DESCRI PTI ON SUCCI NI M DE COMPOUND, PROCESS FOR PRODUCI NG THE SANME,

LUBRI CGATI NG O L ADDI TI VE, AND LUBRI CATI NG O L COWCSI TI ON FOR '

| NTERNAL COVBUSTI ON ENG NE TECHNI CAL FI ELD The present invention
relates to succinimde conpounds, a process for producing them and a

| ubricating oil additive containing the conmpound, as well as a l|lubricating

oil conposition containing the conpound for internal conbustion engines.
BACKGROUND ART For the purﬁ@§@R9§T?gﬁnDting the acid-neutralizing
effect of netal-containing, deter gent I spersant in lubricating

oil's, succinigg ﬂQB@HWﬂéfﬁé ong ' t S dgafgled to
S various Iubri%%??ﬁ% orTs. " For exa n?%@&ﬂﬁ%ﬁ%?%ugggPagg nggg to 1§ the use
of succini pjde n i i nd ' ' o]
ubr i cat | nEUBRECRFBRE O arbrtyin ip lmr i G o1 Bou BT TN o
since fuel to be used in engjn for | | ubricated with
cylinder oil has a |arge sﬁm@&ﬁwm gas from suck/engi nes
contains a Ear e anount of SOx (sulfur oxides). SOx react with water in
t he exhausg—égglgﬁé—éﬁggikulfuric acid. The sulfuric acid thus forned in
| arge quantities breaks the oil filmof cylinder oil far shi t hereb

y

. ) S,
corrodi ng and weaFRa@reseniaineerbier nalEtes epgusednimide Compbunds,
1

a process for producing them, and a lubricating oil additive
containing the compound, as well as a lubricating oil
composition containing the compound for internal combustion
engines.
BAQKGBQHND_ABI

For the purpose of promoting the acid-neutralizing
effect of metal-containing, detergent dispersant in
lubricating oils, succinimide compounds are combined with the
agents and added to various lubricating oils. For example,
hereinunder referred to is the use of succinimide compounds
in cylinder o0il for ships, one type of ldbricating'oils for
internal combustion engines. .

In general, since fuel to be used in engines for ships
thatarelubricatedwithcylinderoilhasalargeéulfurcontent,
the exhaust gas from such engines contains a large amount of
SOx (sulfur oxides). SOx react with water in the exhaust gas
to give sulfuric acid. The sulfuric acid thus formed in large
quantities breaks the oil film of cylinder oil for ships,

thereby corroding and wearing the parts constituting engines.



In particular, cylinder liners and piston rings are nuch corroded and worn
by the acid. Therefore, it is extrenely inportant for lubricating oil to
have the ability of resisting such corrosion and wear. Heretofore, a

sui tabl e anbunt of a overbased, netal-containing, detergent dispersant has
- been added to lubricating oil, by which sulfuric acid forned in the oi

is neutralized, resulting in that cylinder liners and piston rings are

ot ect 6, OB AN P Qa0 BporOURNE s 8450 1950010 e 0

| ow- qual ity f aving sul fur "conté ecomne n

h d f duci he .f uel . ; Theref he f th
exhaust §aSOPFBACEnALE Beihd THEETI na BAel Vo 5 1% SR L ahhh of

i 1 ncrease. arge — anou
sulfuric agid a

forped . through .the reaction of. nugh ..SOx with water could

not be neutlF‘BP.iriéH%t ggg&a?ral O{Lﬁg‘{o 'htaﬁg {:ﬂﬁsa-ck?feltﬁsﬁ'%f)ivtmzlé%sja#ﬁn%oes no
nore corrode and mear,enging wgarts, even | f the am n% of the overbased,
met al - cont SFPNGOFTAELEP RN 2per dighel %?@'a(?déél”‘tléé‘ g PREURGLPE cAt i ng
oil is nerely increased. G ven that situation, a conbination of the
net al - cont 8VRFRGSedet Befadr condpdndag sefervendh EstperfiaiperRaftP®eR been
tried, thereby pronoting the acid- neutralizing effect of the
net al - cont 8ddiedgto datsrigafiingiodderBumhiqh spdérris pebddarnad itRdeReliners
and piston rings frombeing corroded and worn. For exanple, Japanese
Pat ent LaPdlQien neutrdiigssl1oodsyl eingsés hakd@nliindegonmeishgandal ci um
salicylate and a bis-type al kenyl succinimde in its

piston rings are protected from being corroded or worn.

However, even in engines fqr 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 tends to increase. Such a large
- amount of sulfuric acid as formed.through the reaction of much
SOx with water could not 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 overbased, metal-containing,
detergent dispersant to be added to engine lubricating o0il is
merely increased. Given that situation, a combination of the
metal-containing, detergent dispersant and an ashless
dispersant has been tried, thereby promoting the acid-
neutralizing effect of the metal-containing, detergent
dispersant in order to protect cylinder liners and piéton rings
from being corroded and worn. For example, Japanese Patent
Laid-Open No. 271885/1994 discloses an additive comprising

calcium salicylate and a bis-type alkenylsuccinimide in its



2 Exanmpl e, in which, however, the al kenyl succi ni m de used
requires the addition of an am ne-nol ybdenum conpl ex thereto in order to
attain the intended object. Therefore, the devel opnent of succinim de
conpounds of a novel type is desired. On the other hand, it is
known that the degree of acid neutralization in engines has sone relation
to the corrosion and wear of cylinder liners and piston rings. Therefore,
the degre

of acid neutralization jn |ulrjcati hl ‘| i al
conbustionﬁﬁﬁﬂpigs shal "%, ”ca%%a?kgrabﬁﬁ#%yEngP&gSu#%%ﬁ%@%?ﬁngagéﬁ to
protect cylinder lipers d piston rings._ fro ing corr n
DI SCLOSUREFBRYFEES) Eﬁﬁr\ﬁ‘i%\fifon ot anrg 18%5‘8?%’% ﬁ\l?gﬁ“t ,88138%% gﬁ%ﬁ‘x‘@néde in
consideration of the above-nentjoned vie int, and i obj.ect is,.to
provi de stBciMidRdetCoRhfids %#ealmd%p&j%cgroc@fré rﬁr’od)ﬁ%?ng
them and-a lubricating oil additive containing the conpound, A and to
provi de a PEBELERIERY RT SHRFIBLPLIER (PP Ph & nteVYRal tY®ShEsti on
engi nes that discharge nmuch SOx. Specifically, the |ubricating oi

conposi ti ofepdrednt ernal conbustion engi nes of the invention exhibits good

corrosion resistance and wear resistance when used in such internal
combust i on engi ne@nt ke afihahdegsl,mithisdrmown that Yhe idegreseeitt ead y

noted the degree of acid
neutralization in engines has some relation to the corrosion

and wear of cylinder liners and piston rings. Therefore, the
degree of acid neutralization in lubricating o0il used in
internal combustion engines shall indicate the ability of the
lubricating oil to protect cylinder liners and piston rings
from being corroded and worn..
DISCI, E

The present invention has been made in consideration
.of the above-mentioned viewpoint, and its object is to provide
succinimide compounds of a novel type, a process for producing
them, and a lubricating oil additive containing the compound,
and to provide a lubricating oil composition to be used in
internal combustion engines ‘that discharge much SOx.
Specifically, the lubricating oil compbsition for internal
combustion engines of the invention exhibits good corrosion
resistance and wear resistance when used in such internal
combustion engines that discharge much'SOx.

Having specificaily noted the degree of acid

neutralization in lubricating oil for engines, we, the present



neutralization in lubricating oil for engines, we, the present

3 ) i nventors have assiduously studied and, as a result, have
fqQund succinim de conmpounds of a novel type. On the basis of this
finding, we have conpleted the present invention. Specifically, the

first aspect of the invention includes succinimde conpounds obtained by
reacting a polyam ne having a carbon/nitrogen weight ratio of from 0. 85

to 1.25 with i ni i d . F ol od 085

m (1) i ni8vamters i Te 35 B St Bands 204 Ro58FEriRlvs oG 2 (1)
in R t, -al kenyl | kyl der. f _ .
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nol ecul ar weight of from 200 to 4, 000Q; and a process .f.or producing them
The second & rof'e; Bavienromplsteds The RRSSERY i VEti%rdi ti ve t hat
“contains the succininde conpound. ) The third aspect of the invention
is a lubricating OPECLIERRRALYYI obR® orfikRter RAPES DGt | gﬁeenb?ﬁﬁgFlﬁﬂi ch

conprises a lube base oil, and (a) at |east one conpound sel ected from
includes succinimide compounds obtained by reacting a

polyamine having a carbon/nitrogen Weight ratio of from 0.85
to 1.25 with a succinic acid compound of the following general
formula (I) or (II) in a molar ratio to the polyamine of up

to 1.40:

R——CH——COOH R""CH—C\
(@D 0 (II)
CH,—COOH L ———c/

wherein R represents an alkenyl or alkyl group derived from
an olefinic polymer having a carbon number of from 2.-to 15 and
having a number-average molecular weight of from 200 to 4,000;
and a process for producing them.

The second aspect of the invention is a lubricating oil
additive that contains the succinimide compound.

The third as.pect of the invention is a lubricating oil
composition for internal combustion engines, which comprises
a lube base 0il, and (a) at least one compound selected from
the group consisting of overbased sulfenates, phenates and

salicylateswithalkaline earthmetals, and (b) the succinimide



t he group consisting of overbased sul fonates, phenates and salicylates
with al kaline earth netals, and (b) the succinimde

4. : conpound, and which has a total base nunber of from 30 to 150
ng- KOH g. BEST MODES OF CARRYI NG OUT THE | NVENTI ON Enmbodi nent s of
the invention are described herei nunder. In the first aspect of the

i nventi on, the polyamne to be reacted with a succinic acid conpound has a
carbon/nitrg [ 18 [ I NS0 k8risyanpl e,
dlethylenetrl %PH@E(%HQAyﬁ{&$ﬁ%%ene gg%%nga%g %%%éegt%f e polyam ne may
be conblneg Wk? ropylenedlanlne (1.29), trlethylenetetranine (1.29) to
suchadegre ﬁe resultlng m xture can have the defined

carbon/nitr, a- carbon/ nitrogen wei ght
rati o of sriat ; ‘ 854 TTIT T 8 their reaction products
do not inprove t he r te of a neutrali.zation;, and e havin

car bon/ ni trogen WeRBAEIRERES ocffgil%’lrlé’éﬁenttﬁé’r? 3r ?§e§rcél?tﬂe§f) eﬁ?ﬁ‘%’&%ﬁﬁﬁr e
since their reaction products could have little aggllty of acid
neutralization. In thef{rsh espect qti Hh%dib‘fﬁﬂﬁilq ¢ BRIYERLREL ROt he

polyam ne is represented by the follow ng general fornmula (1) ,or (I1):
[err] be reacted with a succinic acid compound has a carbon/nitrogen

weight ratio of from 0.85 to 1.25, including, for example,
diethylenetriamine (1.14), ethylenediamine (0.86), etc. The
polyamine may be combined with propylenediamine (1.29),
triethylenetetramine (1.29) to such a degree that the resulting
mixture can have the defined carbon/nitrogen weight ratio.
Polyamines having a carbon/nitrogen weight ratio of smaller
than 0.85 are unfavorable since their reaction products do not
improve the rate of acid neutralization; and those having a
carbon/nitrogen weight ratio of larger than 1.25 are also
unfavorable since their reaction products could have little
capability of acid neutralization.

The succinic acid compound to be reacted with the

polyvamine is represented by the following general formula (I)

or (II):
0
V4
R——CH——COOH R—CH—C
¢y | 0 (ID
CH,—COOH /

CH,—C
\o



5 wherein R represents an al kenyl or al kyl group derived from
an ol efinic polynmer having a carbon nunber of from2 to 15 and having a
nunber - aver age nol ecul ar wei ght of from 200 to 4, 000. In fornul ae
(1) and (11), R represents an al kenyl or alkyl group derived from an

ol efinic polyner having a carbon nunber of from2 to 15 and having a
nunber - aver age nol ecul ar weight of from200 to 4,000, preferably from 500

to 3, 000, Wﬁfégfr?yiﬁr &f %g?'e ehtg §391k8n§’1389- 21108 g%‘ﬁf;ﬁég&gi%gegﬁmgr.oup

is a polybut group or an e ene- propyl ene”co resi due

The aci d cqonpound. where | s an _al kenyl |.S. 0bt & Y. reactjpng a
pol ybut ene %oy Ogﬁgé{lh%%%ﬁ!‘ﬂ%%‘ﬁ‘@r? : 80%%%%&111“%?% o?:a?glgrél gn oygr%i %illéaor
mal ei ¢ aci d._The aci d.conpound where -R.is an, al kyl_. group,ls . obfajned by
yelr ogenat Y ies SRR SR sy Bpctla? Widnt s Banthdg (0 RS
polyam ne is reacted _with_ the ucci.ni cid conpound_in_ a ar ratioto
t he pol yam ne of IﬁtfﬂE@Pl§?4®??a?n§0@§Ig'Zgof%ggfﬁ??B? ?ntg?%eﬂg r8T and
thereafter _the non-reacted polyam ne is evaporated away uynder reduced
pressure. XVlhgrRBPafeFaVPE T5OR AL aTidH G Pg. YT hgving a carbon

number of from 2 to 15 and having a number-average molecular
weight of from 200 to 4,000, preferably from 500 to 3,000, more
preferably from 700 to 2,300. The preferred alkenyl group is
a polybutenyl group or an ethylene-propylene copolymer
residue.

The acid compound where R is an alkenyl group is obtained
by reacting a polybutene 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.

In the invention, the polyamine is reacted with the
succinic acid compound in a molar ratio to the polyamine of
at most 1.40, at 100 to 250°C for 2 to 8 hours, and thereafter
the non-reacted polyamine is evaporated away under reduced
pressure. If the molar ratio is larger than 1.40, it is
unfavorable since the reaction products do not improve the rate
of acid neutralization. Preferably, the molar ratio falls
between 0.95 and 1.40. Even if the molar ratio is smaller than

0.95, it will have no negative influence on the reaction



unfavorabl e since the reaction products do not inprove the rate of acid
neutralization. Preferably, the nolar ratio falls between 0.95 and 1. 40.

Even if the nolar ratio is smaller than 0.95, it will have no negative
i nfl uence on the reaction 6

products for their capability of acid neutralization, but will be
uneconom cal as the non-reacted polyamne will increase. It is

presumed tggbdh%%srféfteh g}?&%ﬁg@ii%t USE L Ri B A8, £ FOIPOMPASH At 81 novel

type of m xtures conpose ype conpounds, nono-type conpounds and

The | ubr | cBE HRSSETORIArs o5 arermeboBkRRGelcRolaR AL, JIF PACHERse.

The | ubricating o ve O € secon e 1 nventron
contains fromO0.25_to 80 %b | ght, ,of .t he nove t SUGCLNi
conmpound. The othiF %%ﬁﬁﬁﬁ%ﬂ%%yghg JH&Eéeﬂﬁqﬂ%%brﬁﬁégﬁﬁcagﬁﬁéiﬁ}ﬁﬁd%nd
other additives that will be nentiqned hereunder. The |ubricating.oil
addi tive of°PROUDGS &HS Gf i3 nR&d %smfn %’ém‘]&%‘“a%? erYBATS s?)tplghﬁt for
| ubricating oils such as cylinder oil for ships, 4-c¢ycle diesel engine
oil, gasoli ﬁ(@_een@?%mé’flé,s' etigono-type cogpoupdsy ag ecqt%'{'ﬁr t %é’pleﬁ’veafi onis
a lubricating oil _conposition for internal conbustion engi nes, which
conpri ses CRTPENEdSaIBdGing fxen Hhreaf qadasiesot S&@pcﬁﬁﬂﬁg ected from

the group consisting of overbased sul fonates, phenates and _ sali c¥'l ates of
al kal'i ne earth neTheslubrgcebingheisueddifivgeot the second aspect of

the invention contains from 0.25 to 80 $ by weight of the novel
type sucéinimide compound. The other components include a
diluent (lubricating oil) and other additives that will be
mentioned hereunder. The lubricating oil additive of the
invention is used as an ashless detergent dispersant for
lubricating oils such as cylinder oil for ships, 4-cycle diesel
engine o0il, gasoline engine o0il, etc.

The third aspect of the invention is a lubricating oil
composition for internal combustion engines, which comprises
a lube base 0il, and (a) at least one compound selected from
the group consisting of overbased sulfonates, phenates and
salicylates of alkaline earth metals, and- (b) the succinimide
compound mentioned above.

The 1lube base o0il to be in the 1lubricating oil
composition of the invention 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 0oils in lubricating oil for internal combustion engines.



conpound nenti oned above. : The | ube base oil to be in the
lubricating oil conposition of the invention may be any of mneral oils
and/ or ‘synthetic oils. Those mneral oils and synthetic oils are not
specifically defined, and may be any ones generally used as base oils in
| ubricating oil for internal conbustion engines.

7 However, preferred are those having a kinematic viscosity at

e 1 e Bouel R, SpkrdR Nl SEL] (3560 M fHPLRIANAY iU 071861023

mierr]/sec. e KIrnematrc vi scosi ase oil 'use S 00 hi gh
the fuel c %toincre ses nfavqgab
38i

On the contrar if_too.lo Ee
| ubricatin € efapbrht Bste ot MEH, S G HTS It)éf?z}ty M0 ané npti on
i ncreases unEavorabI¥. The pour point, of the base_ oil, which indicates its
| ow- t enper BGY &eCk| ul i Ehe kinematip e $¢si Y JefiredassuPlilsUgRret &Fabl y
not hi gher than -10gerr C. ) Known arf vario#§ nineEﬁ% oi |l 's and
synthetic &PPHLEM FELVURL ERBEdNCEEFHSSEME AVOFARNY nhi ChthE P BE T8 Yact ed
appropri ate ones for use in the invention. For exanple, mneral oils
i ncl ude paidfEPRiloWr FBealubricatingRideAVePOrRrR8FIOOMUShanBeF L BFRBdi at e
base mneral oils. Specific exanples of such mneral oils for use in the
i nventi on aRethpghtheneil regnymeticndingherass anfgviorakdeayy ThReuPPRE oil s,
bright stocks and others having been purified through treatnent with
sol vent s opotintowgh thedkegenatiilon.which indicates its low-temperature
fluidity, 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 intermediate base mineral oils. Specific
examples of suchmineral oils for use in the invention are 1light
neutral oils, medium neutral oils, heavy neutral oils, bright
stocks and others having been purified through treatment with
solvents or through hydrogenation.

Synthetic o0ils usable in the invention include, for
example, poly-a-olefins, a-olefin copolymers, polybutenes,
alkylbenzenes, polyol-esters, esters of dibasic acids,

polyoxvalkylene glycols, polyoxyalkylene glycol esters,

polyoxvalkylene glycol ethers, etc.



Synthetic oils usable in the invention include, for exanple,
poly-a-olefins, a-olefin copolyners, polybutenes, alkylbenzenes,

pol yol -esters, esters of dibasic acids, polyoxyal kylene glycols,

pol yoxyal kyl ene gl ycol esters, polyoxyal kyl ene glycol ethers; etc.

8 These base oils can be used in the invention either
singly or as conbined. As the case may be, mneral oils and synthetic oils

can be conbi ned f@ﬁ?ﬁgephggt glgn%%%Pﬁgmuifd in tﬂ@eiﬁQQﬁefﬁﬁﬁéiégbrand

(b) to be added to ase are descri bed herernun nponent

a .The ¢ nen i,ncl cQ u | ect from.the rou
go%sistings&Pg e%%gggdcéﬂﬁiﬁﬁgfeggggﬁgﬁégg%a%%3'%%5Iﬁé@gg %sg%ﬁ?hag kaIPne
earth netals. Preferahly, it has a.t.otal base nunber . (TBN). of from 100 to
500 - KOHAY RS e ad e i A5 AP IR by Bt P SHEMERT | 1 91 S
K- 2501). If its total base nupher is too |ow, the co nent _nmust be
added to) the | ubeTBEsEOTRPRERES a{gaeaaﬁ]ar(]]?? 'ttr%g’% ﬁdgﬁﬁle?g}t)@‘e gH?@r gaF?s
ef fect, which, however, is uneconomcal. If too high, it is unfavorable

since the 2 &% SRSFNak RAAKIBMISTy oil will increase thereby often
formng a | arge anount of deposits in the oil used |ong.
Component (a)

The component (a) includes compounds selected from the
group consisting of overbased sulfonates, phenates and
salicylates with alkaline earth metals. Preferably, it has
a total base number (TBN) of from 100 to 600 mg-KOH/g (as
measured according to the perchloric acid method in JIS K-
2501). 1If its total base number is too low, the component must
be added to the lube base 0il in large quantities in order to
ensure its effect, which, however, is uneconomical. If too
high, it is unfavorable since the ash content of the lubricating
0il will increase thereby often forming a large amount of
deposits in the oil used long.

The overbased, 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



The overbased, alkaline earth netal sulfonates are alkaline earth netal
salts of various sulfonic acids, which are generally obtained by
carbonating various alkaline earth netal salts of sulfonic acids. The
sul fonic acids include, for exanple, aromatic petrol eum sul fonic acids,
al kyl sul fonic acids, arylsulfonic acids, and al kyl aryl sul fonic acids. As
speci fic exanples, nentioned are dodecyl benzenesul foni ¢ aci d,

dilaurylcekgkggﬁégﬁgg§ f.ani c acidacggggffin maxég%&ﬁ%%fg§§gubs ituted

9 | 'foni c acr ts, _ in-substituted
aci ds.  napRERSFBSERITPOC: aci A POTR Ao REFRES Y ar
o al Kyl S BETEERSREOE LRy SRR SBAG A5 Ve Sonat i ng
The over based. Al RaPi i ehatedhet #ikadiney| Sretiatteta) | RhERe et aP8al t s
of al kylsalicylic acids, which are. generally obtained by al kylatin
phenol s wi BRkaldnefi neatdih ng metahr bofidhifber Odf fr%%ﬁ¥ihQ?QQﬁsthear
introducing thereinto a carboxyl group through Kol be-Schmtt's reaction,
doubl e- dedéyaediliddombencdisd fiwigly carBondensgadidm obfsdred ¢ by
exanpl es of the alkylsalicylic acids include dodecylsalicylic acid,
dodecyl net kpirbaniagyinigc addiad ineteanideynebpl cphilésasifd,alkylphenols or
alkylsulfidophenols.

The overbased, alkaline earth metal salicylates are
alkaline metal salts of alkylsalicylic acids, which are
generally_obtained by alkylating phenols with a-olefins having
a carbon number of from 8 to 18,.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, tetradecylsalicylic acid,
hexadecylsalicylic acid, octadecylsalicylic acid,
dioctylsalicylic acid, etc.

The alkaline earth metals for those sulfonates,

'phenatesandsalicylatesinclude,forexample,calcium,bariﬁm,
and magnesium. In view of the effect of the salts, preferred
is calcium. |

In the invention, 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

10



hexadecyl sal i cylic aci d, octadecyl salicylic ~ acid,

dioctylsalicylic acid, etc. The al kaline earth netals for those

sul fonates, phenates and salicylates include, for exanple, calcium
barium and magnesium In view of the effect of the salts, preferred is
cal cium In the invention, the conponent (a) nmay be one or nore of
those salts. The anmpbunt of the conponent (a) to be in the conpositionis

preferably ggg}%&&l}oég%{@% t%eggg‘%]ibﬁg%'égghgnb?ﬁed on the total weight 10

pref erabl y*Trom y wel as e tot weight o
conposition.. ., f its ampunt is |l er 1.5, Ybyvel I stic,
aci d- neut r8lfi %%SOQP?E‘EE%FW h%f g%r?p %1%1?@? g)sm%isl\,%org}g%ﬁesd%%?ﬁvzé{?ﬁrég’
conponent ) wll be unsatisfactory. ..However,. even if the co nent (a)
R0 R e e ARk £ AR X A
the addition of _such a . lar anmount of .the com nt (a) willL not reflect
on the i né?e&@é’bilﬁefihé’litgt g:ﬁ’(?edloé‘fgoé{ﬁn.t nﬁgrpllg]zsb? béngatls%acﬁ?ﬂé%
succi ni m de conpound nentioned above is used as_the conponent b%. One or
nore of th3088ﬂﬁéun%§eﬂdvfﬁ@edaﬂﬁﬂo?%nttﬁﬁ-&§n%%§?@ﬂ6hth?h%°%ﬂ%%% 1SR the
conponent (b) is preferabl from0.1to 3 %by we nore preferably

i ght
from 0.3 t @0n2amk BROURS| gﬁti/@ag@a shanhdOt &ty Weight, obhenaddshberi®fon. |f

its amount is smaller than 0.1 % by weight, the synergistic,
such a large amount of the component (a) will not reflect on

the increase in the intended effect.
Component (b}

The succinimide compound mentioned above 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 based on the total weight of the composition. If its
amount is smaller than 0.1 % by weight, the synergistic,
acid-neutralizing effect of the component (b) as combined with
the component (a) will be unsatisfactory. However, even if
the component (b) is added to the composition in an amount of
larger 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 of
the invention, if it is too low, the acid-neutralizing effect
of the composition is poor; but if too high, the composition

produces a large amount of deposits. For these reasons,
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acid-neutralizing effect of the conponent (b) as conbined with the
conponent (a) will be unsatisfactory. However, even if the conponent (b)
is added to the conposition in an anmount of |larger than 3 % by weight, the
addition of such a |arge anmount of the conmponent (b) will not reflect on
the increase in the intended effect. Regardi ng the total base
nunber of the conposition of the invention, if it is too |low, the

aci d- neutral.i.zi ffect.: f L ptd i [ : o i , the
compon: &1 onhebeddrey  FElys BeciBeridTeaaL L0 dchpliniditis CohRo11aA
t herefore,

it.i.s desirahbl.e,that ROSA 1 | i [ haye a
t ot al basetﬁuﬁ]‘s?a’F f tTO?C nl1 ?(?%taeo %@)e%%sfv%drf%d strr(%gi;%(? grg& alg%%}r((gi r§§¥t o the
perchloric_acid nethod in.JlS K- -2501). re preferabl he nunber falls
bet ween 40™&AGUES %ﬁiﬂﬁé%ﬁi to the péﬁ?dﬁhﬁ%é%ﬁ?%] mﬁeh%%nﬁ%s#fgo% f or
internal c tion engines of the third. aspect .of the invention j
obt ai ned bg%ﬁdi MO AP LohpbrRhYs 1S f&H‘&P?‘E) AJRubetResd 0 apd %gﬂeral ,
in order to inprove the physical properties of the lubricating oi
conposi t i oRI~ERE/ Gus additives, such as antioxidants, viscosity index
i nprovers, netal deactivators, pour point  depressant, anti-wear agents,
def oami ng agent s B8 lavardgeat ing ek ¢ompasdidon ey ipdesadddcemPypklion
conposition. Various types of those additives are known, ané of which can
be used i AngABesnednthentiied ASPRFE P&t £bA. inventiopsignebbaiBadtBY known

are am ne conpounds such as _
adding the components (a) and (b) to lube base 0il. 1In general,

in order to improve the physical properties of the lubricating
0oil composition, various additives, such as antioxidants,
viscosity index improvers, metal deactivators, pour point
depressant, anti—weaf agents, defoaming agents and extreme
pressure agents, 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.

As antioxidants, known are amine compounds such as
alkylated diphenylamines, phenyl-ad-naphthylamines, etc.:
phenolic compounds such as 2,6-di-t-butylphenocl, 4,4'-
methylenebis~- (2, 6~di-t-butylphenol), etc. In general, the
antioxidant may be added to the composition in -an amount of
from 0.05 to 2 % by weight based on the total weight of the
composition.

As viscosity index improvers, for example, kﬁown are
polymethyl methacrylates, polyisobutylenes, ethylene-

propylene copolymers, styrene-isoprene copolymers,

12



al kyl at ed di phenyl am nes, phenyl-[err]-naphthylam nes, etc.; phenolic
conpounds such as 2, 6-di-t-butyl phenol, 4,4'- _

met hyl enebi s- (2, 6-di -t-butyl phenol), etc. In general, the antioxidant nay
be added to the conposition in an anount of from0.05 to 2 % by wei ght
based on the total weight of the conposition. As viscosity index

| nprovers, for exanple, known are polynethyl nethacryl ates,

pol yi sobut %b%@%%’enat%tdh¥lc§98f1e—8{198&!i.gﬂg coa%fﬁ%ﬁ@?rescc. h)}a: %éﬁ'@f?isom ene

copol ymers; genat ed
styrene-butadi ene copol yoners, etc. ln general, 2@ i Sj |
i over e dSGaRa Y, e CIBERYET RV i 2edsib st BB EMERbBIENen 50 o
by wei ght based on the total i.ght b ;§¥conp i tion. €s ta
deact i vat or&, aflo?m‘éB%%ﬁp?gfmm 581?:8 3 e%‘n rvfea]z‘ﬂTs%é’,aset%Pngg?o %ng and
al kenyl succi nat es. [ n %Fneralh the netal deactivator may be added to the
conposi t i oe1gRtaRfakden CORPOSISHOR 005 to 1 % by wei ght based on the total
wei ght of the coqgosition. As pour point depressant, for exanple,
known are pol yalR§| RetBicr feacddvadedspol Oky I SH3fRRys. ¥ROPWRNeREE, the
pour point depressant may be added to the conposition in an anmount_of from
0.01 to 1 bepgoldiigiolisgsedtbhadhezobeal \asIghalkenyLlFECE4RBESPLI onll
As anti-wear agents, for exanple, known are o
_ general, the metal deactivator may be added to the composition
in an amount of from 0.005 to 1 $ by weight based on the total
weight of the composition.

As pour point depressant, for example, known are
polyalkyl methacrylates, and polyalkylstyrenes. In general,
the pour point depressant may be added to the composition in
an amount of from 0.01 to 1 $ by weight based on the total weight
of the composition.

As anti-wear agents, for example, known are
organomolybdenum compounds such as MoDTP (molybdenum
dithiophosphate), MoDTC (molybdenum dithiocarbamate), etc.;
organozinc compounds such as ZnDTP (zinc dithiophosphate),
etc.; organoboron compounds such as alkylmercaptyl borates,
etc.; and also other ahti—wear agents of solid lubricants such
as graphite, molybdenum disulfide, antimony sulfide, boron
compounds, polytetrafluoroethylenes, etc. In general, the
anti-wear agent may be added to the composition in an amount

of from 0.1 to 3 % by weight based on the total weight of the

composition.
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or ganonol ybdenum conpounds such as MDTP (nol ybdenum dit hi ophosphate),
MoDTC, ( mol ybdenum di t hi ocarbamate), etc.; organozi nc conpounds such as
ZnDTP (zinc dithiophosphate), etc.; organoboron conpounds such as

al kyl nercaptyl borates, etc.; and also other anti-wear agents of solid

| ubricants such as graphite, nolybdenum disulfide, antinony sulfide, boron
conpounds, polytetrafl uoroethylenes, etc. In general, the anti-wear agent

may be added to t Smgggﬁ?%@gﬁﬁkgQ%QHtQVpu%br(ﬁe£5ﬁ519i1 5@ 3’0 byryei ght

based on the tota onposi ti on.

13 . .def oanmi_n exanp| ]ﬁﬂpwn re
dinethylpoPﬁgFF8¥&R8?§E&§°5@$G%%%VF%?§§i§a?ﬁyg§%8Fél,q?hgﬂﬁg% odhi%%éagent
may be added to the co sition in an.anoynt of fram.0. 0005 _to % by

Wl ght basGR6RTAG AGEAR TaVghe B195% i ddie, sormes Lion IR ahCadorh Y
pressure agents, foqr _ex | e own_ar ul fidized oil s, and fat and
diallyl di 3% £ram rﬁsagg%l,%( Shé“ee‘;&ef%feﬁi’éasﬁdg&éh élealjSﬁFrin’d?ngtaaged to
the conposition in an anmount of fromO.1 to 15 % by wei ght based on the
total weigfthe OMPRSitdPPosition. [ Exanpl es] The invention is
described in nore detail with reference to the foll ow ng Exanpl es, which
however, are not PAt EXFEEMe; PHIEFULLtagPREScopO o ¥R LSy JRGHH. 2Te

sulfidized oils and fats, and diallyl disulfide. In general,

the extreme pressure agent may be added fo the composition in
an amount of from 0.1 to 15.% by weight based on the total weight
of the composition.

[Examples]

The invention is described inmore detail with reference
to the following Examples, which, however, are not intended
to restrict the scope of the invention.

[Example 1]

Polybutenylsuccinic anhydride of which the polybutenyl
group had a number—average molecular weight of 1000 was reacted
with diethylenetriamine (having a C/N weight ratio of 1.14)
in a molar ratio of 1/1, at 100°C for 1 hour and then af 150°C
for 4 hours. The non-reacted compounds were removed through
distillation under reduced pressure, and a succinimide
compound was ob.tained. As base o0il, herein used was a
paraffinic mineral 0il (having a kinematic viscosity at 100°C
of 20 mm?/sec). To the base oil, added were 0.5 % by weight

of the succinimide compound and 14.0 % by weight of overbased
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[ Exanpl e 1] Pol ybut enyl succi ni ¢ anhydri de of which the pol ybutenyl
group had a nunber-average nol ecul ar wei ght of 1000 was reacted wth

di et hyl enetriam ne (having a & N weight ratio of 1.14) in a nolar ratio of
1/1, at 100[err]C for 1 hour and then at 150[err]C for 4 hours. The
non-react ed conpounds were renoved through distillation under reduced
pressure, and a succinimde conpound was obtai ned. As base oil, herein

used was a ar.af f i.nd ] Qi i i t hS i

Tooferr) c caneaom b} fals feRRviRly o LRk b L BLARREG £ biincdsttead

t he succini_m de co und,and 14 %. b ight . of .oyer e

14 2BSE R T S BRACRIRRIENG R BEEPOfatE AanbRr23P 570 hEs
measured according.to the perchlori S a(i‘ig net hod_in J_ILSEK-. 252 - thﬁ same
Shal | appl $5P6 RBFddnaBPLY 6opREparadgTy | bPi BEFPAGSoR 1URBSRSIRPoR: Ravi ng
a total base numher, of 71.4 - KOH/ The conposjtj.on was_tested rits:
capabi | i t y COMPLSAF 1oReheVangz t‘?%?]gp?&sﬁ QBFLPg?yogcéUr"df“ﬁngg/tghe Bhods
mentioned bel ow. The data obtained are given in Table 1. (1) Met hqd for
eval uat i'ng CoOMRESitdeani IWay bestadi d Tqfeut +6Fi 2&BPERILILY "of 108Cidof the
| ubricating oil conposition to be tested was put into a 1-liter, branched,
r ound- bot t BeUtiradi zadi@n headed stipbidiyo[ ecepeding whPchthas BabBAdS ni of

35.9 N sulfuric acid, and stirred. Carbon dioxide gas was forned in the

fl ask _ mentioned below. The data obtained are given in Table 1.
(1) Method for evaluating the capability of acid
neutralization:

100 g of the lubricating 0il composition to be tested
was put into a 1l-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
thrbugh acid neutralization of the following reaction formula
(1) :

CaCO3 + H2S04 — CaSO4 + H20 + C02T (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 capability of acid
neutralization of the sample tested was obtained. The sample
giving a larger pressure increase is evaluated to have a higher
corrosion, wear-resisting ability.

(2) Stability Test:
The lubricating oil composition to be tested was stored

for 10 months at room temperature, and its stability was
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t hrough acid neutralization of the follow ng reaction fornula (1):
CaCJerr] + Herr]SOerr] -> CaSOerr] + Herr]O + COerr][err]

(1) , Fromthe pressure variation caused by the thus-formed carbon
di oxi de gas (the inner pressure increased in 30 seconds after the addition
of sulfuric acid), the capability of acid neutralization of the sanple
tested was obtained. The sanple giving a |larger pressure increase is

eval uat ed %gggﬁigdﬁ h&ﬁhiéglgoﬁrgﬁwg% ‘“ﬁﬂ“ﬂﬁﬁﬂéﬁéﬁgﬂﬁﬁgéjépé sté&ted

Stability ubricating ol |l "¢conposi e tested was

stored for _10.nmonths at roomt. erature,and it A

15 sample davedio RLTorh paFGw, X (}ncliln%all%ﬁa?sh atthié{%1 %’f‘%%og?%r ed
sanpl e gave no_precipitate, and.," X, indicates that the stored sanple gave
some preciﬁ?@gﬁ§.gaW%xéﬂﬁeepfFClpltate'A | ubricating oil conposition was
prepared in_the sa manner as in Exanple 1, except that 7.0 % by wei ght
of overbasé@xa@Qﬁ@r§ﬁ1sulfonate (having a total base nunber of 510

ng- KOH g) and 14.3 % by wej ght of overbased cal ci um phenate ggavin a
total base nunberAofuRNSCaHlOdY) CREPESEEABINER]S ik dd tpgesame

met al - cont ai ni ng, detergent_di spersant of the conponent é%). Its physical
propert i esPaBpereysligEsampind t AECaRELhatbt alrebydreighty Qﬁeq%%$%gl.

calcium sulfonate (having a total base number of 510 mg—KOH/g)

and 14.3 % by weight of overbased calcium phenate (having a
" total base number of 250 mg-KOH/g) were combined and used as

the metal-containing, detergent dispersant of the component

(a). Its physical properties were evaluated, and the data

obtained are given in Table 1.

[Example 3]

A lubricating oil composition was prepared in the same
manner as in Example 1, except that a polyamine (having a C/N
weight ratio of 1.22) composed of 50 mol% of diethylenetriamine
and 50 mol% of triethylenetetramine was used in preparing the
succinimide compound for thé component (b). Its physical
properties were evaluated, and the data obtained are given in
Table 1.

[Example 4]

A lubricating oil composition.was prepared in the same
manner as in Example 1, except that ethylenediamine (having
a C/N weight ratio of 0.86) was used as the polyamine in

preparing the succinimide compound for the component (b). Its
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[ Exanpl e 3] A lubricating oil conposition was prepared in the sane
manner as in Exanple 1, except that a polyamne (having a CN weight ratio
of 1.22) conposed of 50nol % of diethylenetriam ne and 50 nol % of
triethylenetetram ne was used in preparing the succinimde conmpound for

t he conponent (b). |Its physical properties were evaluated, and the data
obtained are given in Table 1. [Exanple 4] A lubricating oil
conposi tion,was prepar LE [ : e t hat

ct iyl enci AR tanrREer K epnorlf o RS oA’ Ba Y BotaifEeChte

pol yam ne in repar] t he succi ni m de conmpound for the conponent (b). Its
16 glveg"n)}g’i @é‘ggﬁr perties were eval uated, and the data obtained are

given in Tabhle 1. .Conpar ati.ve anpl e 1] ' A lubricating oi
conpositio CRE?a5P$EXFg%XPWp9ﬁb1§§ne manner as in Exanple 1, except that
tetraet hyl enepentami ne . (having a C N meLght rati o of 1.%{) used as the
pol yanmine in preparigt ¢Hel R &iin CAMBE SLSHPBUNES R ERFES &r?p\?%ﬁsnfalflﬁ).

Its physical properties were evaluated, and the data obtained are given in

Table 1. Pebrssr as V& Bxampple 4, except ALhafprtebrapbhvl enepspbariien was

prepared in the sane _
(having a C/N weight ratio of 1.37) was used as the polyamine

in preparing the succinimide compound for the component (b).
Its physical properties were evaluated, and the data obtained
are given in Table 1.

[Comparative Example 2]

A.lubricatihg 0il composition was prepared in the same
manner as in Example 1, except that polybutenylsuccinic
anhydride of which the.polybutenyl group had a mean molecular

~weight of 180 was used as the succinic acid compound and
ethylenediamine (having a C/N weight ratio of 0.86) was as the
polyamine in preparing the succinimide compound for the
component (b) and that 7.0 $ by weight of overbased calcium
sulfonate (having a total base number of 51b mg-KOH/g) and
14.3 % by weight of overbased calcium phenate (having a total
base number of 250 mg-KOH/g) were combined and used as the
metal-containing, detergent dispersant of the component (a}.
Its physical properties were evaluatea, and the data obtained
are given in Table 1.

[Comparative Example 3]
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manner as in Exanple 1, except that pol ybutenyl succinic anhydride of which
t he pol ybutenyl group had a nean nol ecul ar weight of 180 was used as the
succi nic acid conmpound and ethyl enedi am ne (having a C/ N weight ratio of
0.86) was as the polyanmne in preparing the succinimde conpound for the
conponent (b) and that 7.0 % by wei ght of overbased cal cium sul fonate
(having a total base nunber of 510 ng-KOH g) and 14.3 % by wei ght of

over based cal ciu nat e i I, S O

wer e conbi ned angkﬁglg%r%%a§£§¥ Orlqt %Phgo%tléﬁlnlﬁn‘gégﬁgag? 2‘% sper san gz)f

t he conponent Its si CA roperties aI the at a
obt ai ngg n& vets i foT aerha FCopr%%ﬁelﬁerl vgﬁﬁga U@%fgr of

17 AIubrlcatl ai I, conpositi.on was Br ar ed nthe sanme
manner as PRIFPHHSRY1fU af‘ﬂé(fi tlﬁl@/%‘l YIgnes rae lﬁ% Bt nsl?l $lccinic
anhydri de/ di et hyl enetriamne was 1.5 in repari t he succinimd orrpound
for the coi&’ﬁ@@é‘ﬁtm@byheI%@CW%FOBPBBBQ '%t&%r%owm’f gh’ ‘a ?he

data obtained are_ given in Table 1.
physical properties were evaluated, and the data obtained are

given in Table 1.
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4-) [err] | NDUSTRI AL APPLI CABI LI TY In the
| ubricating oil conposition for internal conbustion engines of the

i nvention, the speed of acid neutralization is extrenely high, and the.
conposition has the advantage of good corrosion wear resistance agai nst
SOx that may be discharged by internal conbustion engines in |arge
quantities. In particular, the conposition is favorable to cylinder oi

For 2 cyel g iaGaf Yertlicibrrrey

In the lubricating oil lcomposition for intefnal
combustion engines of the invention, the speed of acid
neutralization is extremely high, and the composition has the
advantage of good corrosion wear resistance against SOx that
may be discharged by internal combustion engines in large
quantities. In particular, the composition is favorable to

cylinder oil for 2-cycle engines for ships.
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20 CLAI M5 1. Succini m de conpounds
obt ai ned by reacting a polyam ne having a carbon/nitrogen weight ratio of

o D olas Tatio to the polyan ne of up to L 9om
o i g p

T CLAIMS

1. Succinimide compounds obtained by reacting a

polyamine having a carbon/nitrogen weight ratio of from 0.85
to 1.25 with a succinic acid compound of the following general

formula (I) or (II) in a molar ratio to the polyamine of up

to 1.40:
0
V4
R——CH——COOH R—CH—C
) | o (I
CH,—COOH . ——c/
2 \

o

wherein R represents an alkenyl or alkyl group derived from
an olefinic polymer having a carbon number of from 2 to 15 and
having a number-average molecular weight of from 200 to 4,000,

2. A process for producing sucginimide compounds by
reacting a polyaﬁine having a carbon/nitrogen weight ratio of
from 0.85 to 1.25 with a succinic acid compound of the following
general formula (I) or (II) in a molar ratio to the polyamine

of up to 1.40:

R——CH——COOH R"‘“CH—C\
| @ 0 (II)
CH,—COOH . /
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wherein R represents an-aLKgﬂxL~$Lf$L§¥;\group derived from an olefinic
pol ymer having a carbon er of - to 15 and having a nunber-average
nol ecul ar weight of fro ﬂﬂ#,ﬂ ﬂ 2. A process for producing
succi ni m de conpounds bm H ﬁ”f!’bam ne having a carbon/nitrogen

wei ght ratio of from0.85 to 1.5 Mith a succinic acid conmpound of the

followng general formula (1) or (Il) in a nolar ratio to the pol yam ne
of up to 1,

wherein R ngﬁsggnég%‘lﬁrgﬁﬁgﬁ% a%ra%ﬁ‘ﬁwlg%u%l]éﬁéh %jé%u? r%?ﬁ:g%%do re?rlnni C
ol boul ar - GBi GhEE DR ¢ RO Pav4ms08, carbn ikt ol ¥LBE £ Y ERLady P a0e
Ubr i cat | nESVORE 3 SO BB SdORO LPRE LA ABSE P oR Rl O8RTch
comprises a | ube g?se %{l’lég¥£éé?ing _oil additive containing .the
succinimide compound of claim 1.
4, A 1ubricéting 0il composition for internal
combuétion engines, which comprises a lube base_oil, and (a)
at least one compound selected frém the group consisting of
overbased sulfonates, phenates and salicylates of alkaline
earth metals, and (b) the succinimide compound of claim 1, and
which has a total base nﬁmber of from 30 to 150 mg-KOH/g.
5. The lubricating oil composition_ for internal
combustion engines as claimed in claim 4, wherein the component
(a) accounts for from 5 to 40 % by weight and the component

(b) for from 0.1 to 3 % by weight based on the total weight

of the composition.
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at | e®st* one conpound sel ected fromthe group consisting of

over based

sul fonates, phenates and salicylates of alkaline earth nmetals, and (b) the
succi nim de conpound of claiml1l, and which has a total base nunber of from
30 to 150 ng- KOH g. 5.- The lubricating oil conposition for

internal conbustion engines as clainmed in claim4, wherein the conponent

(a) accounts for from5 to 40 % by wei ght .and t he conponent

(b) for from

0.1 to 3 %by weight based on the tgfalppagight of the conposition.

22

Provided are novel succinimide compounds obtained by
reacting a polyamine having a carbon/nitrogen weight ratio of
from 0.85 to 1.25 with a succinic acid compound in a molar ratid
to the polyamine of up to 1.40; a process for producing them;
a lubricating oil additive containing the compound; and a
lubricating o0il composition for internal combustion engines
which comprises a lube base oil, (a) at least one compound
selected from the group consisting of overbased sulfonates,
phenates and salicylates with alkaline earth metals, and (b)
the succinimide compound, and which has a total base number
of from 30 to 150 mg-KOH/g. .The composition is for use in
internal combustion engines that:may'discharge a large amount

of sulfur oxides (SOx), having the advantage of good corrosion

‘resistance against SOx to be discharged in large quantities.
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