formulée (I) and (II), R represents an alkenyl or
alkyl group derived from a C2 to Cl5 olefinic polymer and
having a number-average nmlecu;ar weight. of from 200 to

4000, preferably from 500 to 3000, more preferably from 700
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wor n.. For exanpl e, Japanese Patent Application Laid-Open No. 6-271885
di scl oses an additive conprising calciumsalicylate and a bis-type

al kenyl succinimde in its Exanple, in which, however, thep; ¢ eeEﬁBemReplaced

al kenyl succi ni m de used requires the addition of an am ne-

conpl ex thereto in order to attain the intended object. Thgi ﬂ lmmmm

devel opnent of succini m de conpounds of a novel type . is de Ol

other hand, it is known that, in diesel engines, the acid-neutralizing

speed of the metallic detergent- dispersant additives used has some

relation t%éﬁg%&g?rogﬁgnpig%eggg& %&ng;fngégggriglg?g;fg?é;é&léﬁ;ion
group. |

The acid compound where R is an alkenyl group is

. obtained by reacting a polyisobutene or an ethylene-
propylene copolymer with maleic anhydride or maleic acid.
The acid compound where R is an alkyl group is obtained by
hydrogenating the alkenyl group of R.

The succinimide compound of the invention is obtained
by reacting the acid compound with a polyamine in a molar
ratio, acid compound/polyamine, of 2.0 or more, preferably
2.2 or more. Examples of the polyamine include
homodiamines such as ethylehediamine, propylenediamine,
butylenediamine, pentylenediamine; and polyalkylene-
polyamines such as diethylene-triamine, triethylene-
tetramine, tetraethylene-pentamine, pentaethylene-hexamine,
dibut&lene—triamine, tributylene-tetramine, pentapentylene-
hexamine. The succinimide compounds of the invention give
an absorption peak ( a -peak) at 1640 * 10 cm~l and an
absorption peak ( B -peak) at 1700 =+ 10 cm~! in the IR
spectral pattern, in which the ratio of the intensity of
the o -peak to that of the B -peak (intensity of a -
peak/intensity of B-peak) is 0.12 or more, more preferably
0.15 or more. If the intensity ratio is less than 0.12,

the acid-neutralizing effect of the compounds decreases

unfavorably.
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rings constituting the engines. Therefore, the acid- peutralkzing—

speed of the agent in lubricating oil used in diesel engines shal

indicate the ability of the -4- lubricating oil offhipBlsetdlss Beeg Replaced
cylinder liners and piston rings from being corroded and
THE | NVENTI ON The invention has been made in consideratio

The intensity of the absorption peak referred to
herein indicates the height of the peak from which is
subtracted the background.

The third aspect of the invention is to provide a
lubricating oil .additive comprising the succinimide
compound. In general, the amount of Ithe succinimide
compound to be in the additive may be from 0.25 to 40 % by
weight relative to the total weight of the additive, which,
‘however, shall vary depending on the type of the
lubricating oil to which the additive is added. |

The fourth aspect of the invention is to provide a
lubricating o0il composition for diesel engines, which
comprises a base o0il for lubricating oil, and (&) a
metallic detergent-dispersant additives selected from over-
based sulfonates, phenates and salicylates of alkaline
earth metals, and (B) the succinimide compound.

The base o0il to be in the composition may be any of
mineral oils and/or synthetic oils. Those mineral oils and
synthetic oils are not specifically defined, and may be any
ones ¢generally used as base o0ils in lubricating oil for
internal combustion engines. However, preferred are those
having a kinematic viscosity at 100°C of from 8 to 35 mm?/s,
more preferably from 10 to 25 mm2/s. If the kinematic
viscosity of the base oil usedlis too high, ‘the fuel cost

increases unfavorably. On the contrary, if too low, the
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above- menti oned viewpoint, and its object is to provide succinin de
.conpounds of a novel type and a method for producing them_ to provide a

| ubricating oil additive conprising the conpound, and to provide a

| ubricating oil conposition to be used in diesel engi ”esTﬂMEetﬁE&Q?Eegﬁced

much SOX. Specifically, the lubricating oil conpositi OE "ﬂwmm JH
[

engi nes of the invention is characterized in that it exhi
engi nes that discharge nuch SOx. Having specifically noted the
lubricating oil evaporates too much, resulting in that the

corrosi on resi stance and wear resistance even when used
acid-neutralization

0il consumption increases unfavorably. The pour point of
the Dbase o0il, which indicates its low-temperature
flowability, is not specifically defined, but is preferably
not higher than -10°C.

Known are various mineral oils and synthetic oils
satisfying those requirements, from which may be selected
appropriate ones for use in the invention. For example,
mineral oils include paraffinic mineral oils, naphthenic
mineral oils, and their mixed base oils. As specific
examples for use in the invention, mentioned are solvent-
purified or hydrogenated, 1light neutral oils, medium-
gravity neutral oils, heavy neutral oils, and bright stocks.

Synthetic oils usable in the' invention include, for
example, poly-a-olefins, a-olefin copolymers, polybutenes,
alkylbenzenes, polyol-esters, esters of dibasic .acids,
esters of polyalcohols, polyoxyalkylene glycols, esters of
polyoxyalkylene glycols, and polyalkylene glycol ethers.

These base o0ils can be used in the invention either
singly or as combined. As the case may be, mineral oils
and synthetic oils can be combined for use in the invention.

The components (A) and (B) to be added to the base o0il

are described hereinunder.

Component (A)
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speed of the netallic detergent-dispersant additives_LQ_LQQLLQaLLng—eF%~for
.engi nes, we, the present inventors have assiduously studied and,
resul t, have  found succini m de conpounds of a nove ,;mg&fhsﬁnnRhémﬁhS|s

of this finding, we have conpleted the present inventio t he
first aspect of the invention is to provide succini mderﬁwm‘ h are
reaction products of an acid conpound of the follow ng g a (1)
or (I1) and a pol yam ne, and which give an absorption peak (a

The component (A) is a metallic detergent-dispersant
additives to be selected from 6ver—based sulfonates,
phenates and salicylates of alkaline earth metals.
Preferably, the dispersant has a total base number of from
100 to 600 mg KOH/g (as measured according to the
perchloric acid in JIS K-2501). If its total base number
is too low, the dispersant must be added to the base o0il in
large quantities in order to obtain the effect of the
dispersant, which is disadvantageously uneconomical.
However, if too high, the insoluble content of the additive
increases, often resulting in unfavorable separation or
precipitation of the lubricating oil.

The over-based, alkaline earth metal sulfonates are
alkaline earth metal salts of various sulfonic acids, which
are generally obtained by carbonating various alkaline
earth metal salts of sulfonic acids. The sulfonic acids
include, for example, aromatic petroleum sulfonic acids,
alkylsulfonic acids, arylsulfonic acids, and
alkylarylsulfonic acids. As specific examples, mentioned
are dodecylbenzenesulfonic acid,
dilaurylcetylbenzenesulfonic acid, paraffin wax-substituted
benzenesulfonic acids, pblyolefin—substituted
benzenesulfonic acids, polyisobutylene-substituted

benzenesulfonic acids, and naphthalenesulfonic acid.
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-5-" -peak) at 1640 [err] 10 cnferr] and an absorptlon-peak—fferrf-peakr—at
1700 10 cnferr] in the IR spectral pattern with the rﬁéio of th

intensity of the a-peak to that of the [err]-peak (inte ﬁﬁ*ﬁﬁﬁmﬁeﬂmed
n R

a-peak/intensity of [err]-peak) of being 0.12 or nore.
The over-based, alkaline earth metal phenates are

represents an al kenyl or al kyl group derived froma C2
pol ymer and havi ng a nunber-aver age

alkaline earth metal salts of alkylphenols or sulfurized
alkylphenols, which are generally obtained by carbonating
alkaline earth metal salts of alkylphenols or sulfurized
alkylphenols.

The over-based, alkaline earth metal salicylates are
alkaline earth metal salts of alkylsalicylic acids, which
are generally obtained by alkylating phenols with Cg to Cig
a -olefins, then introducing thereinto a carboxyl group
through Kolbe-Schmitt's reaction, double-decomposing them,
and finally carbonating them. Specific examples of the
alkylsalicylic acids include dodecylsalicylic acid,
dodecylmethylsalicylic acid, tetradeéylsalicylic acid,
hexadecylsalicylic acid, octadecylsalicylic acid, and
dioctylsalicylic acid.

The alkaline earth metals for those _sulfonateé,
phenates and salicylates include, for example, calcium,
barium, and magnesium. In view of the effect of the salts,
preferred is calcium.

Thé component (A) may be one or more of those salts.
The amount of the component (A) to be in the composition is
preferably from 5 to 40 $§ by weight, more preferably from
10 to 30 ¢ by weight, relative to the total weight of the
composition. If its amount is léss than 5 % by welght, the

synergistic, ~acid-neutralizing effect of the component (A)

['TTH?“
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nol ecul ar wei ght of from 200 to 4000. The second aspect of the invention is
to provide a nethod for producing the succininide conpounds, which

conprises reacting the acid conpound with a anlnamhmmaﬂmmB&medmmé
aci d conpound/ pol yam ne, of 2.0 or nore. The thlrd asp entlon
s to provide a lubricating oil additive conpri si

succi ni m de conpound. The fourth aspect of the inventi rov de a

| ubricating oil conposition for diesel engines, which conprlses a base oi
for lubricating oil, and (A a

as combined with the component (B) will often Dbe
unsatisfactory. However, even if the component (A) 1is
.added to the composition in an amount of more than 40 % by
weight, the addition of such a 1large amount of the
component (A) will not reflect on the increase in the
intended effect.
Component (B)

The succinimide compound is used as the component (B).
One or more of the compounds may be added to the
composition. The amount of the componentl(B) is preferably
from 0.1 to 3 ¢ by weight, more preferably from 0.3 to 2 %
"by weight, relative to the total weight of the composition.
If its amount is less than 0.1 $ by weight, the synergistic,
acid-neutralizing éffect-of the component (B) as combined
with +the component (A) will often be unsatisfactory.
However, even if the component (B) is added to the
composition in an amount of more than 3 % by weight, the
addition of such a large amount of the component (B) will
not reflect on the increase in the intended effect.

Regarding the total base number of the composition, if
the number is too low, the acid-neutralizing effect of the
composition is poor; but if too high, the composition
prbduces a large amount of deposits. For these reasons,
‘therefore, it is desirable .that the composition is

| controlled to have a total base number of from 30 to 150 mg
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metal | i c detergent-di spersant additives sel ected fromover- — —6—based——
ssul fonates, phenates and salicylates of alkaline earth netals, and (B) the
succi ni ni de conpound. DETAI LED DESCRI PTI ON OF THE | NVENT Gl Shéevias Bera Replaced

i nvention is described in detail hereinunder, referring to mﬁum“mnmiﬁes

of carrying out the invention. In the first aspect of the
KOH/g (as measured according to the perchloric acid in JIS

aci d

K-2501). More preferably, the number falls between 40 and
100 mg KOH/g.

Regarding the total nitrogen content of the
composition, if the content 1is too 1low, the acid-
neutralizing effect of the composition is poor; but if too
high, the composition produces.sludge with ease while it is
oxidized and deteriorated. For these reasons, therefore,
it is desirable that the composition is controlled to have
a total nitrogen content of from 10 to 200 ppm by weight,
more preferably from 20 to 100 ppm by weight.

The composition is obtained by adding the components
(A) and (B) to base o0il. In general, in order to improve
the physical properties of the lubricating oil composition,
various additives, such as antioxidants (oxidation
inhibitors), viscosity index improvers, metal deactivators,
pour point depressants, anti-wear agents, anti-foam
additives and extreme pressure additives, may be added to
the composition. Various types of those additives are
known, any of which can be used in the invention with no
limitation. For example, as antioxidants, known are amine
compounds such as alkylated diphenylamines, phenyl- a -
naphthylamines; and phenolic compounds such as 2,6-di-t-
butylphenol, 4,4'—methylenebis-k2,6—di—t-butylphenol). In

general, the antioxidant may be added to the composition in
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compound to be reacted with a polyamine is represented
.general formula (1) or (IlI): [3] [err] wherein R represents an al kenyl or
al kyl group derived froma C2 to Cl15 ol efinic pol yner andhiahde

s Been Replaced
nunber - aver age nol ecul ar wei ght of from 200 to 4000. In fo
(I'1), Rrepresents an al kenyl or al kyl group derived fron1B
0 rom 200

ol efinic polyner and havi ng a nunber-average nol ecul ar wei
to 4000, preferably from500 to 3000, nore preferably from 700

an amount of from 0.05 to 2 % by weight relative to the
total weight of the composition. As viscosity index
improvers, for example, known are polyalkyl methacrylates,
polyisobutylenes, ethylene-propylene copolymers, styrene-
isoprene copolymers, and hydrogenated styrene-butadiene
copolymers. In general, the viscosity index improver may
be added to the compqsition in an amount of from 0.5 to
30 % by weight relative to the total weight of the
composition. As metal deactivators, for example, known are
benzotriazoles, thiadiazoles, and alkenylsuccinates. In
general, the metal deactivator may be added to the
composition in an amount of from 0.005 to 1 % by weight
relative to the total weight of the composition. As pour
point depressant, for example, known are polyalkyl
methacrylates, and polyalkylstyvrenes. In general, the pour
point depressant may be added to the composition. in an
amount of from 0.01 to 1 % by weight relative to the total
weight of the composition. As anti-wear agents, for
example, known are organic molybdenum compounds such as
molybdenum dithiophosphate, molybdenum dithiocarbamate;
organic zinc compounds such as zinc dithiophosphate;
organic boron compounds such as alkylmercaﬁtyl borates; and
also other anti-wear solid lubricants such as graphite,
molybdenum disulfide, antimony sulfide, boron compounds,

polytetrafluoroethylenes. In general, the anti-wear agents .
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-7- to 2300. The preferred al kenyl group is a polyisobutenyl group. The

acid conmpound where R is an al kenyl group is obtained by reacting a-

pol yi sobut ene or an et hyl ene- propyl ene copolyner with mal eic. anh rﬁde or
mal ei ¢ aci d. The acid conpound where Ris an alkyl group is ﬁ ,mTi‘iixd

hydr ogenating the al kenyl group of R
may be added to the composition in an amount of from 0.1 to

3 % by weight relative to the total weight of the
composition. As anti-foam additives, for example, known
are dimethylpolysiloxanes and polyacrylates. In general,
the anti-foam additives may be added to the composition in
an amount of from 0.0005 to 1 % by weight relative to the
total weight of the composition. As extreme pressure
additives, for example, known are sulfurized oils and fats,
and diallyl disulfide. In generalf the extreme pressure
additives may be added to the composition in an amount of
from 0.1 to-15 % by weight relative to the total weight of
the composition.

Now, the invention 1is described in more detail with
reference to the following Examples, which, however, are
not intended to restrict the scope of the invention.
Examples 1 to 3, and Comparative Exaﬁples 1 and 2:

Polyisobutenylsuccinic anhydride of which the
polyisobutenyl group has a number-average molecular weight
of 1000, was reacted with tetraethylene-pentamine or
pentaethylene-hexamine in the ratio shown in Table 1 below
to produce succinimide compounds. 0.5 % by weight of the
succinimide compound and 14.0 % by weight of calcium
sulfonate having a total base number of 500 (as measured
according to the perchloric acid in JIS K-2501) were added

to 85.5 % by weight of a mineral base o0il having a
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The succi ni mi de conpound of the invention is obtained by re

id

.conpound with a polyamne in a nolar ratio, acid conpound/pol yam ne, of 2.

or nore, preferably 2.2 or nore. Exanpl es of ha Shectifl BT REaced
i ncl ude honodi am nes such as et hyl enedi am ne, propyl en

but yl enedi am ne, pent yl enedi am ne; and pol yal kylel \“ﬂ “{H‘* ms
such as diethylene-triam ne, triethyl ene- tetram nel

t etraet hyl ene- pent am ne, pentaet hyl ene-hexam ne, di butyl ene-tri am ne,

tributyl ene-tetram ne, pentapentyl ene- hexam ne. The succini

of the invention give an absorption pea a -peak 1640
cnferr] an&i&ﬁmat%c viscosity  at" P K pgak) af

m de conpounds
10

[errJ
00°C" of 20 'mm4/s, to produce

lubricating oil compositions for diesel engines of Examples

and Comparative Examples. These compositions were tested

in the methods mentioned below to determine their acid-

neutralizing speed and stability. The data obtained are

shown in Table 1.

(1) Method for Measuring Acid-neutralizing Speed

.
-

100 g of the sample 0il of Examples and Comparative

Examples was put into a 1l-liter, branched, round-bottom

flask, and heated up to 50°C, to which was added 1 ml of

35.9 N sulfuric acid, and stirred. Carbon dioxi
formed in the flask through the acid neutralizat

following (1):
CaC03 + H2S04 — CaSQ4 + H20 + CO2 17

de gas was

ion of the

(1)

From the pressure variation caused by the thus-formed

carbon dioxide gas (the inner pressure increa
seconds after the addition of sulfuric 'acid),
neutralizing speed of the sample was obtained.

giving a larger pressure increase 1is evaluated

sed. in 30
the acid-
The sample

to have a

higher ability of preventing such corrosion and wear.

(2) Stability Test:

The compoéitions of Examples and Comparativ

e Examples

were stored for one month, and their transparency was

measured. In Table 1 below, "O" indicates that

the stored
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absorption peak ([err] -peak) at 1700 10 cnferr] in the IR spectral
pattern, in which the ratio of the intensity of the a -peak to that of the
[err] -peak (intensity of a - peak/intensity of [err]-peak) is 0.12 or
nore, nore preferably 0.15 or nore. |If the intensity ratio is |less than
0.12, the acid-neutralizing effect of the conpounds decreases unfavorably.
- 8-

sample was transparent, and "X" indicates that the stored

sample was cloudy.

S
Sheet Has Been Replaced
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The -intensity of the absorption peak referred to herein indicates
the height of the peak fromwhich is subtracted the background. The third
aspect of the invention is to provide a lubricating oil additive
conprising the succinimde conpound. In general, the anount of

the succinimde conpound to be in the additive may be fromO0.25 to 40 % by

wei ght relative to the total weight of the additive, which, however,
type T ofT—ttetubricating oil to which the

shall vary dependi g —om Tth
addi tive is added. Th&flourth gspe¢t qf the inventign is to provide a
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| ubricating oil conposition for diesel engines, which conprises a base oi
for lubricating oil, and (A) a netallic detergent-di spersant additives
sel ected fromover- based sul fonates, phenates and salicyl ates of alkaline
earth nmetals, and (B) the succinimde conmpound. The base oil to be in the
conposition may be any of mneral oils and/or synthetic oils. Those m neral

oils and synthetic oils are not specifically defined,

generally used as base oils in lubricating oil for internal conbustion

engi nes.

However, preferred are those having a kinematic viscosity at

100[ err] C of fron18 to 35 nmjerr]/s,

has Dbeen described in detail hereinabove, the
lubricating oil composition for diesel engines of the
invention, which comprises the novel succinimide compound,
has an extfemely high acid-neutralizing speed, while
exhibiting the excellent effect of protecting engine parts
from being corroded and worn by SOx discharged in large
quantities. 1In parti;ular, the composition 1is especially
suitable as the cylinder oil to be in 2-cycle engines for
ships.

While the invention has been described in detail and

'with reference to specific embodiments thereof, it will be

apparent to one skilled in the art that various changes and
modifications can be made therein without departing from

the spirit and scope thereof.

-
heet Has Been Replaced
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rmré-preferably from10 to 25 m®/s. If the kinematic viscosity of the
base oil used is too high, the fuel cost increases unfavorably. On the
contrary, if too low, the -9- lubricating oil evaporates too much,

resulting in that the oil consunption increases u orably. The pour
point of the base oil, whi ch I ndi cat es Its | ow-t€e

flowability, is not specifically defined, but is pi‘misSEe@H.&agBeenRe ’
Placed

LT

1. Succinimide compounds which are reaction products

WHAT IS CLAIMED IS:

of an acid compound of the following general formula (I) or
(II) and a polyamine, and which give an absorption peak («
-peak) at 1640 £ 10 cm~1l and an absorption peak (8 -peak)
at;. 1700 * 10 cm~! in the IR spectral pattern with the
ratio of the intensity_ of the a-peak to that of the B-peak
(intensity of a-peak/intensity of B-peak) of being 0.12 or

ore.

(1]

o
7
R——CH—COOH SRR
(I) O (II)
CH,— COOH N
2 \O

wherein R represents an alkenyl or alkyl group derived from
a C2 to Cl5 olefinic polymer and having a number-average
molecular weight of from 200 to 4000. |

| 2.  Succinimide compounds as claimed in claim 1, of
which the ratio of the intensity of the a -peak to that of

the B -peak (intensity of a -peak/intensity of B -peak) is

0.15 or more.
—

A
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not‘higher t han -10[err] C. Known are various mneral oils and synthetic
oils satisfying those requirenents, from which nay_ﬁ__ééTECTed—aﬁﬁfeﬁ{iate

ones for use in the invention. For exanpl e, mnergal. | s |nclude
paraffinic mneral oils, naphthenic mneral oils, ﬁn&@ﬂmhase
oi | s. As specific exanples for use in the invent| ,

sol vent- purified or hydrogenated, |ight neutral oil |ty

neutral oils, heavy neutral oils, and bright stocks. Synthetlc 0| s usabl e
in the invention include, for exanple, poly-[err]-olefins, [err]-olefin
copolyners,.polybutenes
. A method for producing succinimide compounds of
claim 1 or 2, which comprises reacting the acid compound of
formula (I) or (II) és claimed in claim 1 with a polyamine
in a molar ratio, acid compound/polyamine, of 2.0 or more.
4, A lubricating o0il additive comprising the
succinimide compound of claim 1 or 2.
5. A lubricating_oil composition for diesel engines,
which comprises a base o0il for lubricating o0il, and (A) a
metallic detergent-dispersant additives selected from over-
based sulfonates, phenates and salicylates of alkaline
earth metals, and (B) the succinimide compound of claim 1
or 2.
6. The lubricating oil composition for diesel engines
as claimed in claim 5, in which the component (A) is from 5

. to 40 % by weight and the component (B) is from 0.1 to 3 %

by weight, relative to the total weight of the composition.

A
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alkyrbenzenes, pol yol -esters, esters of dibasic acids, esters of . .
pol yal cohol s, pol yoxyal kyl ene gl ycols, esters of polyoxyatkytene girycors,
and pol yal kyl ene gl ycol ethers. These base oils can be %%Ed in the

i nvention either singly or as combined. As the case may iﬂmmﬁﬁiﬁit
ent s

and synthetic oils can be conbined for use in the inventi
Disclosed are novel succinimide compounds effective in

(A) and (B) to be added to the base oil are described her
Conmponent (A) -

ABSTRACT OF THE DISCLOSURE

diesel engine lubricating oil for protecting engine parts
from being corroded or worn by SOx. An acid compound of
formula (I) or (II) is reacted with a polyamine to produce
the succinimide compounds, which give an absorption peak
(@ -peak) at 1640 = cm~l and an absorption peak (B -peak)
at 1700 = 10 cm~l in the IR spectral pattern with the

ratio, o« -peak intensity/ B -peak intensity, of being 0.12

or more.
[1]
0
4
R——CH——COOH R— CH_C\ -
(I) ’ 0O (II)
CH,— COOH /

CHZ_C

4

R is an alkenyl or alkyl group derived from a C2 to C15
olefinic polymer and having a number-average molecular
weight of from 200 to 4000. The succinimide compound is
added to base o0il along with_ a metallic detergent-
dispersant additives selected from over-based sulfonates,
phenates and salicylates of alkaline earth metais to give a

lubricating oil composition for diesel engines.

22 ' =
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-10 - The corrponent (A) is a netallic detergent-dispersant ﬂEPhAGEMENB SHEET
sel ected from over-based sul fonates, phenates and salicylhtFs -
alkaline earth netals. Preferably, the di spersant has a tpt

hggf%ﬂ:rgqgge

of from 100 to 600 ngy KOH/ g (as neasurgg accor'ding to the pgr
be added to the base oil in large quantities in order to obfain the effect

in JIS K-2501). If its total base nunber is too low, the dfs
of the dispersant, - which i s disadvant ageously uneconormtar™

kinematic viscosity at 100°C of 20 mm?/s, to produce
lubricating o0il compositions for diesel engines of Examples
and Comparative Examples. These compésitions were tested
in the methods mentioned below to determine their acid—
neutralizing speed and stability. The data obtained are
shown iﬁ Table 1.

(1) Method for Measuring Acid-neutralizing Speed:

100 g of the sample 0il of Examples and Comparative
Examples was put into a 1-liter, branched, round-bottom
flask, and heated up to 200°C,to which was added 1 ml of
35.9 N sulfuric acid, and stirred. Carbon dioxide gas was
formed in the flask through the acid ﬁeutralization of the
following (1):

CaC03 + H2S04 — CaSQq + H20 + CO2 1 (1)

From the pressure variation caused by the thus-formed
carbon dioxide gas (the inner pressure increased. in 30
seconds after the addition of sulfuric acid), the acid-
neﬁtralizing speed of the sample was obtained. The sample
giving a larger préssure increase is evaluated to have a
higher ability of preventing such corrosion and wear.

(2) Stability Test:

The compoéitions of Examples and Comparative Examples

were stored for one month,_ and their transparency was

measured. In Table 1 below;'"O" indicates that the stored

-
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Fbméver, If too high, the insoluble content of the additiveHEELAQE@EQH'SHEET

-dften resulting in unfavorabl e separation or precipitationjoff the

| ubricating oil. The over-based, alkaline earth netal sulf¢n t@b5aﬁec ?$7

al kaline earth netal salts of various.sulfonic acids, which are genera
obt ai ned by carbonating various alkaline earth netal saltsjo ohi-oniComd
acids. The sulfonic acids include, for exanple, aromatic pefrol eum

sul foni c acids, alkylsulfonic aci ds, aryl sul fonic acids,
and al kyl aryl suNCYHLe SAEGGIRVIMIRE QQMEQUI@ SEhPESSIOhEiOR ARPETING IT,

dodecyl benzenesul foni c i d,
LUBRICATING OIL ADDITIVE COMPRISING THE COMPOUND, AND

LUBRICATING OIL COMPOSITION COMPRISING THE COMPOUND

FOR DIESEL ENGINES

FIELD OF THE INVENTION
The present invention relates to novel succinimide
compounds and a method for producing them, and a
lubricating oil additive comprising the compound, and a
lubricating oil composition comprising the compound for

diesel engines.

BACKGROUND OF THE INVENTION

For the purpose of promoting the acid-neutralizing
effect of metallic detergent-dispersant additives(metal
type detergents)ents in lubricating oils, sucéinimide
compounds are combined with the additives. and added to
various lubricating oils. As one example, hereinunder
referred to is the use of succinimide compounds in
lubricatihg 0oil for diesel engines.

In general, since fuel to be used in diesel engines
has a large sulfur content, diesel engine exhaust gas
contain a large amount of SO0x (sulfur oxides). The SOx
reacts with water wvapor in'the exhaust gas to give sulfuric

acid. The sulfuric acid thus formed in large quantities




diIéurylcetylbenzenesulfonic acid, paraffin wax-substitute
pol yol efi n-substi tuted benzenesul f onic cinds,

pol yi sobut yl ene-substituted benzenesul fonic acids, and nap tﬁ%ﬁqugdﬁgén

11 - The over-based, al kaling earth netal phenatles_are alkal

earth netal

general |y obtai ned by carbonating

IR

PLACEMENT SHEE;ir

salts of al kyl phenols or sukfurized al kyl phenols, which are

<)

breaks the o0il film of the lubricating o0il being used in
diesel engines, thereby corroding and Wearing the parts
constituting the engines. In particular, in 2-cycle
engines for ships, the cylinder liners and the piston rings
are much corroded and worn by the acid. Therefore, it is
extremely important for diesel engine lubricating oil to
have the ability of resisting such corrosion and wear.
Heretofore, a suitable amount of a perbasic, metallic
detergent-dispersant additives has been added to
lubricating oil, by which sulfuric acid formed in the oil
is neutralized, resulting in that c¢ylinder 1liners and
piston rings are protected from being corroded of worn.
However, the recent diesel engines in land vehicles are
equippgd with an exhaust gas recirculation (EGR) system for
the purpose of reducing the amount of exhaust gas to be
discharged from the engines, resulting in that the SOx
content of the exhaust gas from those EGR-mounted engines
tends to increase. over that from the conventional diesel
engines. Even in diesel engines for ships, .low-quality
fuel having a high sulfur content has become much used in
these days for.reducing'the fuel cost. Therefore, the SOx
content of thg exhaust gas from those engines also tends to
increase, like that from the recent diesel engines in land
vehicles. Such a large amount of sulfuric acid as formed

through the reaction of much SOx and water vapor could not



al kaline earth netal salts of al kyl phenols or sulfurized

over - based,

of al kylsalicylic acids, which are generally obtained by

with C8 to Cl18 a -olefins, then introducing thereinto a ¢ rtogyb BECYRY7
n y

i ncl ude
tetradecyl salicylic acid, hexadecylsalicyli¢c acid,  oct

PLACEMENT §

al kaline earth netal salicylates are alkaline

-t ig- pheno

t hrough Kol be-Schnmitt's reaction, doubt & deconposing them| 3 I nal |
carbonating them Speci fic exanples of the al kylsalicylilc L—acids
dodecyl salicylic aci d, dodecyl nethylsalicylic | acid, s

ande neutralized to such. & degree that the this-neutralized
acid does no more corrode and wear engine parts, even if
the amount of the perbasic, metallic detergent-dispersant
additives to be added to engine lubricating oil is merely
increased. Given that situation, a combination of the
perbasic, metallic detergent-dispersant additives and an
ashless dispersant has been tried, thereby promoting the
acid-neutralizing effect of the metallic detergent-
dispersant additives in order to protect the cylinder
liners and piston rings of engines from being corroded and
worn. For example, Japanese Patent Application Laid-Open
No. 6-271885 discloses an additive comprising calcium
salic&late and a bis-type alkenylsuccinimide in its Example,
in which, however, the alkenylsuccinimide used requires the
addition of an amine-molybdenum complex thereto in order to
attain the intended object. Therefore, the development of
succinimide compounds of a novel type is desired.

On the other hand, it is known that, in diesel engines,
the acid-neutralizing speed of the metallic detergent-
dispersant additives wused has some relation to the

corrosion and wear of the cylinder liners and the piston

rings constituting the engines. Therefore, the acid- _

neutralizihg speed of the agent in lubricating oil used in

diesel engines shall indicate ‘the ability of the

ANSANES



di oétyl salicylic acid. The alkaline earth netals
sul fonat es, phenates and salicylates include, for exmm&m |$ﬂH,EEge

Lr i um

and magnesium In view of the effect of the salts, drdferred_is cal ¢gi ym
The conponent (A) may be one or nore of 4 hose salts. hed SnDbit 1987 t|he
conponent (A) to be in the conposition s preferably from5 to 40 %]|by

wei ght, nore preferably from 10 to 30 % by wei ght, rlelative to the tot

wei ght of the conposition. If its anount is |less than. 5 2%

synergi sti cyy@6i daerlg 1 aliilzige phkbeettahgt heyrpmpeonentiness and piston

al

he

rings from being corroded and worn.

SUMMARY OF THE INVENTION

The invention has been made in consideration of the
above-mentioned viewpoint, and its object is to provide
succinimide compounds of a novel type and a method for
producing them, to provide a lubricating oil additive
comprising the compound, and to provide a lubricating oil
composition to be used in diesel engines that dischargé
much SOx. Specifically, the lubricating oil composition
flor diesel engines of the invention is characterized in
that it exhibits good corrosion resistance and wear
resistance even when uséd in such diesel engines that
- discharge much SOx. |

Having specifically noted the acid-neutralization
speed of the metallic detergent-dispersant additives in
lubricating oil for engines, we, the present inventors have
assiduously studied and, as a result, have found
succinimide compounds of a novel type. On the basis of
this finding, we have completed the present invention.

Specifically, the first aspect of the invention is to
provide succinimide compounds which are reaction products
of an acid compound of the following general formula (I) or

(II) and a polyamine, and which give an absorption peak (a



- 12 -

However ,

conbined with the conponent (B) wl uncgﬁ?iAQEWENJ QHFET

even if the conponent (A) 1is added to the dornposition in a

anount of nore than 40 % by weight, the addition of sudhla( §rBEC88RN
t he conponent (A) will not reflect on_tge_increase in ttha intended eff

Conponent (B)

ct.

of

=4

-peak) at 1640 * 10 cm~l and an absorption peak.(B—peak)
at 1700 £ 10 cm~l in the IR spectral pattern with the
ratio of the intensity of the a-peak to that of the B-peak
(intensity of a-peak/intensity of B -peak) of being 0.12 or
nore.

(2]

0
4
R——CH——COOH R—CH—C
(1) I 0 (II)
CH,—COOH Lo —c/
2 \

O

wherein R represents an alkenyl or alkyl group derived from
a C2 to Cl5 olefinic polymer and having a number-average
molecular weight of from 200 to 4000.

The second aspect of the invention is to provide a
method for producing the succinimide compounds,-- which
comprises reacting the acid compound with a polyamine in a
molar ratio, acid compound/polyamine, of 2.0 or more.

The third aspect of the  invention is to provide a
lubricating o0il additive comprising fhe succinimide
compound.

The fourth aspect of the invention is to provide a

lubricating oil composition for diesel engines, which

comprises a base o0il for 1lubricating oil, and -(A) a

metallic detergent-dispersant additives selected from over-



The succi ni m de conmpound is used as the conponent (B). 8&3LAEENE%H’SHEEE<
conpounds nay be added to the conposition. The anount ¢f |the conponent (B
is preferably fromO0.1 to 3 % by weight, nore preferably fPO QEQrﬁg? % by
[ relative to the total weight of ¢the conpositiof. I't nt

v

I §

| ess than 0.1 % by wei ght, the synerglstlc aci d- neut r &l i-ztng—efHeect he

conponent (B) as conbined with the conponent (A) {11 often be
unsati sfactory. However, even if the conponent (B) is added to the

conposi ti olbddedn sulfsia s, Mophendes3 Ynbdy selgbylatbe addi tabkabinsuch a
| arge anount of the component (B) wll

earth metals, and (B) the succinimide compound.

DETAILED DESCRIPTION OF THE INVENTION
Now, the invention is described in detail hereinunder,
referring to preferred modes of carrying out the invention.
In the first aspect of the invention, the acid
compound to be reacted with a polyamine is represented by

the following general formula (I) or (II):

[31]

0
7
R——CH——COOH RTCHC
(1) ' ' O (II)
CH,—COOH Lo ——c/
2 \O

wherein R represents an alkenyl or alkyl group derived from
a C2 to C15 olefinic polymer and having a number-average
molecular weight of from 200 to 4000.

In formulae (I) and (II), R represents an alkenyl or
alkyl group derived from a C2 to C1l5 olefinic polymer and
having a number-average molecular weight of from 200 to

4000, preferably from 500 to 3000, more preferably from 700



not reflect on the increase in the intended effect.

' 3l
base nunber of the conposition, if the nunber is tocWﬁEW&Nﬁgﬂﬁ-

acid-neutralizing effect of the conposition is poor; Qut if too high, |the
conposi tion produces a |arge anount- of_ deposits. Hor] t0h§sBECetggpns,
therefore, it is desirable that the conpositiqn{ is controlled fo
have a total base nunber of from 30 to 150 ng -13 -

to 2300. The preferred alkenyl group is a polyisobutenyl
group.

The acid compound where R 1is an alkenyl group is

_obtained by reacting a polyisobutene or an ethylene-

propylene copolymer with maleic anhydride or maleic acid.
The acid compoﬁnd where R is an alkyl group is obtained by
hydrogenating the alkenyl group of R.

The suécinimide compound of the invention is obtained
by reacting the acid compound with a polyamine in a molar
ratio, acid compound/polyamine, of 2.0 or more, preferably
2.2 or more. Examples of the polyamine include
homodiamines such as ethylehediamine, propylenediamine,
butylenediamine, pentylenediamine; and polyalkylene-
polyamines such as diethylene-triamine, triethylene-
tetramine, tetraethylene-pentamine, pentaethylene-hexamine,
dibut&lene—triamine, tributylene-tetramine, pentapentylene-
hexamine. The succinimide compounds of the invention give
an absorption peak ( a -peak) at 1640 * 10 cm~! and an
absorption.peak ( B -peak) at 1700 %= 10 cmn~l in the IR
spectral pattern, in which the ratio of the intensity of
the « -peak to that of the B -peak (intensity of a -
peak/intensity of B-peak) is 0.12 or more, more preferably
0.15 or more. If the intensity ratio is less than 0.12,
the acid-neutralizing effect of the compounds decreases

unfavorably.



KOH g (as nmeasured according to the perchloric (ﬂ ,LAQEMENiéﬁﬂﬂﬁB. Mor e

preferably, the nunber falls between 40 and 100 jng KOH g. Regardi ng t he
t ot al ni trogen cont ent of the conpositiadn,| i 5 B&ECcigpent |is too

|l ow, the acid- neutralizing effect of the conpositfion is poor; Qutf if too
hi gh, the conposition produces sludge~wBth ease whiTe TT T35 OXdi 2ed and

det eri or at ed. For these reasons, therefore, itils _desjrable thatf the

conposition is controlled to have a total nitrogen content of from1l0 to

200 ppm by wei gl 5%e%%§%§ra8%y £B8”1§8559p%98np95é9¥ Wl red to

herein indicates the height of the peak from which is
subtracted the background.

The third aspect of the invention is to provide a
lubricating oil -additive comprising the succinimide
compound. In general, the amount of the succinimide
compound to be in the additive may be from 0.25 to 40 % by
weight relative to the total weight of the additive, which,
however, shall wvary depending on the type of the
lubricating oil to which the additive is added. -

The fourth aspecf of the invention is to provide a
lubricating o©il composition for diesel engines, which
comprises a base o0il for lubricating oil, and (A) a
metallic detergent-dispersant additives selected from over-
based sulfonates, phenates and salicylates of alkaline
earth metals, and (B) the succinimide compound.

The base o0il to be in the composition may be any of
mineral oils and/or synthetic oils. Those mineral oils and
synthetic oils are not specifically defined; and may be any
ones generally used as base oils in 1lubricating oil for
internal combustion engines. However, preferred are those
having a kinematic viscosity at 100°C of from 8 to 35 mmZ/s,
more preferably from 10 to 25 mmZ/s. If the kinematic
viscosity of the base o0il used is too high, ‘the fuel cost

increases unfavorably. On the contrary, if too low, the



The conposi tion is obtained by adding the conponents ( RE@[(ACEMENTO%Q§

oil. I'n general, in order to inprove the physical propgrtires—ot—tte

| ubricating oil conposition, various addi tives, suc S

anti oxi dants(oxidation inhibitors), viscosity i ndex I mgr egg Bﬁ&ﬁg?
deactivators, pour point depressant§wﬁ anti-wear adgents anti-fodam

additives and extrene pressure additives, may be added {to the conp03|t|or.
Various types of those additives are known, any of whileh—eafr—be—tset-tmn

am ne conpagRFE iR 9 5 IaRie P pnERG BhEhed TeFRHT 3N Tndt ot e

0il consumption increases unfavorably. The pour point of

the Dbase o0il, which indicates its low-temperature
flowability, is not specifically defined, but is preferably
not higher than -10°C.

Known are various mineral oils and synthetic oils
satisfying those requirements, from which may be selected
appropriate ones for use in the invention. For example,
mineral oils include paraffinic mineral oils, naphthenic
mineral oils, and their mixed base oils. As specific
examples for use in the invention, mentioned are solvent-
purified or hydrogenated, 1light neutral oils, medium-
gravity neutral oils, heavy neutral oils, and bright stocks.

Synthetic oils usable in the' invention include, for
example, poly-a-olefins, a-olefin copolymers, polybutenes,
alkylbenzenes, polyol-esters, esters of dibasic acids,
esters of polyalcohols, polyoxyalkylene glycols, esters of
polyoxyalkylene glycols, and polyalkylene glycol ethers.

These base o0ils can be used in the invention either
singly or as combined. As the case may be, mineral oils
and synthetic oils can be combined for use in the inveﬁtion.

The components (A) and (B) to be added to the base oil

are described hereinunder.

Component (A)
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naphthylanines; and phenolic conpounds such as 2, 6-di -

4, 4" - met hyl enebi s- (2, 6-di -t -butyl phenol). I n general
be added to the conposition in - 14 - an anount of
wei ght relative to the total weight qf the conposi

on.

, the a OXJ_ may
rbo :Eﬁ G 99 ,fty

viscosity index inprovers, for exanpl&- Known are po

al kyl nethacryTates,

-

pol yi sobut yl enes, et hyl ene-propyl ene copol yners, styr

The component (A) is a metallic detergent-dispersant
additives to be selected from éver-based sulfonates,
phenates and salicylates of alkaline earth metals.
Preferably, the dispersant has a total base number of from
100 to 600 mg KOH/g (as measured according to the
perchloric acid in JIS K-2501). If its total base number
is too low, the dispersant must be added to the base oil in
large quantities in order to obtain the effect of the
dispersant, which is disadvantageously uneconomical.
However, if too high, the insoluble content of the additive
increases, often resulting in unfavorable separation or
precipitation of the lubricating oil.

The over-based, alkaline earth metal sulfonates are
alkaliné earth metal salts of various sulfonic acids, which
are generally obtained by. carbonating various alkaline
earth metal salts of sulfonic acids. The sulfonic acids
include, for example, aromatic petroleum sulfonic acids,
alkylsulfonic acids, arylsulfonic  acids, and
alkylarylsulfonic acids. As specific examples, mentioned
are dodecylbenzenesulfonic acid,
dilaurylcetylbenzenesulfonic acid, paraffin wax-substituted
benzenesulfonic _ acids, pélyolefin—substituted
benzenesulfonic acids, polyisobutylene-éubstituted

benzenesulfonic acids, and naphthalenesulfonic acid.
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| soprene copol yners, and hydrogenat ed styrene-but adi
general, the viscosity index inprover may be added t
anount of fromO0.5 to 30 %by weight relative to
of the conmposition. As netal deactivators, for exa
benzotriazol es, thiadiazoles, and al&enyl succi nates.
netal deactivator may be added to the conposit
fromO0.005 to 1 %by weight relative to the total weight of the
conposi tion. As TBRUI cRRirFbaséen’ eas@llline feartBxafptel pkeQubesarsgre
pol yal kyl met hacryl ates, and pol yal kyl styrenes. In general, the pour
alkaline earth metal salts of alkylphenols or sulfurized

wej ght

he

alkylphenols, which are generally obtained by carbonating
alkaline earth metal salts of alkylphenols or sulfurized
alkylphenols.

The over-based, alkaline earth metal salicylates are
alkaline earth metal salté of alkylsalicylic acids, which
are generally obtained by alkylating phenols with Cg to Cisg
o -olefins, then introducing thereinto a carboxyl group
through Kolbe—Schmitt'é reaction, double-decomposing them,
and finally carbonating them. Specific examples of the
alkylsalicylic acids include dodecylsalicylic acid,
dodecylmethylsalicylic acid, tetradeéylsalicylic acid,
hexadecylsalicylic acid, octadecylsalicylic acid, and
dioctylsalicylic acid.

The alkaline earth metals for those .sulfonateé,
phenates and salicylates include, for example, calcium,
barium, and magnesium. In view of the effect of the salts,
preferred is calcium.

The component (A) may be one'or more of those salts.
The amount of the component (A) to be in the composition is
preferably from 5 to 40 $ by weight, more preferably from
10 to 30 % by weight, relative to the total weight of the
composition. If its amount is leés than 5 % by weight, the

synergistic,:acid-neutralizing effect of the component (A)



poi nt depressant nmay be added to the conposition in an anmptits I ET_
to 1 %by weight relative to the total weight of the ¢ E&KUH ,J;
anti-wear agents, for exanple, known are organic nolyb un1conpound

such as nol ybdenum dithi ophosphate, _ ybdenum dithi oc aqgge%&

zi nc conpounds such as zinc dithi ophospftate; organic boron S such

as al kyl nercaptyl borates; and al so other anti-wear solid cants such :
as graphite, nolybdenum disul fide, antinony sulfide, bor

pol yt et raf | yar ogiduyiones. wit@enernal , ddiodidnt WeaB)age Sl — often Be—

unsatisfactory. However, even if the component (A) is
added to the composition in an amount of more than 40 % by
weight, the addition of such a 1large amount of the
component (A) will not reflect on the increase in the
intended effect.
Component (B)
The succinimide compound is used as the component (B).
One or more of the compounds may be added to the
composition. The amount of the component (B) is preferably
from 0.1 to 3 % by weight, more preferably from 0.3 to 2 %
"by weight, relative to the total weight of the composition.
If its amount is less than 0.1 % by weight, the synergistic,
acid-neutralizing éffect 0f the component (B) as combined
with the component (A) will often be unsatisfactory.
However, even if the component (B) is added to the
composition in an amount of more than 3 % by weight, the
addition of such a large amount of the component (B) will
not reflect on the increase in the intended effect.
Regarding the total base number of the composition, if
the number is too low, the acid-neutralizing effect of the
composition is poor; but if too high, the compésition
produces a large amount of deposits. For these reasons,
 therefore, it is desirable that the composition is

- controlled to have a total base number of from 30 to 150 mg
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-15- may be added to the conposition in an anmount of
wei ght relative to the total weight of the conpositic
additives, for exanple, known are dinethylpolysilo>
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polyacrylates In general, the anti_-fgam additives
conposition in an amount of from O. OOOEETO 1 % by wei
total weight of the conposition. As extrenme p

exanpl e, known are sul furized oils and fats,
KOH/g (as measured according to the perch

I CQQUI T auur il VCQ,

loric acid in JIS

K-2501). More preferably, the number falls between 40 and

100 mg KOH/g.

Regarding the total nitrogen content of the

composition, if the <content 1is too

neutralizing effect of the composition is

low, the acid-

poor; but if too

high, the composition produces sludge with ease while it is

oxidized and deteriorated. For these re

asons, therefore,

it is desirable that the composition is controlled to have

a total nitrogen content of from 10 to 200 ppm by weight,

more preferably from 20 to 100 ppm by weight.

The composition is obtained by adding the components

(A) and (B) to base o0il. In general, in

order to improve

the physical properties of the lubricating oil composition,

various additives, such as antioxidants (oxidation

inhibitors), viscosity index improvers, metal deactivators,

pour point depressants, anti-wear agents, anti-foam

additives and extreme pressure additives,

the composition. Various types of tho

may be added to

se additives are

known, any of which can be used in the invention with no

limitation. For'example, és antioxidants

, known are amine

compounds such as alkylated diphenylamines, phenyl- a -

naphthylamines; and phenolic compounds such as 2,6-di-t-

‘butylphenol, 4,4'-methylenebis-(2,6-di-t-butylphenol). 1In

general, the antioxidant may be added to the composition in

for
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added to the conposition in an anobunt of fromO0.1 to 15

relative to the total weight of the conposition. Now, th¢ i{nvent
described in nmore detail with reference to the foll owi ng{Eta@phe
however, are not intended to restrict™ tde scope of the ifvéntion.
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total weight of the composition. As viscosity index
improvers, for example) known are polyalkyl methacrylates,
polyisobutylenes, ethylene-propylene copolymers, styrene-
isoprene copolymers, and hydrogenated styrene-butadiene
copolymers. In general, the viscosity index improver may
be added to the composition in an amount of from 0.5 to
30 % by weight relative to the total weight of the
composition. As metal deactivators, for example, known are
benzotriazoles, thiadiazoles, and alkenylsuccinates. In
general, the metal deactivator may be added to the
composition in an amount of from 0.005 to 1 % by weight
relative to the total weight of the composition. As pour
point depressant, for example, known are polyalkyl
methacrylates, and polyalkylstyrenes. In general, the pour
point depressaht may be added to the composition. in an
amount of from 0.01 to 1 % by weight relative to thé total
weight of the composition. As anti-wear agents, for
example, . known are organic molybdenum compounds such as
molybdenum dithiophosphate, molybdenum dithiocarbamate;
organic zinc compounds such as zinc dithiophosphate;
organic boron compounds such as alkylmercaﬁtyl borates; and
also other anti-wear solid lubricants such as graphite,
molybdenuml disulfide, antimony sulfide, boron compounds,

polytetrafluoroethylenes. In general, the anti-wear agents



penfaethylene-hexanine in the ratio shown in Table 1 bel

succi ni m de conpounds. 0.5 % by wei ght of the succinin1d§‘66ﬁn0und a
14.0 % by wei ght of cal cium sul fonate having a total bage %gdgép

measured according to the perchloric acid in JIS K-2501
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% by wei ght of a mineral base oil havi &P a ki nematicfv Mclfv at
100[err]C of 20 merr]/s, to produce |lubricating oil canp03|t|ons for

di esel

engi nes of Exanpl es

}-IJ

may be added to the composition in an amount of from 0.1 to
3 % by weight relative to the total weight of the
composition. As anti-foam additives, for example, known
are dimethylpolysiloxanes and polyacrylates. In general,
the anti-foam additives may be added to the composition in
an amount of from 0.0005 to 1 % by weight relative to the
total weight of the composition. As extreme pressure
additives, for example, known are sulfurized oils and fats,
and diallyl disulfide. In generalf the extreme pressure
additives may be added to the composition in an amount of
from 0.1 to.15 % by weight relative to the total weight of
the composition.

Now, the invention is described in more detail with
reference to the following Examples, which, however, are
not intended to restrict the scope of the invention.
Examples 1 to 3, and Comparative Examples 1 and.2:

Polyisobutenylsuccinic anhydride of which the
polyisobutenyl group has a number-average molecular weight
of 1000, was reacted with tetraethylene-pentamine or
pentaethylene-hexamine in the ratio shown in Table 1 below
to produce succinimide compounds. 0.5 % by weight of the
succiniﬁide compound and 14.0 % by weight of calcium
sulfonate having a total base numbef of'500 (as measured

according to the perchloric acid in JIS K-2501) were added

‘to 85.5 % by weight of a mineral base oil having a



andebnparative Exanpl es. These conpositions were tested-REPLA@EMENHOQHEET
menti oned below to determine their acid- neutralizing speg¢d
g DEC 1997

The data obtained are shown in Table 1. (1) Method for Measyri
Aci d-neutralizing Speed: 100 g of the sanple oil of Exanplie
Conpar ati ve Exanples was put into a 1.l hger, branched, roynd-
and heated up to 200[err]C to which was™added 1 m of 35.9 N sulfuric aC|d
and stirred. Carbon dioxide gas was forned in the flask t
neutralization of the followng (1):

kinematic wiscosity at 100°C of 20 mm2/s, to produce

lubricating oil compositions for diesel engines of Examples
and Comparative Examples. These compositions were tested
in the methods mentioned below to determine their acid-
neutralizing speed and stability. The data obtained are
shown in Table 1.

(1) Method for Measuring Acid-neutralizing Speed:

100 g of the sample o0il of Examples and Comparative
Examples was put into a 1-liter, branched, round-bottom
flask, and heated up to 200°C,to which was added 1 ml of
35.9 N sulfuric acid, and stirred. Carbon dioxide gas was
formed in the flask through the acid ﬁeutralization of the
following (1):

CaCO3 + H2S04 — CaSO4 + H20 + CO21 (1)

From the pressure variation caused by the thus-formed
carbon dioxide gas (the inner pressure increased. in 30
seconds after the addition of sulfuric acid), the acid-
neutralizing speed of the sample was obtained. The sample
giving a larger préssure increase is evaluated to'have a
higher ability of preventing such corrosion and wear.

(2) Stability Test:

The compoéitions of Examples and Comparative Examples

were stored for one month, and their transparency wag

measured. In Table 1 below, "O" indicates that the stored



Cﬁﬁew]+f{aﬂsqew]->aﬁqar]+HMH]O+CMeHa

From the pressure variation caused by the thus-fornmed ca
(the inner pressure increased in 30 seconds after the ad
acid), the acid- neutralizing speed of L{e sanpl e was ob
giving a larger pressure increase is ol dated to have a
preventing such corrosion and wear. (2) Stability Test:
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sanpl e was transparent,
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19 As has been described in detail hereinabove, the lubricati
conposition for diesel engines of the invention, which conpri
succi ni m de conpound, has an extrenely high acid-neutralizing
exhibiting the excellent effect of protecting engine parts frn
corroded and worn by SOx discharged in R8rge quantities. In j
conposition is especially -
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As has been described in detail hereinabove, the

lubricating oil composition for diesel engines

of the

invention, which comprises the novel succinimide compound,

has an extremely high acid-neutralizing speed,

while

exhibiting the excellent effect of protecting engine parts

from being corroded and worn by SOx discharged in large

quantities. In particular, the composition is especially

suitable as the cylinder oil to be in 2-cycle engines for

ships.

While the invention has been described in detail and

with reference to specific embodiments thereof, it will be

apparent to one skilled in the art that various changes and

modifications can be made therein without departing from

the spirit and scope thereof.




suitable as the cylinder oil to be in 2-cycle engines for sh
i nvention has been described in detail and with reference tqg
enbodi ments thereof, it will be apparent to one skilled in t
vari ous changes and nodifications can be nade therein w thot
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WHAT IS CLAIMED IS:

1. Succinimide compounds which are reaction products
of an acid compound of the following general formula (I) or
(II) and a polyamine, and which give an absorption peak (c
-peak) at 1640 * 10 cm~l and an. absorption peak (B -peak)
af 1700 £ 10 cm~l in the IR spectral pattern with the
ratio of the intensity of the a-peak to that of the B-peak

(intensity of a-peak/intensity of B -peak) of being 0.12 or

more.
[1]
0
V4
R——CH——COOH R_CH—C\
(1) I 0 (II)
CH,— COOH L C/
2 \O

wherein R represents an alkenyl or alkyl group derived from
a C2 to Cl5 olefinic polymer and having a number-average
molecular weight of from 200 to 4000. ‘

| 2. Succinimide compounds as claimed in claim 1, of
which the ratio of the intensity of the a-peak to that of

the B -peak (intensity of a -peak/intensity of B -peak) is
S

A

0.15 6r more.

-

heet Has Been Replaced
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WHAT IS CLAIMED I'S: 1. Succinimde conpounds whi ch are real GEMENmt Et,
of an acid conpound of the follow ng general formula (1) orqsll:mm SH

pol yam ne, and which give an absorption peak ([err] -peak) gt 181% ‘ﬁg
cnferr] and an absorption peak ([err]-peak) at 1700 10 cnfgr}]Vi q 1992
spectral pattern with the ratio of the RAtensity of the a-ppak_to that of

the [err]-peak (intensity of a-peak/intensity of [err]-peak) of being 0.15

or nore. [err] wherein R represents an al kenyl or al kyl group—derved—rom

3. A method for producing succinimide compounds of
claim 1 or 2, which comprises reacting the acid compound of
formula (I) or (IT} és claimed in claim 1 with a polyamine
in a molar ratio, acid compound/polyamine, of 2.0 or more.

4. A lubricating oil additive comprising the
succinimide compound of claim 1 or 2.

5. A lubricating oil composition for diesel engines,
which comprises a base o0il for lubricating oil, and (A) a
metallic detergent-dispersant additives selected from over-
based sulfonates, phenates and salicylates of alkaline
earth metals, and (B) the succinimide'compound of claim 1
or 2.

6. The lubricating o0il composition for diesel engines
as claimed in claim 5, in which the component (A) is from 5

. to 40 % by weight and the component (B) is from 0.1 to 3 %

by weight, relative to the total weight of the composition.

—
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a C2 to C15 olefinic polyner and having a nunber-average nol ecul t
of from 200 to 4000. 2. A net hod for producing succinimde co oﬁrﬁd@%&f 1997
claim1l1, which conprises reacting the acid conpound of formulg (Jl)_or (I1)
as claimed in claiml1l with a polymne in a nolar ratio, acid .
conmpound/ pol ym ne of 3.0 or nore. --221-- 3. A lubricatin —additive

conpri si ng ReESUSHcRrFHeDE COMPOUND AND METHOD FOR PRODUCING IT

LQBRICATING OIL COMPOSITION COMPRISING THE COMPOUND.
FOR _DIESEL ENGINES

ABSTRACT OF THE DISCLOSURE

Disclosed are novel succinimide compounds effective in
diesel engine lubricating oil for protecting engine parts
from being corroded or worn by SOx. An acid compound of
formula (I_) or (II) is reacted with a polyamine to produce
the succinimide compounds, which give an absorption peak
(@ -peak) at 1640 = cm~l and an absorption peak ( 8 -peak)
at 1700 = 10 ecm~l in t':h'e__ IR 'spectral pattern with the

. ratio, o -peak intensity/ B -peak intensity, of being 0.12

Or nmore.
(1]
0
7
R—CH——COOH R_CH—C\
(1) | 0 (II)
CH,——COOH - . __C/
2 \O

R is an alkenyl or alkyl group derived from a C2 to Cl35
olefihic polymer. and having a number-average molecular
weight of from 200 to 4000. The succinimide compound is
added to base o0il along with a metallic detergent-
dispersant additives selected from over-based sulfonates,
phenates and salicylates of alkaline earth meta'\l's to give a

lubricating oil cdmposition for diesel engines.



caenmpound of claim1l. 4. A'lubri-cating oil conposition
whi ch conprises a base oil for lubricating oil, and (A)
det er gent - di sper sant addi tives sel ect ed from ovenr-KHased sul fonat s
phenates and salicylates of alkaline earth netals, and (B) thzsngrﬂg®1ie
conmpound of claim 1, wherein the component (A) is from5t Yo
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and the conponent (B) is fromO0.1 to 3% by wei ght, rel atilve—e—tte—tora

wei ght of the conposition and the conqultlon has a total

base nunber of

from30 to 150 ngKCH/g

WHAT IS CLAIMED IS:

1. Succinimide compounds which are reaction products
of an acid compound of the following general formula (I) or
(II) and a polyamine, and which give an absorption peak (e
-peak) at 1640 £ 10 cm~l and .an absorption peak (8 -peak)
at 1700 * 10 cm~! in the IR spectral pattern with the
ratio of the intensity of the a-peak to that of the B -peak

(intensity of a-peak/intensity of B -peak) of being 0.15 or

nore.
(1]
/
R——CH—COOH R—CH""C\
: (I) O (II)
CH,—COOH | S c/
2 \

wherein R represents an alkenyl or alkyl group derived from
a C2 to Cl15 olefinic polymer and having a number-average
molecular weight of from 200 to 4000.
2. A method for producing succinimide compounds of claim
1, which comprises reacting the acid compound of formula (I) or
(IT) as claimed in claim 1 with a polymine in a molar ratio, acid

compound/polymine of 3.0 or more.
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3. A lubricating oil additive comprising the succinimide
compound of claim 1.
4. A lubricating oil composition for diesel engines, which

comprises a base oil for lubricating oil, and (A) a metallic
detergent-dispersant additives selected from over-based
sulfonates, phenates and salicylates of alkaline earth metals,
and (B) the succinimide compound of c¢laim 1, wherein the
component (A) is from 5 to 40% by weight and the component (B)
is from 0.1 to 3% by weight, relative to the total weight of the
composition and the composition has a total base number of from

30 to 150 mgKOH/g.

—

—_—

N



