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invention relates to lubricating oil conpo- sitions. In particu I'S
invention relates to lubri- cating oil conpositions conprising an oil of
lubricating viscosity, a carboxylic derivative conposition generally
exhibit- ing both VI and di spersant properties, and at |east one basic

al kali, netal salt of a sulfonic or carboxyllc acid. Lubricating oils which
are utilized in internal conbustion engines, and in particular, in
spark-ignited and di esel engines are consta%rly bei ng nodified and i nproved
to provide inproved performance. Various organ- izations including the SAE
(Society of Autonotive Engin- eers), the ASTM (fornerly the Anerican
Society for Test- ing and Materials) and the APl (Anerican Petrol eum
Institute) as well as the autonotive manufacturers con- tinually seek to

i nprove the performance of lubricating oils. Vari ous standards have been
establ i shed and nodi- fied over the years through the efforts of these
or gani - zations. As engines have increased in power output and

complexity, the perforQELkdasﬁgﬁg_lgigiEéggﬁgg?nn. n- creased to provide
| ubricating oils that .Wﬁil ¢ Jﬁﬁ%y to deteriorate under
condi tions of use and tdmrebyiNGOCARSIGEIORRRTARGVESE formation of such
unde5|rable deposits a§_VHTﬁrgﬁ_—STUUgE——CHT%UﬂaCEDUS mat eri al s and

rest nous materials which tend to adhere to -2- the various engine parts
and reduce the efficiency of the engines. In general, different

classifications of oilsThis invention relates to lubricating oil compo-
sitions. In particular, this invention relates to lubri-
cating oil compositions comprising an oil of lubricating
viscosity, a carboxylic derivative cbmposition generally exhibit-
ing both VI and dispersant properties, and at least one
basic alkali metal salt of a sulfonic or carboxylic
acid.

Lubricating oils which are utilized in internal
combustion engines, and in particular, in spark-ignited
and diesel engines are constantly being modified and
‘improved to provide improved performance. Various organ-

" izations including the SAE (Society of Automotive Engin-
eers), the ASTM (formerly the American Society for Test-
ing and Materials) and the API (American Petroleum
Institute) - as well as the automotive manufacturers con-
tinually seek to improve the performance of lubricating
oils. Various standards have been established and modi-
fied over the years through the efforts of these organi-
zations. As engines have increased in power output and
complexity, the performance requirements have been in-
creased to provide lubricatjng oils that will exhibit a
reduced tendency to deteriorate under conditions of use
and thereby to reduce wear and the formation of such
undesirable deposits as varnish, sludge, carbonaceous
‘materials and resinous materials which tend to adhere to



and perfornance requirenents have been established for crankcase lubricants
'to be used i'n spark-ignited engines and di esel engines because of the

di fferences in/and the demands placed on, lubricating oils in these
applica- tions. Commercial |y available quality oils designed for
spark-ignition engines have been identified and | abeled in recent years as
"SF" oils, when the oils are capable of satisfying the performance -’
requi rements of APl Serv- ice Cdassificatjon SF. A new APl Service

Classification .SG has recently been established, and this oil is to be
| abel ed "SG'. The oils designated as SG nust pass the perfornance

requirement Segl Aghr $8Si CenGlieS! idrdld Ohnd> pbdude NHE depI Eshap! behed
to insure that these new oi possess additional desirable propertles

and perfornaﬁbé epghaBAikities in excess of those required for SF oils.

The SG oils are to g dgeh@m t 0 Jiiffdrerft €l 4Kt i FRFd t Bowls d@f’0611§ and
also to mnim eth| kenln seryvi ce. ﬁ/\/ng?‘? SG.oils areélftend
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of satisfying the performance requirements of API Serv-
ice Classification SF. A new API Service Classification
SG has recently been established, and this oil is to be
labeled "SG". .= The oils designated as SG must pass the
performance requirements of API Service Classification
SG which have been established to insure that these new
oils will possess additional desirable properties and
performance capabilities.ih excess of those required for
SF oils. The SG oils are to be designed to minimize

_ engine wear and deposits and also to minimize thickening

in" service. The SG oils are intended to improve engine g;)

performance .and durability when compared to all previous
engihe oils marketed for spark-ignition engines. Aan
added feature of SG oils is the inclusion of the require-
ments of the CC category (diesel).into the SG specifica-
tion.. o ; _ '
In order to meet the performance requirements
of SG o0ils, the oils must successfully pass the follow-
;ng gasoline and diesel engine tests which have been
~ established as standards in the industry: The Ford"
Sequence VE Test,:”The Bulck* Sequence  IIIE Test; The
Oldsmobile” Sequence IID Test; The CRC L-38 Test; and The
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pillar Test is included in the performance requirenents in order to al so
qualify the oil for the light duty die- sel use (diesel performance
catetory "CC'). If it is desired to have the SG classification oil also
qualify for heavy-duty diesel use, (diesel category "CD') the oi
formul ati on nmust pass the nore stringent performance requirenents of the .
Caterpillar Single Cylinder Test Engine 1Q&. The requirements for al
of these tests have been established by the4ndustry, and the tests are

- described in nore detail below. When it is desired that the |ubricating
oils of the SG classification also exhibit inproved fuel econ- ony, the

oi | nust neet tGstecpillaF¥nbgngllet by13ndeanarsy Hrid@inE THE] enfhdn@d fgr O |
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When it is desired that the lubricating oils of
the SG classification also exhibit improved fuel econ-
omy, the o0il must meet the requirements of the Sequence
VI Fuel Efficient Engine 0il Dyhamometer Test. _

" A new classification of diesel engine oil also
‘has been established through the joint efforts of the
SAE, ASTM and the API, and the new diesel oils will be
labeled "CE". The oils meeting the new diesel classifi-
cation CE will have to be capable of meeting additional

U performance requirements not' found in the present CD
category including .the Mack T-6, Mack T-7, and the
Cummins NTC-400 Tests.

. An ideal 1lubricant for most purposes should
possess the same viscosity at all temperatures. Avail-
able 1lubricants, however, depart from this ideal. Mat-

- erials which have been added to lubricants to minimize
the viséosity change with temperature are called viscos-
> . ity-modifiers, viscosity-improvers, viscosity-index-im-
provers or VI improvers. . In general, the materials
which improve the VI characteristics of lubricating oils
are oil-soluble organic polymers, and these polymers
include polyisocbutylenes, polymethacrylates (i.é., co-
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-4- polynmers of various ‘'chain length alkyl nethacrylates); copolyners
of ethyl ene and propyl ene; hydrogenated bl ock copol ynmers of styrene and
i soprene; and pol yacrylates (i.e., copolyners of various chain |ength
al kyl acryl-. ates). OQther materials have been included in the |ubri-
cating oil conpositions to enable the oil conpositions to neet the
various performance requirenments, and these include, dispersants,
detergents, friction-nodifiers; corrosiorrd=hibitors, etc. Di spersants
are enployed in lubricants to maintain inpurities, particularly those
formed during operation of an internal conbustion en- gine, in
suspensi on r @%ymerfan &f | o%«hgf’ﬁﬁerrpb@l@eé@iﬂtlhsalkdhd@thacml@t?ab B

have been des&érﬁ%é&”@fpétﬂyléhb %ucg;ﬁﬂyltaﬁe-b YardgeRstey-bIgERVi N9

and di spers- a operties conpound aV|ng bot h prop-
erties i s corfAPEmers aP%oI?HiFeBQCkB&FFe dRPLAieh ANt KPRhraeEYlates

attached one pf 41D/ e JBPOIPRErSaVord RArAlousdicHiin lentfth CAIRPUNESrpLe -
frequently prepared by "a grafting operati on wherein the backbone ponneK_Js

react ed dlrecﬁﬂﬁshmtl1 a suitabl e nonomer. Di-spersant additives for

lubricants conprising ¢tier rﬁaﬁérealsphwtb%erpfxn&mmﬁymceﬁaoymhm i
amnes with substituted succini, t.heir derjvatives al so have:
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formiation LSufle{Edtd'oses BRdiNRbih | SR iadd) | B Au OPRYSLREDe
. formed during operation of @ an internal combustion en-
gine, in suspension rather than allowing them to deposit
as sludge. Materials have been described in the prior
art which exhibit both viscosity-improving and dispers-
ant properties. One type of compound having both prop-
erties is comprised of a  polymer backbone onto which
backbone has been attached one or more monomers having
polar groups. Such compoundé are frequently prepared by
a grafting operation wherein the backbone polymer is
reacted directly with a suitable monomer. : _;/
Dispersant additives for lubricants comprising

N

the reaction products of hydroxy  compounds or amines
with substituted succinic acids or their derivatives
“also have been described in the prior art, and typical
dispersants of this type are disclosed in, for example,
U.s. Patents 3,272,746;  3,522,179; 3,219,666; and )
4,234,435. When incorporated into lubricating oils, the
- compositions described in the '435 patent function
primarily’ as dispersants/detergents and viscosity-index
improvers. ' ' '

A lubricating oil formulation is herein described

which is useful in internal combustion engines. More



-5- particularly, lubricating oil conpositions for internal. conbustion

engi nes ‘are described with conprise (A) at |east - 60% by wei ght of
oil of lubricating viscos- ity, (B) at |east 2.0% by wei ght of at
| east one carboxylic derivative conposition produced by reacting at | east
one substituted succinic acylating agent with from 0.70

equival ent up to lLess than one equiva- lentr per equivalent of acylating
agent, of at |east one anine conpound characterized by the presence
within its structure of at |east one HN< dgrdup, and wherein said
substituted succinic acylating agent consists of substi- tuent groups and

succi ni c group | e s ti.t t. gro deriv fgoma
pol yal kene, sa 8&2%@%?%3% bg'l?% lclcér?Mt eqlﬁlgéecggme%gﬁelﬁhggi/hgof/ai'%%er%‘?l-
1300 to 5000 af@ HSPﬂPNh eaginest are deskiibed with comprised(A) at
acyl ating agenigaghei g char agleehlZ Gil i e RIS o £ il ¥ 4k IS ¥l Scos-
structure of an average of at |east 1.3 succCiniC groups for €ach equrval ent
wei ght of sub- i8¥it ud gtougeastand (C) Z+Qimby weighty @f ap least onmeo by
vel g of alcakpagy19pe Bativadivd | dHﬂﬁﬂsf%ﬁ&n‘ﬁpf%&*céé”ﬁf féacting

cgrboxylic acid, The oil conpositions of tthe inventi'on al so nmdy contaln” (D)

at | east one n@fal 18PRE-  ARScasHPE tikubed SNGGILG aciHp bing (3genk yibht
one car- boxyl feomster deri 93figve ekuiRedidritoup &t/ I¥sd FBhan dw@sdq@iea-

heutral or bastENGr kaPFceBHIVRLRRbAOS AWIAL LAY |48t it ¥ feasf apec
conf’ pound. | nanimeentonpoeng, . charaidtexdyedsidy dhe Qrédends esithin its
heclt i ong Font8kRukBEc00KR dd ' 1¥gRe "l Wil YWY, Snd SHRELOST ddud e
substituted succinic acylating agent consists of substi-
tuent groups and succinic groups wherein the substituent
groups are derived from a polyalkene, said polyalkene
being characterized by an Mn value of 1300 to
5000 and an Mw/Mn value of 1.5 to - 4.5,
said acylating agents being characterized by the pres-
ence within their structure of an average of at least
1.3 succinic groups for each equivalent weight of sub-

stituent groups, and (C) from 0.01 to 2% by
weight of at . least one basic alkali metal salt of sul-
\/- fonic or carboxylic acid. The oil compositions of the

invention also may contain (D) at least one metal dihy-
drocarbyl dithiophosphate and/or (E) at least one car-
boxylic ester derivative composition, and/or (F) at
least one partial fatty acid ester of a polyhydric alco-
hol, and/or (G) at least one neutral or basic alkaline
earth metal salt of at 1least one acidic organic com-
pound. .
® In one embodiment, the o0il compositions of the
present invention contain the above additives and other
additives described in the specification in an amount
sufficient to enable the o0il to meet all the performanée
requirements of the new API Service Classification iden-
tified as "sG".



sufficient to enable the oil to neet all the performance requirenents of

t'he new APl Service Classification iden- tified as "SG'. -6- Various
ot her preferred features and enbodi nents of the invention are described
below. Fig. 1 of the acconpanying drawing is a graph illustrating the

rel ati onship of concentration of two dispersants and a polyneric vis- .-
cosity inprover required to maintain a given viscosity. The |ubricatingy

oi | conpositions of the present inventiogg-conprise, in one enbodinent,
(A at least 60% by wei ght of oil of lubricating viscosity, (B) at
| east 2. 0% by weaghdusobtRdr [peafdrredefeaatubex whd cembed ineat s vt

conposition p duced hy reactln (B~ 1 t | east one substituted succinic
acyl ati ng age%ﬁ) Vﬁn'illg 2 deS% bed t\iel% *0.70 equivalent wup to less than

~one equival ent, per equiigl &mf ctﬁea@pbamennygnagmaming)fisaa drepstilloskratang ne
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HN< group, and wherein sald substifute SUCCInIC ac ? on-
of substltuenF°§FﬁﬁpémE§QV§Gb€ng§Rﬁ43 RN AR ¢ TﬁgtY oupQ_J
are derived froma pol yal kene, said pol yal kene bei ng characterlzed by an Mh_

I f 1300 500 d an My M val f
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Thr oughout that speasti cati on 2wls- ch)almghtaf%ﬁ -aknkeast m%r%@m%&blﬁy
wei ght of theg¥at,QusveO d0kiposition produced by reacting (B-1) at
least one substituted succinic acylating agent with
(B=2) from 0.70 equivalent up to less than one
equivalent, per equivalent of acylating agent, of at
least one amine compound characterized by the presence
within its structure of at least one HN< group, and
wherein said substituted succinic acylating agent con-
sists of substituent groups and succinic groups wherein
the substituent groups are derived from a polyalkene,
said polyalkene being characterized by an Mn value of
1300 - to - 5000 and an Mw/Mn value of 1.5
to _ 4.5, said acylating agents being characterized v
by the presence within their structure of an average of
at least 1.3 succinic groups for each equivalent weight
of substituent groups, and (C) from 0.01 to
2% by weight of at least one basic alkali metal salt of
sulfonic or carboxyllc acid.
| Throughout this spec1f1cat10n and claims, refer-
ences to percentages by weight of the various compon-
ents, except for component . (A) which is oil, are on a -
chemical basis unless otherwise indicated. For example,
in the oil compositions of the invention as described in
the previous paragraph, the oil composition comprises at
least 2.0% by weight of (B) on a chemical basis and from__



ents, except -for conponent (A) which is oil, are on a chemcal basis
unl ess ot herwi se indicated. For exanple, in the oil conpositions of the

i nvention as described in the previous paragraph, the oil conposition
conprises at |least 2.0% by weight of (B) on a chem cal basis and from

-7- 0.01 to 2% by weight of (C) on a chem cal basis.

Thusg, ,if conponent (B) is available as a 50% by weight oil solution, at
| east 4% by wei ght of the oil solution woulgbe. .included in the oi
conposi tion. The number of equival ents of the acylating agent depends on
the total nunber of carboxylic func- tions present. In determning the
nunber of equi 3aients for the acylat|ngzagmytwelghbsefcecboanlafuhemuoas

Are excl uded.  PRYARTer af MRS CiRieRt T 46 ArRFLARYS s o BoR0EY
agent for eachwedghdxy Og.rlou;solutm.e aty| aleagt aderby. webghtxaefipthe obére

are two equi valg@il,$ one I’#’]%CE’:(I rrafllfd %f{@@&%}f é&ﬁﬁ%%?@lS one nol e

Qﬁ;fln pol ymer an € 0 nvent i onal
tech l ques are readlIyﬂhﬁmInﬂﬂhﬁﬁ(NOfCKSQRxﬁaiQEFStk@fnuhber acytatbogyl

fdnctions (e.gagedd dde?é'ﬂg%’, oﬁa%f'@@EéP%ﬁw@?réfa@théﬂg‘hctEﬁnaum

ber of eqU|vaIents of t cyl at1 ng, agent, can be readi |y deter one

skilled in the dPPE ARPTEGRNF erkn ﬁﬁﬁmiﬂlQﬂlEﬁﬁrﬂﬁmﬁeé.95I?§Hiﬁélﬁ§tﬁhe

nblecul ar wei giforof tilee a@ylrae;ﬂfg I@jé&ﬂiﬁﬂethbye ¢ﬁ1ﬂ§bi)yltf@né@i6hsntmbéh of
ni. t rogens pr esent

h t hyl e
eduf val ent wei G 89 I n < rma&ﬁ@ I?% fr%ﬁcq:‘t%‘j rﬁjﬁee%zlﬁ%{bwjgh? aﬁ?’@t ﬁcy}PEne
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The equival ent JWel 9RlyQhalent of acylating agent for each carboxy group
in these acylating agents. For example, there are two
equivalents in an anhydride derived from the reaction of
one mole of olefin polymer and one mole of maleic anhy-
dride. Conventional techniques are readily available
for determining the number of carboxyl functions (e.g.,
acid number, saponification number) and, thus, the num-
ber of equivalents of the acyléting agent can be readily
determined by one skilled in the art.

An equivalent welght of an amine or a polyamine
is the molecular weight of the amine or polyamine div-
ided by the total number of nitrogens present in the
molecule. Thus, ethylene diamine has an equivalent
weight equal to one-half of its molecular weight; dieth-
ylene triamine has én equivalent weight equal to one-
third its molecular weight. The equivalent weight of a
- ' commercially available mixture of polyalkylene polyamine
' can be determined by dividing the atomic weight of nitro-
gen (14) by the %N contained in the polyamine and multi-
plying by 100; thus, a polyamlne mixture containing 34%
N would have an equlvalent weight of 4l1.2. An equiva-
lent weight of ammonia or a monoamine is the molecular
weight. - ' '



commercially avail able m xture of pol yal kyl ene pol.yam ne can be determ ned
by dividing the atom c weight of nitro- gen (14) by the %N contained in the
pol'yam ne and nulti- plying by 100; thus, a polyam ne m xture containing
34% N woul d have an equival ent wei ght of 41.2. An equiva- |ent weight of
amoni a or a nonoam ne is the nol ecul ar wei ght. An equi val ent wei ght of
pol yhydric al cohol is its nolecular weight divided by the total nunber\of
hy- droxyl groups present in the nolecul e Thus, an equiva- |ent weight
of ethylene glycol is one-half its mol ecul8F melght An equival ent weight
of a hydroxy-substituted amine to be reacted wth the acylating agents
to formthe carboxyli der.i vat i Its . r .wei_ght . di,vi.ded
by the total number @PlﬂﬁqQﬁ;7iéﬁ5 eb?ggen?f Rofyﬁg rﬁﬁlég&P@ 1 oy

- the purpose. oﬁtshlmolmcuiaxn1weumhbp@ivn@edcbypbhentotal nuhbelry difohiyl-

groups are ig wh a9k © e t S, -
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nol ecul ar melgh& @Eh@hﬂznﬁrﬂxhyﬂégbagkpchhveseoneqhalf atenmoleemghm\_,
equal to its pm 8% Iar wei ght, and di ethan- olam ne has an equivalent

a

wei ght (nitrogen Se) equal to its nolecul ar .wei ght, The equival ent o
wei ght of a hydroxyam A@lﬂﬁﬂﬂlYﬁIQntntﬁ@lehtboﬂﬁlachEéredesubsaumueed(E)
useful in thi amiREENkONpd S rddctd®! e&f&ﬁrtﬂe'séglduhﬂeﬂgaxtgh%omfw&

e nitrogen at I gnore ’;;

hydr oxyl grougs present
Thus, ~when ptBgar FR& 9&&%&$fr4ﬁﬁlﬁﬁEﬂvedlé?hanbﬁah?ﬁem°iﬁ§“ééﬁlV8P6h$ o

meight i's Onedﬁéhﬁeﬂheb |‘EH&E”td%%lﬂﬁuﬁﬁeﬂ'thﬁﬂﬁkéﬁeﬁegroﬁgs peesent

"substituent" and t|n
in ecu e. For the purpose of this invention in
preparlng component (B), the hydroxyl groups are ignored
when calculating equivalent weight. ' Thus, dimethylethan-
_olamine would have an equlvalent welght equal to its
molecular wexght- ethanolamlne would also have an equiv-
alent weight equal to its molecular welght. and diethan-
olamine has an equlvalent welght (nztrogen base) equal
to its molecular welght.

The equlvalent welght of a hydroxyamlne used to
form the carboxylic ester derlvatlves (E) useful in this
invention is its molecular welght divided by the number
.of hydroxyl groups present, and the nltrogen atoms pre-
sent are 1gnored. Thus, when preparing esters from,
€eJey diethanolamine, the equivalent welght is one-half
the molecular weight of diethanolamine.

The terms "substituent" and "acylatlng agent"”
ot "substituted succinic acylatlng agent” are to be
given their normal meanings. For example, a substltuent
is an atom or group of atoms that has replaced another:
atom or group in a molecule as a result of a reaction.
The term acylating agent or-substituted succinic acylat-
ihg. agent refers to the oompound per se and does not -
include unreacted reactants used to form the acylating
agent or substituted succinic acylating agent.



or "substituted succinic acylating agent” are to be given their nornmal
meani ngs. For exanple, a substituent is an adtom or group of atons that_
has replaced another atom or group in a nolecule as a result of a
reaction. The termacylating agent or-substituted succinic acylat- ing
agent refers to the conpound per se and does not include unreacted
reac{agnts used to formthe acylating agent or substituted succinic

acyl ati ng agent. -9- (A) -Gl of Lubricati®mg Viscosity. The oil which is
utilized in the preparatlon of the lubricants of the invention may be based
on natural oils synthetlc oil's, or mxtures thereof. Natural oils include
animal oils amf i1, lard oil) as well as

m neral |ubricati ng oi Ithe S%ﬂ aﬁhiréﬁugg BE&&%EH ﬂ' lt eaﬁﬂ gﬁl a%trz.on of
vent-treated or .acid-treated m nera ricating o arartinic, :
napht heni ¢ or rﬁ@?edi%fa!f%%% r&%h‘ﬁh@nmvent@ypemay beoblagedofon wtatiwzal ng

viscosity deriodd s, epmandt i &f@ép afemgkeer%ei;ﬁbgesrnt hetic lubricating

- oils.include hydrocarbo i1s an osubstituted ro- carbon oils such
as poT'ynerized and |nte3E81 2%Hi%le¥Pﬁ ude. inmﬁél9b&§yﬁ@ﬁe§€getable

pdl ypr opy! enes oifisopyleare, | mﬁdﬂr engil, Cpaeaynan) asChean Bat ‘(i-‘:lﬁ_ndeercql

tres) . Veto. - ARREHRREITR S A ccruch 451 bERULACBSEEORS U 0408y s A,
tetfadecylbenz&net-treﬁﬂaﬁnﬂdﬁ%&ﬁi&!ﬁféhté& ﬁ%?ﬁkﬁﬁ?%hbr@@ﬂ%&h@s01léﬂdf)
2?%Z§?62YL§IatgagdlS%r%?%q ér?ééh#hx$§$a?5dmﬂ¥%#eﬁ9Fa hthenhe
derivatives, aA8l ogypesd honmlidgs tdrlubrbcatine Vike051ty derlved from
coal or shale are also useful. Synthetic lubricating
0ils include hydrocarbon o0ils and halosubstituted hydro-
carbon o0ils such ~as polymerized and interpolymerized
olefins (e.g., polybutylenes, polypropylenes, propylene-
.isobutylene copolymers, chlorinated polybutylenes,
etc.); poly(l-hexenes), poly(l-octenes), poly(l-dec-
enes), etc. ‘and mixtures thereof; alkylbenzenes (e.g.,
dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes,
di-(2-ethylhexyl)-benzenes, etc.); polyphenyls (e.g.,
biphenyls, terphenyls, alkylated polyphenyls, etc.);
alkyléted diphenyl ethers and alkylated diphenyl sulf-
ides and the derivatives, analogs and homologs thereof
and the like. ' _
- Alkylene oxide polymers and interpolymers and
derivatives thereof where the terminal hydroxyl groups
have been modified by esterification, etherification,
- etc., constitute another class of known synthetic lub-
ricating o0ils that can be used. These are exemplified
. by the oils prepared through polymerization of ethylene
oxide or propylene oxide, EPe alkyl and aryl ethers of
these polyoxyalkylene polymers. .
Another suitable class of synthetic lubricating
oils that can be used comprises the esters of dicarbox-



Al kyl ene oxi de polynmers and interpolynmers and derivatives thereof where the
term nal hydroxyl groups have been.nodified by esterification,
etherification, etc., constitute another class of known synthetic | ub-
ricating oils that can be used. These are exenplified by the oils prepared
t hrough pol yneri zation of ethyl ene oxide or propyl ene oxide, the alkyl and
aryl ethers of these polyoxyal kyl ene polynmers. Another suitable class ofy
synthetic lubricating oils that can be uggd conprises the esters of

di car box- -10- ylic acids (e.g., phthalic acid, succinic acid, alkyl
succinic acids, alkenyl succinic acids, maleic acid, azelaic acid, suberic
acid, sebaci gldd dacidsari{e arid, phtlpaticacadid,| snokeéhdc acid, &lxsl

mal oni ¢ aci d | kyl. |_oni £, aci | kenyl palonic_acids, etg.). with.a var-
iety of alcoﬁgggﬁ%@Fgéf 3N eﬁikﬁ§k¥‘h%§§$?gfsohﬁ?}dﬁédeUﬁﬁeéFb &F%
2-ethYIhexy:aabmdﬂd, auﬂ@M(ﬂﬁgqgginﬂactﬂﬁtﬂqhaotﬁghatdb tunagﬁhfhpid,
propyl ene g . et ¢ ). 3SpeGi, _exanpl e these,esters i.nclu

di butyl adi - ‘%3?&9 di%(cé'-cf’t h%#%*e‘ir?y?’)ésre]%%’c‘zt e‘,?LH?F h;ﬂgiﬁf‘l?uﬁﬁ@t’e,ﬂg#&cw
sebacate, di medontigl acdldse, alikenylkmydlenit-acids,debet)l wikhhal atae~ )
di decyl phth , A& €l - bagate, t -t | diester qf.,linol ei €*
aci d dinmer, ?hg co#%:efﬁg§¥g¥ﬁfofﬁ%ﬁf§y p@ﬂ%¥?ngy%§§6¥6lgbg§&sgéggpgldcid'

with two nol 89deryilet edeohplone riekhylhenyl wleohel,oethydeny gdygodic
o focr] ek SIAY Anayehie] pfpbyehe: Sageut; Lagts e
as neopentylsgkﬁé RC t exa | Qf rﬁﬁggb%ni%€l9@ﬁrﬂﬁ utyl adi- &
di pentaeryt hpatel,, Bii(ReRtMIHINYIP! séidcate, di-n-hexyl fumarate,
dioctyl sebacate, diisooctyl azelate, diisodecyl azel-
ate, dioctyl phthalate, didecyl phthalate, dieicosyl
sebacate, the 2-ethylhexyl diester of 1linoleic acid
dimer, the complex ester formed by reacting one mole of
sebacic acid with two moles'of tetraethylene glycol and
two moles of 2-ethylhexanoic acid and the like.

Esters useful as synthetic o0ils also include
those made from C5 to Cl2 monocarboxylic acids and
polyols and polyol ethers such as neopentyl glycol, tri-
methylol propane, pentaerythritol, dipentaerythritol,
tripentaerythritol, etc. . -
' Silicon-based oils such as the polyalkyl-, poly-
aryl-, polyalkoxy-, or polyaryloxy-siloxane oils and sil-
icate oils comprise another useful class of synthetic lu-
bricants (e.g., tetraethyl“silicate,-tetraisopropyl sili-
céte, tetra-(2-ethylhexyl)silicate, tetra-(4-methylhex-
yl)silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-
(4-methyl-2-pentoxy)disiloxane, poly(methyl)siloxanes,
poly(methylphenyl)siloxanes, etc.). Other synthetic lub-
ricating oils include 1liquid esters of phosphorus-con-
taining acids (e.g., tricresyl phosphate, trioctyl phos-
phate, - diethyl ester of decane phosphonic acid, etc.),
‘polymeric tetrahydrofurans and the like.



Silicon-based oils such as the polyal kyl-, poly- aryl-, polyal koxy-, or

pol yaryl oxy-siloxane oils and sil- icate oils conprise another useful class
of synthetic lu- bricants (e.g., tetraethyl silicate, tetraisopropyl sili-
cate, tetra-(2-ethy|hexyl)silicate tetra-(4-met hyl'ex- yl)silicate,
tetra-(p-tert-butyl phenyl)silicate, hexyl- (4-nethyl-2-pentoxy)disil oxane,
pol y(pet hyl ) si | oxanes, pol y(nmethyl phenyl)siloxanes, etc.). Qher synthetic
|l ub- ricating oils include liquid este rs of phosphorus-con- taining
acids (e.g., tricresyl phosphate, trioctyl'ﬁHB%- phate, diethyl ester of
decane phosphonic acid, etc.), polyneric tetrahydrofurans and the |iKke.

Unrefined, refined and,rergfined oiI ; t her .nat ural synthetic

wel | as mxtures of two o[}mfﬁf %‘f any gf'n?hes@?d frﬁﬁsfﬂ'yﬁg Gilé-él'o&éd:

her ei nabove cannatursdd ior tdyntiveiot (asewedl abempkeaces bEVQWbIQQ more
Unrefined oils. t e c m at ur -

source W t hout ?ﬁfté& pfF ffgé#€%ﬂ f %#%E%§8e 813 8#°589ahﬁF81n gﬁglgiﬂl
obtq\Ped di rect be f umed etior t ithe opeomténtsates pefr theupreskentbtiaveation.
directly from pionies Pt Idimal [0 Ondsd SbpPhingh! 81 PEM: HLT SELLY oF HATL3!
esterification process and used hou ? er tre F ™8 3 ur=
unrefined oil. Rdfifdd AVnthetici sourceo vhthoutef fuetiher| spuxdiépratlion
have been furt heirdataindd 'n‘yB%(”efgﬁé?gyréféﬁaiéoahftSﬂﬁaﬁﬁed'EEEQ&%ly

orfe or nore properties. ~Many such purijica- tion tec ues-are
those skilled it éﬁ:9£Fﬂ¥%ﬁ;QR#R&#&°%&!ra%tlﬁﬁtrﬂ96¥@tr9éilngbtalned

secondary dis- tlllrle];@tﬁl(yn ﬁQ::ndpl'l’ &%éfﬁrla@ﬂonfbi:téQEéQnoﬂerﬁQh‘ined
sed to obiain POTERLaTol (AECIAN GFYSF FEITALEOR PESTRRE 2R, oBRcH L shPBEdy
used in servicefurther treatment would be an unrefined oil. Refined
| 0ils are similar to the unrefined oils except they have
been ' further treated in one or more purification steps
to ‘improve one or more properties. Many such purifica-
tion techniques are known ‘to those skilled in the art
such as solvent extraction, hydrotreating, secondary dis-
tillation, acid or base extraction, filtration, percola-
tion, etc. Rerefined o0ils are obtained by processes
similar to those used to obtain refined oils applied to
refined o0ils which have been already used in service.
~ Such rerefined oils are also known as reclaimed, recy-
' cled, or reprocessed oils and often are additionally
processed by techniques directed to removal of spent
additives and oil breakdown products. '
(B) Carboxvlic Derivatives.

Compohent (B) which is utilized in the lubri-
cating o0ils of the preSent invention is at least one
carboxylic derivative composition produced by reacting

: (B-1) at least one substituted succinic acylating agent
with (B-2) from - 0.20 equivalent up to less than
one equivalent, per equivalent of acylating agent, of at
least one amine compound containing at least one HNK
group, and whereih said acylating agent consists of sub-



Such rerefined oils are al so known as reclained, recy- cled, or reprocessed
oils and often are additionally processed by technlques dlrected to renoval
of spent additives and oil breakdown products. (B) Carboxylic Derivatives.

- Conmponent (B) which is utilized in the lubri- cating oils of the present
invention is at |east one carboxylic derivative conposition produced by
reacting (B-1) at |east one substituted succinic acylating agent with

(B-2) from 0. 70 equivalent up tajless than one equival ent, per
equi val ent of acylating agent, of "at Ieast one amn ne conpound containing at
| east one HN< group, and wherein said acylating agent consists of sub-

-12- stituentstgtoent groupLCidid ﬂiwmw/f@f@wstbﬁeﬁebﬁttnetgaesu-

groups are de |veg fron1 oI al keng cha acterlz f i val ue  of
1300 to | eLAY yalkene OCharaCte!lﬁedsal d

acylatlng agebys anlngn Mh&uundﬂlzed by300et®resencesuoohaﬂdtaﬂlnwynhuc-

t fat | 3 f h | ent
wel ght “of subEfERenBEor oups, - THerS et ut el r°“€$ﬂ.€£g€9ﬁw$ﬂ§&é§sﬁtb
(B-1) utilizecieing tdhamag@ennzeﬂ1(ﬁyttheqprésandecwﬂthiuatheﬁr(Btruca ]
be char aCtert&?@ ? Lae a% E‘of’“éé‘ ﬂe#éé ff}j“%&&'%g%? %f;{ég?grfgﬁs oF "

noi eti es rrst group 1Ol erre
conveni ence, ééchhGQUGUBdﬁmﬂu&wqutnﬂﬁsﬂubﬁﬂttueﬁtkﬂtﬂwﬂsfron1a ponaIk-

ene. The pol yal ken ro S MPEnG ryxe
characterized D an QE% v?qgg(ﬁkﬁéginl%§¥éiﬁ§éxk&§9 @-Eg%gg kﬁ gb
MV M val ue dititiz@dst ip the prepagatifh of dhe fasbexvhic derlvatl‘!)eto

4.5 or (B)L. Scah o be char‘hdi:erﬂi”éa atyy eI | %‘réﬂ\enéetbfthm its
structure of two groups or moieties. The first group or
m01ety is referred to herelnafter, for convenlence, as
the "substltuent group(s)“ and is derived from a polyalk-
ene. ‘The polyalkene from whlch the substituted groups
are derlved is characterrzed by an _Mn value of from

1300 to - 5000, and an Mw/Mn value of at least
1.5 . and more generally from 1.5 to 4.5
or 1.5 to ~ 4.0. The abbreviation Mw is the

conventional symbol representing weight average molecu-
lar welght, and Mn is the conventlonal symbol represent-
'ing number average molecular weight. Gel permeation KJ
chromatography (GPC) is a method which provides both
weight average and number average molecular weights as
well as 'the_entire molecular weight,distribution of the
polymers. For purpose of this invention a series of
fractionated polymers of isobutene, polyisobutene, is
used as the calibration standard in the GPC.
The techniques for determining Mn and Mw values
.of polymers are well known and are descrzbed in numerous
books and articles. For example, methods for the deter-
mlnatron of Mn and molec:lar 'weight distribution of
polymers is descrlbed in W.W. Yan. J.J. Kirkland and
D.D. Bly, "Modern Size Exclu51on Liquid Chromatographs"
J.Wiley & Sons, Inc., 1979.



conventional synbol representing weight average nolecu- lar weight, and
Mh is the conventional synbol represent- ing nunber average nolecular

wei ght . Gel perneation chromatography (GPC) is .a nethod which

provi des both wei ght average and nunber average nol ecul ar wei ghts as wel |
as the entire nol ecul ar weightdistribution of the polyners. For

purpose of - this invention a series of fractionated polyners of |

| sobut ene, polyi sobutene, is used as the calibration standard in the GPC
The techniques for determ ning Mh and Mv val ues of . polynersare well known
and are described in nunerous books and articles. For exanple, nethods

for the deter- mnationmg d culzar ' i Shri ' o]
polymers is described q€1 %ﬁ%ﬁﬁ@Ya%EBgsq.bgirwpghgggn&%6§§at%ﬁ%;gklgg
"Modern Size BRI odsi FRERTFRNEOoBRERRD" as)thel Apugcsavis gnaup (4079,

-13- The secondh# olguc¥inid etyréulps heapey! ghile §360bs charadtdiShd by
herein as the "succinic group(s)".” The succinic groupS are those groups
characterized | & i LHGtiGGir e [err] wherein X and X are the sane or
deP€fent provided at least one of X and X is such that the
substituted succinic acylating agent ‘can function as carboxylic
acylating agents. That is, at Ieastlone;oﬁ X and X' nust be such that
the substituted acyl ating agent can f orxe-@atdesceg tani ne salts Wity ami no
conmpounds, and ot herwi se function as a convéntional carboxylic aci
aciylating agents. Transam dation reactions are consid- ered, for
purposes of thwheredant Xonank hweaneichel sangl ati dgffedehitoprovided at

least one of X and X' is such that the substituted
succinic acylating agent .can function as carboxylic
acylating agerts. That is, at least one of X and X'
must be such that the substituted acylating agent can
form amides or amine salts with amino cémpounds, and
otherwise function as a conventional carboxylic acid
acylating - agents. Transamidation reactions are consid-
ered, for purposes of this inVeﬁtion, as conventional
acylating reactions.
Thus, X and/or X' is usually -OH, -O-hydrocar-
_ byl, =-0-M+ where M+ represents one equivalent of a
N~ metal, ammonium or amine cation, -NH2, -Cl1, 4Br, and
together, X and X' can be -0- so as to form the anhy-
dride. The specific identity of any X or X' group which
is not one of the above is not critical so long as its
presénce does not prevent the remaining group from enter-
ing into acylation reactions. Preferably, however, X
and X' are each such that both carboxyl functions of the
succinic group (i.e., both -C(0)X and -C(O)X' can enter
: into acylation reactions. ' _
One of the unsatisfied valences in the grouping



Thus, X.and/or X is usually -OH -0-hydrocar- byl, -O M- where Mk
one equivalent of a netal, ammonium or am ne cation, -NH2,
-d, -Br, and together, X and X can be -0- so as to formthe anhy-

represents

dri de. The specific identity of any X or X group which is not one of
the above is not critical so long as its presence does not prevent the
remai ni ng group fromenter- ing into acylation reactions. Preferabhx;
however, X and X' are each such that botpygarboxyl functions of the
succinic group (i.e., both -C(O X and - CX%§ can enter into acylation
reactions. One of the unsatisfied valences in the grouping [err] -14- of

Formula | forgs aFG?tE@PQ iofﬁfﬂlgoa BRPE o -t 2 a5 (ﬁm\ial encmifht%ecar on

substi t uent

gr oup. such unsatis- fie

e satl sfied

by a sinilar ®Pm Wthheheuiaaﬁetusnt s.rpm-enﬁhlé@oghhq;erﬁuctgrmﬁ;atm+ but

the said one gi&d vaélaeseel ﬁaysael butiairied oy Yy él‘x‘riirl%erbodd %th Rpelhe
substituted succinic ac gg g ent ar.e characteri zed ryh pl’ esence
$LHRL OEr ut g‘-'r

within their 33Pict?F e

aﬁ@ §Eituent,sgroup s @dd 214 ha

i's, groups cosmespsuchngalén€er il asbhllyr saadls faed VAl Yvid MRyt -1 Cé.,

substituent

oups. For purposes of this invention, the nunber of

equi val ent wel ghts of substi- tuent groups is deened. to be the nunber
obt ai ned by dividing tﬁheNhsuhbhetnte&hespcbyahbenadymutnﬂd(Hgdﬂﬁs are

substi tuent

groups present

gﬁie N3 n%gt e{éH rfghce’ Q?‘ HnOfthterﬁ %‘J’é eent°f

cinic acy

&

PO

bl

a substitut ei:i’l ANRYIgS a@?l a@tnglagéﬁt ﬂ-s3cﬁ§|¢§d-mci muns a(thittallsmai ght

of

groups corresponding to Formula I) for each equivalent

invention, the number of equivalent weights of substi-
tuent groups is deemed to be the number obtained by
dividing the Mn value of the polyalkene from which the
substituent is derived into ‘the total weight of the
substituent groups present in the substituted succinic
acylating agents. Thus, if a substituted succinic
acylating agent is characterized by a total weight of
substituent group of 40,000, and the ¥Mn value for the

- weight of substituent groups. For purposes of this .

polyalkene from which'the substituent groups are derived .

is 2000, then that substituted succinic acylating agent
is characterized by a total of 20 (40,000/2000=20)
equivalent weights of substituent groups. Therefore,
that particular succinic acylating agent or acylating
agent mixture must also be characterized by the presence
within its ~structure of at least 26 sdccinic groups to
meet one of the requirements ofﬂthe.succinic_acylating
agents used in thls 1nvent10n. “

Another requlrement for the substituted succin-
ic acylating agents is that the substituent groups must
have been derived from a polyalkene characterized by an
Mw/Mn value of at least 1.5. The upper limit of
Mw/Mn will generally be 4.5, Values of from 1.5
to 4.0 are particularly useful.

-

h



substituent group of 40,000, and the M value for the polyal kene from which
the substituent groups are derived is 2000, then that substituted succinic
acyl ating agent is characterized by a total of 20 (40,000/2000=20)
equi val ent weights of substituent groups. Therefore, that particul ar

" succinic acyl ating agent or acylating agent m xture nust al so be
characteri zed by the presence within its structure of at |east 26 succinic
groups to neet one of the requirenents of <4li%- succinic acyl ati ng agents
used in this invention. Another ‘requirenent for the substituted succin- ic
acylating agents is that the substituent groups nust have been derived
from a pol yal kene chara@pémaikﬁngﬁzhawmmgmtheahneandfManalaastdis@uss-

The upper |img40 r Y, e e f

1.5to 488 éP%gAratrleclﬁ "ﬁ}ge@‘% ar@ ‘?y ?ﬁeﬁgspﬁggxgﬁa %E%W: and

Mv val ues discusg- & abowyent;dna&m1prpcééuaes.andFoanebempdepas@me of
accord- ing nvent r h

. pol yal kenes ar ghgggcrﬁalg@i exerrp &é cr:.kBQ% géat en?mﬁiggzeg ih %S§ t he

| di scrdsure of Pﬁtgnﬁaﬂeﬁﬁ4n&3§1tanﬁathﬁsﬂkﬁ#%ﬂ#?éﬁk@ﬁethIQ Pétény rela-

i meorporat ed by ; pef gb- sBREC polyBAKURs SHEMepky '5&88? of3REA! BY! Yefe:r-

pol ybut enes, aré commerci al I'y "avai | Ferfe i ment ,
the  succinic BREBps wﬁﬁﬂeﬁﬁ' q%ﬁ(ﬁﬂ¥¥§%ﬁﬁﬁ?$o ?ﬁﬁe¢bih%YaPPéVPPt€PFﬁr

whrerein R and ggérboamerquuyyuyﬁgyyggméy selected fromthe group

coQsj sting of - | ower al and_ when taken toget R and R
arg’{o- In the Iatter E&se lﬁggﬁﬁEFiﬂcnﬁﬂ?%g¥m§ﬁ56|aneanﬁyﬁFP&éc
group. groups will normally correspond to the formula

-?H— C(O)R

CH2—C(O)R! (II)

wherein R and R'. are each independently selected from
the group consisting of -OH, -Cl, -O-lower alkyl, and
when taken together, R and R' are -O-. In the latter
case, the succinic group is a succinic anhydride group.
All the succinic groups in a particular succinic acylat-
ing agent need not be the same, but they can be the

- same. Preferably, the succinic groups will correspond
to '
=°
--?H—cioa —CH— c<
CH2—C ——OH or l (III)
-

- : X0 CH2—C
_ | . §§§o

(a) (B)

and mixtures of (III(A)) and (III(B)). Providing substi-
tuted succinic acylating agents wherein the succinic
groups are the same or different is within the ordinary



Al the succinic groups in a particular succinic acylat- ing agent need not
‘be the same, but they can be the sane. Preferably, the succinic groups
will correspond to [err] and m xtures of (II1I(A)) and (I11(B)). Providing
'substi- tuted succinic acylating agents wherein the succinic groups are the
sane or different is within the ordinary skill of the art and can be ..
acconpl i shed through conven- tional procedures such as treating the
substituted suc- cinic acylating agents &Qenselves (for exanple, hydrolyz-
ing the anhydride to the free acid or converting the free acid to an
-acid chloride with thionyl chloride) and/or sel ecting the approprlate

mal ei ¢ or fugpkhg rsfcfthea'&tz% a%:% é"hﬁéé’omﬂﬂ‘éﬂﬁi‘eﬂg 'K'fhst,‘?'h_ ent

nunber of succinic groups each equi val ent” wel

group in thetéeﬁéiltﬁFéﬁegﬁﬁﬁﬁﬂ(?qﬁﬂﬂﬁﬁlﬁﬁf%ﬁkﬂﬁ #hFJSQPSt1q¢k£®E§¢ﬁnn1
nunber generahhicwfahylaﬁtxnax @R th thenfddlves | Yol bsarﬁ%uent URyd ey zbe

1.4 succinic 8rou or each €qui val ent, wei ght of s group.. A

narrower rang gbagEB ofnbyarigie,i ke itheyr §regacid, o converting the

mor e SFECIfIEEééy acid tol. 4ni0atid chloanc:itm CER YD SChISE ide)
equi val ent

substi tuted §ﬂé2?ﬁ|§egF8§&§§Jﬁﬁzy é% %ﬁi& ﬁ@%ﬂﬂéion : ?%gr%gﬁ%%r and
identity - ofanSIGC|n|c groups for each equival ent melght of 'substltuent
g?\glrjggierlstzgltlbnf lcjntt{1 E%Bq:ﬁ%%clﬁésﬁro%ao\}ﬁ%c'hrﬁme su uen %Fo%%s aLe‘
deri ved. Thesvwetcinief gwougsa for each equivalent wexght of substitu-
ent group in the substituted succinic acylating agent is
1.3. The maximum number generally will not exceed
4. Generally the minimum will be 1.4 succinic
groups for each equivalent weight of substituent group.
A narrower range based on this minimum is at least
1.4 ¢to . 3.5, and more specifically 1.4 to
2.5 succinic groups per equivalent weight of
substituent groups.

In addition to preferred substituted succinic
groups where the preference depends on the number and
identity of succinic groups for each equivalent weight
of substituent groups, still further preferences are
based on the identity and characterization of the poly-
alkenes from which the substituent groups are derived.

Q)

The value of Mn is a

minimum of 1300 and a maximum of - 5000,
with an Mn value in the range of from

1500 to 5000 being preferred. A more pre-
ferred Mn value is one in the range of from - 1500
to 2800. A most preferred range of Mn values is
from 1500 to " 2400,

Before proceeding to a further discussion of
‘the polyalkenes from  which the substituent groups are
derived, it should be pointed out that these preferred



m ni mum of 1300- and a maxi mum of 5000, with

an M value in the range of from 1500 to 5000 bei ng
preferred. A nore pre- ferred M value is one in the range of from
1500 to 2800. A nost preferred range of Mi values is from

1500 to 2400. Before proceeding to a further discussion of the

pol yalkenes from which the substituent groups are derived, it should be
poi nt'ed out that these preferred -17- characteristics of the succinic
acyl ating agents are intended to be undersippd as being both independent
and dependent.. - They are intended to be independent in the sense that,
for exanple, a preference for a mnimumof 1.4 or 1.5 succinic groups per
equi val ent wei gHamdctetistidd uesf Ogthepssiuechnicti adylatiangor agehtlseiared

“val f M Th tended:-to_be d t

Yﬁag? ?or exaﬁ%ﬁgpwgﬁ%% r§¥%%éﬁ%%n7g °§ gpﬁgﬂgggoggelapéﬁeg §&§CP c
gr(r)ﬂl;ps j[s con?lduptndeﬂtnore They f?reeﬂntzehded 6 bb andé?ﬁnﬂhﬂhl’h’h,mt ehe
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fcgr red enbodi s%{s of e‘{}ﬁ%s %%lo g“féu’tlg %hépggéféﬂgepgpér@t W&lgﬂug' of
i ntended to stadnd aloxnelw tSuacaspmtgtmphepgareqanai.eparwaréghrt béi sgb-
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clearly denonstr ﬁe ent. |n. one enbodinent, when the M
pol yal kene is t (§Qﬁ°%4k9r%ﬁ%%93e1§ °°@Bbﬂﬁd1§65h Pﬁée pre-
: ferred values of Mn and/or Mw/Mn, the combination of

preferences does in fact describe still further more pre-
ferred embodiments of the invention. Thus, the various
parameters are intended to stand alone with respect to
the particular parameter being discussed but can also be
combined with other parameters to identify further pref-
erences. This same concept is intended to apply through-
out the specification with respect to the description of

- preferred values, ranges, ratios, reactants, and the
like wunless a contrary intent is clearly demonstrated or
apparent. '

In one embodiment, when the Mn of a polyalkene
is at the lower end of the range, e.g., about 1300, the
ratio of succinic groups to substituent groups derived
from said polyalkene in the acylating agent is prefer-
ably higher than the ratio when the Mn is, for example,
1500. Conversely when the ¥Mn of the polyalkene is
higher, e.g., 2000, the ratio may be lower than when the
Mn of the polyalkene is, e.g., 1500.

The polyalkenes from which the substituent
groups are derived are homopblymers and interpolymers of
polymerizable olefin monomers of 2 to 16 carbon
atoms; usually 2 to - 6 carbon atoms. The interpoly-
mers are those in which two or more olefin monomers are



ratio. of succinic groups to substituent groups derived from said pol yal kene
in the acylating agent is prefer- ably higher than the ratio when the M
is, for exanple, 1500. Conversely when the WM of the polyal kene is
hi gher, e.g.r 2000, the ratio may be | ower than when the M of the

pol yal kene is, e.g., 1500. The pol yal kenes from which the substituent
groups are derlved are honopol yners and i nterpol ymers of polynerizable %J

olefin nononers of 2 to 16 carbon atons; usually 2 to

carbon atoms. The interpoly- ners are tHse in which two or nore ol efin
nononers are I nterpol yneri zed according to well-known conventi onal

pr ocedur es to forn1 ol yal kenes havi.ng units wthin their structure

der i ved fr dRtekRAL e Shzed  \BCEPIAMRG okef | Weddmbmomn conwentional
"inter pO'Y”&iz(&éedux?és L@@dfaemepalyalkaﬁbssmhﬁh WAV Wthid SRl yTers,

tetrapolyners, and t As™ witl_ be parent to those o

ordi nary skiSYt qq???ﬁazﬂ?rlYﬁg pﬁF?&lkSﬁSQ Pfoﬁﬁ%ﬁlGWQJﬂ¥sﬂﬂiﬁ|°1Qﬁkmt N

groups are GRiromksy e offmis ponventeopallimerqbs™ @8l URed herein is '
"pol yol efin(s)",. The olefin moponers from which the pol yal kenes are derﬂVﬁd

are pol ymeri usiyer 9f AR eEﬁArSEFB%qymféé'bﬁeFﬁéﬂﬂlﬁﬂﬁﬁﬁy(ﬁane or *
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pol yneri zablg 4 |m is, olefins characterized by the
presence l:‘%dt‘ﬁl%‘lmra%as rcfjH ure o (%ﬂe group >C=CH2. - How ever,

polynerizable i nt er fhe olakefimprmorenefsoficomnwhich the polyalkenes
are derived are polymerizable olefin monomers character-

- ized by the presence of one or more ethylenically unsat-
- urated groups (i.e., >C=C<); that is, they are monoole-
finic monomers such as ethylene, propylene, butene-1,
isobutene, and octene-l or polyolefinic monomers (usual-
ly diolefinic_'monomers) such as butadiene-1,3 and iso-
prene. S _ _
_ These olefin monomers are usually polymerizable
terminal olefins; that is, olefins characterized by the
presence in their structure of the group >C=CH2. How-
ever, polymerizable internal olefin monomers (sometimes
~referred to in the literature as medial olefins) charac-
terized by the presence within their structure of the
group

~C=C=C~C -

can also be used to form the polyalkenes. When internal
olefin monomers are employed, they normally will be em-
ployed with terminal olefirfs- to produce polyalkenes
- which are interpolymers. For purposes of this invention,
when a partiéular polymerized - olefin monomer can be
classified as both a terminal- olefin and an internal



referred to in the literature as nedial olefins) charac- terized by the
presence within their structure of the group [err] can also be used to
formthe pol yal kenes. \Wen internal olefin nononers are enpl oyed, they
normally will be em ployed with termnal olefins to produce pol yal kenes
whi ch are interpolyners. For purposes of this invention, when a
particular polynerized olefin nonomer can be classified as both a
termnal olefin and an internal - -19- M(ﬁigh it will be deened to be a
termnal olefin. Thus, pentadiene-1,3 (i.e.,”piperylene) is deened to be a
termnal olefin for purposes of this invention. Wile the polyal kenes from
whi ch the substidyee SNt oroups: Pfpd feahiea! BhChBCK! BbERInageRlR A s/
general ly are hydrocarbon groups, they can contain non- hydrocarbon

substi t uent s .su@endadiene-lai kox(i.¢ onerpipyylesetapie, HApemedy, teer deptd,

nitro, halo, cy : baal kexy, XY gl JSUa r al koxy),
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substantially interfere Whil€ortle tpohyaikenessfibomi whieh &hecisubs tidiut
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groups normally w Il “naot “contribute nore a wei ght of the
total weight of SEReLsdlyal Iifes. hiFeearhan n3rouPRentheyncanncantadncmon-

non- hydr ocar bon pypdieddriboreNtgubd i tiSefPPar §8&ht has t hewekef akERIQMIGVer -
f Fom whi ch. t he ggkyalkenes are made can al so contain such sub%tltu- ents.
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except chloro alkanoyloxy, and the 1like provided the non-hydrocarbon
‘substituents do not substantially interfere with forma-

tion of the substituted succinic acid acylating agents

of this invention. When present, such non-hydrocarbon

'groups normally will not contribute more than about 10%

- by weight of the total weight of the polyalkenes. Since

the polyalkene can contain such non-hydrocarbon substitu-

ents, it is apparent that the olefin monomers from which

the polyalkenes are made can also contain such substitu-

ents. Normally, however, as a matter of practicality
and expense, the olefin monomers and the polyalkenes
— will be free from non-hydrocarbon groups, except chloro

groups which usually facilitate the formation of the
substituted succinic acylating agents of this invention.
(As used herein, the term "lower" when used with a chem-
-.ical group such as in "lower alkyl"™ or "lower alkoxy" is
intended to describe groups having up to 7 carbon
atoms). _ o
Although the polyalkenes may include aromatic
groups (especially phenyl groups and lower alkyl- and/or
lower alkoxy-substituted pkenyl groups such as para-
(tert-butyl)phenyl) and cycloﬁliphatic groups such as
would be obtained from polymerizable cyclic olefins or
cycloaliphatic substituted-polymerizable acyclic ole-



groups which usually facilitate the formation of the substituted succinic
acyl ating agents of this invention. (As used herein, the term"lower" when
used with a chem ical group such as in "lower alkyl"™ or "lower al koxy" is
i ntended to describe groups having up to 7 carbon atons). Although the

pol yal kenes may i nclude aromatic groups (especially phenyl groups and | ower
al kyl - and/or | ower al koxy-substituted phenyl groups such as para-
(tert-butyl)phenyl) and cycl oaliphatic groups such as woul d be obtained
from pol yneri zabl e cyclic olefins or cyclr@@- phatic

substi tuted-pol ynmeri zable acyclic ole- -20- fins, the polyalkenes
usually wll _ be free from_such grou al kenes

vertheless

derived from G- [ﬁﬂ%ﬂﬁﬁQ§Xﬁ Rﬁﬁ?FJ.Q§Qﬁ%£§s vl stbe eﬁéges EAMaSUGH: a-
di ene- ll 3 ?ndg&wﬁe OL N T dsdpt Yé&b‘fafll%mle@ffe?ﬁ@téatfeaﬁ iateli-s
general i zation ai n, becayse ar jc an cl oa atic.group
present, the (ﬂqg'f Lfon&fer q‘trtbmjvxﬂ#%r" p%rl'%aﬂi% e%r%“ﬁgeﬁﬁréﬂgéan
contain arorralaléeﬁad ,(zyc![a@m [ mﬁynen?rfmps pm(;epﬁ;}%ﬁhyl)%upslénéuged
succi nic acyl ating.agen -1). usefu . Drepayi e_cay boxylic_deriVa-_
Cive (B and SRORRRSHE heboate enera i QoefOh o aedter RoGRYpalARE . o
Zgggzs4gge rﬂmmmuqntamdzmdyqiuhkmphahmmriqmmupm ¢am euanEpeesehB, EhEe$L

| 0 e e
acyl ating age(:?tsféescr?&é[x)‘%gg nhﬁgtfél‘f l?é g“ﬁ%‘?%@%er%‘gédﬁgéggggd
contai ning s@@s condal |ﬁﬁﬂmﬁﬂi9|dn§i¢YQ#93¥QPQGF¥QHQEOUPQV|ng an Nh\\/
val ue of addition1300§dﬂhe500(bf the AbktAtuddd Mbﬂééi'ﬁlef acylatln& 5

to 4. In acylatihg agents described In
agents (B-1). useful in preparing the carboxy11c deriva-

tive (B) and methods for. preparlng such substituted
succinic acylating agents are known in the art and are
described ' in, for example, U.S. Patent 4,234,435, the
disclosure of which is hereby.incorporated by reference.
The acylating agents- described in the '435 patent are
characterized as containing substituent groups derived
from polyalkenes having an Mn value of 1300 to
5000 and an Mw/Mn value of = 1.5 to 4.

In addition to the acylating agents described in the
'435 patent, the acylating agents useful in the present
invention may contain substituent groups drived from
polyalkenes having an Mw/Mn ratio of up to 4.5.

There is a general preference for aliphatic,
hydrocarbon polyalkenes free.from'aromatic and cycloali-
phatic groups. Within this general_preference, there is
a further preference for polyalkenes which are derived
from the group consisting of'homopolymers and interpoly-
mers of terminal hydrocarbon olefins of 2 to 16
carbon atoms. This further preference is qualified by
the proviso that, while interpolymérs of terminal ole-
fins are usually preferred, interpolymers optionally
containing- up to = . 40% of polymer units derived from
internal olefins of up to : ;6_carbon atoms are also



435 patent, the acylating agents useful in the present invention may
contai n substituent groups drived from pol yal kenes having an MV Mh rati o of
up to 4.5. There is a general preference for aliphatic, hydrocarbon

pol yal kenes free fromaromatic and cycloali- phati.¢c.groups. Wthin this
general preference, there i's a further preference for polyal kenes which are
derii ved fromthe group consisting of honopol yners and interpoly- ners of
term nal hydrocarbon olefins of 2 to 16 carbon atons. This further
preference is qualified by the proviso thag- while interpolyners of
termnal ole- fins are usually preferred, interpolynmers optionally
containing up to 40% of polymer units derived frominterna
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can be used to prepare the p accord t'o conventl
wel | - known poFfPREAARANG: | GrP tt@chnl que825ﬁcqﬁrdeo !?e‘r'r'elt?)r‘éﬁﬂ%ﬁ@ from

bylene-|; but ¢aeeZnal 0IGFUINSNRE upErEEne- 1; @Gd@ﬂ@oxi atogstene-|;
gf:;t g(r;gml nonene- 1; de%eggg: nteneﬁﬁﬁ&ép Iene t- é gé nal ole-
yl ene; isobuty F Kt
pent adi ene- 1, Einpembadmers- 1 whiche ntoah -bearuaséd ﬂo psepawethéepemyamg-l
5, 2-chloro- bghgg'eQScordlng to conventional, well-known polymeriza-
tion techniques include ethylene; propylene; butene-1l;
butene~2; isobutene; pentene~l; hexene-l; heptene-1;
octene-1l; nonene-l; decene-l; pentene-2; propylene-tet-
ramer; diisobutylene; isobutylene trimer; butadiene-1,2;
butadiene-1,3; pentadiene#l,Z; pentadiene-1,3; pentadi-
ene-l,4; isoprene; hexadiene~1,5; 2-chloro-butadiene-
1,3; 2-methyl-heptene-l; 3-cyclohexylbutene-l; 2-methyl-
‘pentene-l; styrene; 2,4-dichloro styrene; divinylben-
zene; vinyl acetate; allyl alcohol; l-methyl-vinyl ace-
tate; acrylonitrile; ethyl acrylate; methyl methacryl-
ate; ethyl wvinyl ether; and methyl vinyl ketone. Of
these, the hydrocarbon polymerizable monomers are prefer-
red and of these hydrocarbon monomers, the terminal ole-
fin monomers are particularly preferred.

Specific examples of polyalkenes include poly-
propylenes, polybutenes, ethylene-propylene copolymers,
styrene-isobutene copolymers, isobutene-butadiene-1,3
copolymers, propene-isoprene copolymers, isobutene-chlor-
oprene copolymers, isobutene-(paramethyl)styrene copoly-
mers, copolymers of hexene-l with hexadiene-1,3, copoly-
mers of octene-l with hexene-l, copolymers of heptene-l
with pentene-l, copolymers of '3-methyl-butene-l with



1,3; 2-nethyl-heptene-1; 3-cycl ohexyl butene-1; 2-nethyl- pentene-|;
styrene; 2,4-dichloro styrene; divinylben- zene; vinyl acetate; allyl

al cohol ; 1-methyl-vinyl ace- tate; acrylonitrile; ethyl acrylate; -methyl

nmet hacryl - ate; ethyl vinyl ether; and nethyl vinyl ketone. O these, the
hydr ocar bon pol yneri zabl e nononers are prefer- red and of these hydrocarbon
nmononers, the termnal ole- fin nononers are particularly preferred. )
Speci fi c exanpl es of pol yal kenes include poly- propyl enes, polybutenes,

et hyl ene- propyl ene copol yners, styrene-i s@2«t ene copol yners,

| sobut ene- but adi ene-1, 3 copol yners, propene-isoprene copol yners,

| sobut ene-chl or- oprene copol yners, |sobutene3; ar anet hyl ) styrene copoly-
mers, copolynecseoﬁ-ﬂexeﬁ@ﬂoleﬂrﬁunﬂﬁﬂeﬁmﬁj. nekayl-pepteneflocwihb- 1
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prefer- red source of pol nes are uten
pol yreri zat i oandof 2084 ©ff | heptenedam Heas mrbu@%n% % cofit tapbutene

35 to  73%aRY W 9l @&1lohexene and 8% of propylene; and copoly-
mer of 80% of ethylene and 20% of propylene. A prefer-
red source of polyalkenes are the poly(isobutene)s ob-
tained by polymerization of . C4 refinery stream having
a butene content of . 35 to - 75% by weight and
an isobutene content of - 30 to- 60% by weight
in the presence of a Lewis acid catalyst such as alumin-
um trichloride or boron trifluoride. These polybutenes
contain predominantly (greater than - 80% of the
total repeating units) of isobutene (isobutylene) repeat-
ing units of the configuration

C)

CH3
|
 CH3.

, Obviously; preparing polyalkenes - as described
above which meet the various criteria for Mn and Mw/Mn
is within the skill of the art and does not comprise
part of the present inventiom. Techniques readily appar-
ent to those in the art include controlling polymeriza-
tion temperatures, regulating the amount and type of
polymerization . initiator _ and/or catalyst, employing



an isobutene content of 30 to 60% by weight in the
presence of a Lewis acid catalyst such as alumn- um trichloride or.boron
trifluoride. These polybutenes contain predom nantly (greater than

80% of the total repeating units) of isobutene (isobutylene) repeat- ing
units of the configuration [err] Qoviously, preparin.g polyal kenes as
descrj bed above which neet the various criteria for Mh and MV Mh is
witht'n the skill of the art and does ng% conprise part of the present

i nvention. .Techniques readily appar- ent™¢9% those in the art include
controlling polyneriza- tion tenperatures, regulating the anount and 'type

f I izat [, on:.. i0it] . d/ t.al yst, | oy . _-23- '
Cermnating orotih  Faiafheipgrcbrdipecn i Shey paime? ingkion proced |
Gt her convent iwney tawdni ghes 3ikke.asOther gpnvention:dludiethn Mpwesinsuch

trippi | .dat i vel hani cal | y_d di
P gh ol eeur ards net tEPeERY, fRafRuathes. sxSubn aRE RN 4 vy FfuRe
pol yal kenes caendl sandborisedxidatpvepyri og t hechapdicalliyedegrad ing high
acyheting agents) (Bid), %@i@fztnpé&?&lgcgﬁeab@éebq%?f{éebefﬁvﬁeoﬂ Yihfecelgr 'S
reacted with one or nore acidic reactants sel ect="e romthe group
consi sting of weight pelyakkenesreoant alsot beotuseds general fornul a

X(0) G- CH=CH C(O X' iy eLeha 4 1 ' A, '
her ei nbefore in Fornul an?. p“’%?é?é&aﬁﬂ% t%ﬁg%%féglt%@grﬁ%ﬁinrgfia r aéc?%s
il be one oragghts cBpblndeneoPFeBpsRdPEg the ahevemdasgcaribed polyalk-

F fQ'(?".:CHFC(Q% Jl.Sl reacted wivh BHe' 8rNmBrandcRaid &t tifd Wl dct -
efined in For a :
égj from the group consisting of maleic or fumaric react-

ants of the general formula
X (0)C~-CH=CH-C(O)X"* - (IV)

wherein X and X' are as defined hereinbefore in Formula
I. Preferably the maleic and fumaric reactants will be
one or more compounds corresponding to the formula

RC (0) -CH=CH-C(O)R' )

wherein R and R' are as previously defined in Formula II
herein. Ordinarily, the maleic or fumaric reactants
will be maleic acid, fumaric acid, maleic anhydride, or
a  mixture of two or more of these. The maleic reactants
are usually preferred over the fumaric reactants because
the former are more readily available and are, in gen-
eral, more readily reacted with the polyalkenes (or
derivatives thereof) to prepare the substituted succinic
acylating agents of the present invention. The especial-
ly preferred reactants are- maleic acid, maleic anhy-
dride, and mixtures of these. Due to availability and
ease of reaction, maleic anhydride will usually be em-
ployed.



her ei n. Ordinarily, the wmaleic or fumaric reactants will be naleic

acid, fumaric acid, nmaleic anhydride, or a mxture of two or nore of these.

The mal eic reactants are usually preferred over the funmaric reactants

because the former are nore readily available and are, in gen- eral, nore

readily reacted with the pol yal kenes (or derivatives thereof) to prepare _

the substituted succinic acylating agents of the present invention. The \g _
an

especial- |y preferred reactants are- naleic acid, naleic anhy- dride,
m xtures of these. Due to availability a¥#-ease of reaction, maleic
anhydride will usually be em ployed. -24- The one or nore polyal kenes

and one or nore maleic or fumaric reactants ﬁggl?e reacte ,accordiggv%f any
c

of several known proc®®#8re®N& RHerM%e prB9 fBeSubaPAL QREJ OLy
acyl ating aggghiajef bhe Wuakic ireatanwts canBpéi gdht¥ed GleoREdIngdWEs

Ucci ni ¢ anh3aYi dBS aAEVeERY KU BEPESSHERF 1iE JEGPE e RECARGRIDE
thereof excephpgRituted PEuiteies 40y19eing! eagenksof ofhe thel prezentare
replaced with the particul; ol kenes, described above and the amoynt >
mal ei ¢ or fukBVPBtEGHct ant 'betgﬁcﬂr?ﬁﬁﬁufﬁﬁrgrﬁsaﬁ QI8 Eg&Df  at- =
| east 1.3 supgbBedugesupuded dseh preparécthe higher molethdazubstigthtent
O on e B HiCBna Bl oy huRbyasent BBlURSE ditn-
herei naf ter. atindheanadeds i tthemedfi bexceptr stbatl thet podyalkemesss (gsmer I/
corr espondi nBoRgoREErle (it % RFLGE 0 8rE nCREST (EERTaRRES with the
particular polyalkenes described. above and the amount of
maleic or fumaric reactant used must be such that there
is an average of at least 1.3 succinic groups for each
equivalent weight of the substituent group in the final
substituted succinic acylating agent produced.

'For convenience and brevity, the term "maleic
reactant™ is often used hereinafter. When used, it
should be understood that the term is generic to acidic
reactants 'selected from maleic and fumaric reactants
corresponding to Formulae (IV) and (V) above including a
mixture of such reactants. \y)

One procedure for preparing the substituted
succinic acylating agents (B-1) is illustrated, in part,
in U.S. Patent 3,219,666 (Norman et al) which is express-
ly incorporated herein by reference for its teachings in
regard to .prepating succinic "acylating :agents. This
procedure is conveniently designated as the "two-step
procedure®. It involves first chlorinating the polyalk-
ene until there 1is an average of at least about one
chloro group for each molecular weight of polyalkene.

(For purposes of this invention, the molecular weight of
the polyalkene is the weight corresponding to the Mn
value.) Chlorination involves merely COntacting the
polyalkene with chlorine gas until the desired amount of



m xture of such reactants. One procedure for preparing the substituted
succinic acylating agents (B-1) is illustrated, in part, in U S. Patent
3,219,666 (Nornman et al) which is express- |y |ncorporated her ei n by
reference for its teachings in regard to preparing¥succinic acyl ating
agents. This procedure is conveniently designated as the "two-step
procedure”. It involves first chlorinating the polyal k- ene until there
is an average of at |east about one chloro_geggup for each mol ecul ar wei ght
of polyal kene. (For purposes of this invention, the nol ecul ar wei ght of

t he pol yal kene is the wei ght corresponding to the M value.)
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used, for exanple, a nole ratio

range _of 100°C to - 200°C. The mole ratio of
chlorinated polyalkene to maleic reactant is usually at
least .- 1l31l.3. - (In this application, a mole of

chlorinated polyalkene is that weight of chlorinated
polyalkene corresponding to the ¥n value of the unchlor-
inated polyalkene.) However, a stoichiometric excess of
maleic reactant can be used, for example, a mole ratio
of 1l:2. More than one mole of maleic reactant may react
~per molecule of chlorinated polyalkene. Because of such
situations, it is better to describe the ratio of chlor-
-~ inated polyalkene to maleic reactant in terms of equiva-
lents. (An equivalent weight of chlorinated polyalkene,
for 'purposes of this 'invention, is the weight corres-
ponding to the Mn value divided by the average number of
chloro groups per molecule of chlorinated polyalkene
- while the equivalent weight of a maleic reactant is its.
- molecular weight.)- Thus, the ratio of chlorinated poly-
alkene to maleic reactant will normally be such as to
provide at least 1.3 equivalents of maleic react-
ant for each mole of chlérggated polyalkene. Unreacted
excess maleic reactant may be stripped from the reaction
product, usually under vacuum, oOr reacted during a fur-
ther stage of the process as explained below.
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BERP- (Pal Tt gchnie ue can be repeated until the total

" number of succinic groups per equivalent weight of sub-

stituent groups reaches the desired level.

° Another procedure for preparing the substituted
succinic -acid acylating agents (B-1) utilizes a process
described in U.S. Patent 3,912,764 (Palmer) and U.K.
Patent 1,440,219, both of which are expressly incorpor-
ated herein by reference for their'teachings in regard
to that process. According to that ptocess; the polyalk-
ene and the maleic reactant are first reacted by heating
them together in a "direct alkylation" procedure. When
the direct alkylation step is completed, chlorine is
introduced intd.the reaction mixture to promote reaction
of the remaining unreacted maleic reactants. According
to the patents, 0.3 to 2 or more moles of maleic anhy-
dride are used in the reaction for each mole of olefin
polymer; i.e., polyalkene. The direct alkylation step
is conducted at temperatures of 180°C to 250°C. During

the Chlorine-introducing stage, a temperature of 160°C

to  225°C is employed. In utilizing this process to pre-

pare the substituted succimic acylating agents, it is
necessary to use sufficient maleic reaétant and chlorine
to ihcofpdrate at least _1.3 succinic groups into the
final product, i.e., the substituted succinic acylating

ut ed

acy Iat|n$ agents utilizes a process described in U S
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agent is hereby incorporated by reference. The one preferred process for
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standpoint  of effici @y, oneverpildferamorprocessl foe ppfép&ﬁm%e-tﬁé
t he
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standpoint of efficiency, overall economy, and the
performance of the acylating agents thus produced, as
well as the performance of the derivatives thereof, is
the so-called "one-step" process. This process is des-
cribed in U.S. Patents 3,215,707 (Rense) and 3,231,587
(Rense) . Both are expressly incorporated herein by
reference for their teachings in regard to that process.

Basically, the one-step process involves prepar-
ing a mixture of the polyalkene and the maleic reactant
containing the necessary amounts of both to provide the
desired 'substituted succinic acylating agents. This
means that there must be at least 1.3 moles of maleic
reactant for each mole of polyalkene in order that there
can be at least 1.3 succinic groups for each equivalent
weight of substituent groups. ~Chlorine is then introduc-
ed into the mixture, usually by passing chlorine gas
through the mixture with agitation, while maintaining a
temperature of at 1east'1400.

A variation on this process involves adding
.additional maleic reactant _during or subsequent to the
chlorine introduction but, for reasons explained in U.S.
Patents 3,215,707 and 3,231,587, this variation is pre-
sently not as preferred as the situation where all the
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can be used fo s purpdse: . _
' alkanes, cycloalkanes, and benzenes can be used for this
purpose.

Chlorine may 'be introduced continuously or
intermittently during the one-step process. The rate of
introduction of ‘the <chlorines is not critical although,
for maximum utilization of the chlorine, the rate should
be about the same as the rate of consumption of chlorine
in the course of the reaction. When the introduction
rate of chlorine exceeds the rate of consumption, chlor-
ine is evolved from the reaction mixture. It is often
advantageous to use a closed system, including superat-
mospheric pressure, in order to prevent loss of chlorine
and maleic reactant so as to maximize reactant utiliza-
tion. '

The minimum temperature at which the reaction
in the one-step process takes place at a reasonable rate
is - 140°C. Thus, the minimum temperature at which
the process is normally carried out is in' the neighbor-
hood of 140°C. The preferred temperature range is usual-

1y between 160°C and. -220°C. Higher tempera-
tures such as 250°C or even higher may be used but
usually with little advantage. In fact, temperatures in
excess of 220°C are often disadvantageous with respect
to preparing the particular acylated succinic composi-
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cient decomposition of any reactant or product such as
to interfere with the production of the desired pro-
ducts. : ' '
. In the one-step process, the molar ratio of
maleic Treactant to chlorine is such that there is at
. least one mole of chlorine for each mole of maleic
reactant to be incorporated into the product. Moreover,

for practical reasons, a slight excess, usually in the

neighborhood of - 5% to 30% by weight of chlor-
_ ine, is utilized in order to offset any loss of chlorine
~ from the reaction mixture. Larger amounts of excess

chlorine may be used but do not appear to produce any
beneficial results. '

As mentioned previously, the molar ratio of
polyalkene " to maleic reactant is such that there are at
least 1.3 moles of maleic reactant for each mole
of polyalkene. - This is necessary in order that there
can be at least 1.3 succinic groups per équivalent
weight of substituent group in the product. Preferably,
however, an excess of maleic reactant is used. Thus,
ordinarily - a 5% to 25% excess of maleic

~ reactant will be used relative to that amount necessary
to provide the desired number of succinic groups in the
product.
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wherein X and X' are as defined hereinbefore, and

(C) Chlorine
wherein the
at least 1.3 nmoles
wherein the number
the total weight
- the
least 0.2 mole (preferably
mole) of chlorine for
with (a),

at least

each mole of (B)'to be reacted
.said substituted acylating compositions being -

mole ratio of (A) (B) is such that there is
of (B) for each mole of (a)

of moles of (A) is the ‘quotient of
of (A) divided by the value of Mn and
amount of chlorine employed is such as to provide at

0.5

characterized by the presence within their structure of

at least 1.3_groups derived from (B) for

regardless of the process by
. Obviously, as discussed in
several processes are avail-
substituted succinic acylating

an average of
each equivalent weight of the substituent groups derived
from (A). |

. The terminology "substituted succinic acylating
agent (s)" is used herein in describing the substituted
succinic acylating agents
which they _ére produced.
more detail hereinbefore,
able for producing the
agents. On the other hand, the terminology

"substituted
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ula. In fact, mixtures of products are inherently pres-
ent. For purposes of brevity, the terminology "acyl-
ating reagent(s)" is often used hereafter to refer, col-
lectively, to both the substituted succinic acylating
agents and to the substituted acylating compositions
used in this invention. . _

The . acylating reagents described above are
intermediates in processes for preparing the carboxylic
‘derivative compositions (B) comprising reacting one or
more acylating reagents (B-l) with at least one amino

: compound (B-2) characterized by the presence within its
~ structure of at least one HN< group..

The amino compound (B-2) characterized by the
presence within its structure of at least one HN< group
can be a monoamine or polyamine compound. Mixtures of
two or more amino compounds can be used in the reaction
with one or more acylating reagents of this invention.
Preferably, the amino 'Compound contains at least one
primary amino group (i.e., =-NH2) and more preferably

) the amine * is a polyamine, especially a polyamine
containing at least two -NH= groups, either or both of
which are primary or secondary amines. The amines may
be aliphatic, cycloaliphatic, aromatic, or heterocyclic
amines. = The polyamines not only result in carﬁoxylic
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' group. ' The amines. can Dbe aliphatic, cycloaliphatic,
aromatic, or heterocyclic, including aliphatié-substi-
tuted cycloaliphatic, aliphatic-éubstituted aromatic,
aliphatic-substituted heterocyclic, c¢ycloaliphatic-sub-
stituted aliphatic, cycloaliphatic-substituted  hetero-
cyclic, .aromatic-substituted aliphatic, aromatic-substi-

- tuted cycloaliphatic, aroﬁatic-substituted heterocyclic,
heterocyclic-substituted- aliphatic, heterocyclic-substi-
tuted alicyclic, and heterocyclic-substituted aromatic
amines and may be saturated or unsaturated. The amines =
may also contain non-hydrocarbon substituents or groups
as long as these groups do not significantly interfere
with the reaction of the amines with the acylating
reagents of this invention. Such non-hydrocarbon substi-
tuents or groups include lower alkoxy, lower alkyl mer-
capto, nitro, interrupting groups such as -0- and -S-
(e.g., as in such groups as =CH2-, CH2-X-CH2CH2-
where X is -0- or -S=). . S :

With the exception of the branched polyalkylene
pquaming,: the polyoxyalkylene polyamines, and the high
molecular weight hydrocarbyl-substituted amines describ-
ed more fully hereafter, the amines ordinarily contain
less than - -40 carbon atoms in total.and usually not
more than 20 carbon atoms in total.
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usual |y not nolgkéban The totad Q@mb@ﬂ'&ﬁpmhﬂbbﬂ(ﬁﬁﬁms in-BResd apiphasc
nonoam nes |ncLude nMoNo- allphathglind al%ﬂpat'¢3ﬁ¥9§t'tUted anlfy not

wherein the al bﬁatpenoamlnes as mertfone ore, norm
exceed 40 and usually not exceed 20 carbon
atoms. Specific examples of such monoamines include

ethylamine, diethylamine, n-butylamine, di-n-butylamine,
allylamine, isobutylamine, cocoamine, stearylamine, laur-
ylamine, methyliaurylamine,' oleylamine, N-methyl-octyl-
amine, dodecylamine, octadecylamine, and the like. Exam-
ples of cycloaliphatic-substituted aliphatic amines, aro-
matic-substituted aliphatic amines, and heterocyclic-sub-
stituted aliphatic amines, include 2-(cyclohexyl)-ethyl-
amine,  benzylamine, phenethylamine, and 3-(furylpropyl)
amine.

Cycloaliphatic monoamines are those monoamines
wherein there is one cycloaliphatic substituent attached
directly to the amino nitrogen through a carbon atom in
the cyclic ring structure. Examples of cycloaliphatic
monoamines include c¢yclohexylamines, cyclopentylamines,
cyclohexenylamines, cyclopentylamines, N-ethyl-cyclo-
hexylamine, dicyclohexylamines, and the like. Examples
of aliphatic-substituted, aromatic-substituted, and het-
erocyclic-substituted cycloaliphatic monoamines include

_ propyl-substituted cyclohexylamines, phenyl-substituted
cyclopentylamines, and pyranyl-substituted cyclohexyl-
amine.



groups can be saturated or unsaturated and strai ght or branched chain.
Thus, they are primary or secondary aliphatic am nes. Such am nes

i nclude, for exanple, nono- and di-al kyl -substituted am nes, nono- and di -
al kenyl -substituted am nes, and am nes having one N-al - kenyl substituent

and one N-al kyl substituent and the Iike. The total nunber of carbon ,
atons in these alipha- tic nonoamines will, as nentioned before, nornmally/
not exceed 40 and usually not-ggsceed 20 carbon at ons.

Specific exanples of such nonoam nes include ethylam ne, diethylan ne,
n- butyl am ne, di-n-butylam ne, allylamne, isobutylam ne, cocoam ne,

stearyl am ne, |aur- yAmae;cheah\ih-zle@JrMoarﬁdee,tlwswlmmmésrewmteect yl -
am ne, ‘dodecyl ami ne, tadec¥lan1n 3WF t he

cycl oal i phath®- s’%bs‘fﬁ Bd &FPPhaltc ene?”e?@ﬁ“%tﬁ’tf‘%@%ﬁ?ﬁ‘f’éﬁ is
aliphatic araﬁﬁch@md dhf,‘tef:ﬁ(tycl u:@ Sthe sming eﬁtadog@mt i CTlaeni aesmatic| ude

Py by Ans i * o RRaadr R AR A AR e (i reer
wherei n therane s dmmqul ﬁabmpbelmzena)bhutt R quardaeoEwBedacatqmablc he .
o Cycroal | ndar oftde £R100T (BELR Wb NRE NG IR IILEL L et T o
cycl ohexenyl|pkesiesof ayemapentymamnes quiwde:ﬁmim@xﬁamma- -
S O LR ek, A Pl e phe,
nonoani nes ians uddlﬁ)rb-p‘ye-susyﬁmlleéd ofy aldpbahisnsibs M@éz se¥eiPTuted
cycl opent yl ai {}isat FE0s iy 8RELERAGS i t WnRd CY Hetarodyc Bit Aubs ti t fed
aromatic monoamines are para-ethoxyaniline, para-dodecyl-
aniline, cyclohexyl-substltuted naphthylamine, and thien-
yl-substituted aniline..
Polyamines are aliphagic,- cycloaliphatic and
aromatic polyamines analogous 'to_ the above-described
monoamines except for the presence within their struc-

ture of additional amino nitrogens. The additional
amino nitrogens can be primary, secondary or tertiary
amino ni;rogens. - Examples of such polyamines include
N-amino-propyl-cyclohexylamines, N,N'-di-n-butyl-para- -
phenylene diamine, bis-(para-aminophenyl)methane, 1,4- /

diaminocyclohexane, and the like.

. Heterocycic mono- -and polyamines can also be
used in making the carboxylic derivative compositions
(B). As used  herein, the terminology "heterocyclic
mono- and polyamine(s)"™ .is intended to describe those
heterocyclic amines ‘containing at least one primary or
secondary amino group and at least one nitrogen as a
heteroatom in the heterocyclic ring. However, as long
as there is present in the heterocyclic mono- and poly-
amines at least one primary or secondary amino group,

_the hetero-N atom in the ring can be a tertiary amino
nitrogen; that is, one that does not have hydrogen



Aromatic am nes include those nonoam nes where- in a carbon atom of
the aromatic 'ring structure is attached. directly to the am no nitrogen.
The aromatic ring wll usually be.a nononuclear aromatic ring (i.e., one
derived from benzene) but can include fused aromatic rings, especially

t hose derived from napht hal ene. Exam ples of aromatic nonoam nes

I ngl ude aniline, di(para- nethylphenyl) amne,. naphthylam ne,
N-(n=butyl)aniline, and the-like. Exanples of al:i:phatic-substituted,

cycl o- "al i phatic-substituted, and héﬁ%?bcyclic-substituted aromatic
nonoam nes are para- ethoxyaniline par a- dodecyl - aniline,

| oh I b t hth d thi l bstit
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nltrogens Bapheles aldly sucil kenykum acgl i nelkaieyl, or aralkyl substi-
ahi'no- pr opy| ygugghexy! Reca11y, AL fheds Diabe PO cREBBK! E88ns, in

d1an1ne bi s- (par a- an1nophe , 4- di am noc exane, an
i ke. Fbterocy&h? tlﬁﬂﬁﬂt%xﬂééﬂnnﬁ% ‘exceed| 9. be used Hﬁtﬁﬁkpﬂslﬂﬁe

carboxylic der iayaiiese WO%&d% ( IEﬁet:ex:o'A*Satd»'lii@d ofBegi Ehant HQtrogen,
ter m nol ogy "heterocycl.ic nmono- ﬁyﬁi ne s)" is.int descCri be
t

ndae
those het er ocy &SRR RFHEEMi §? oned BY%HBF?YthSXCSﬁBaF9n'
amno group aadn atmoﬂeeaaiha:maaﬂ& trmgmgaﬁ Beteter 886R0 | Pheh€ive- and

mono. and pol y SikrmeRbered dikke SRy EFicor vien “aBE cRESFSEPERr o o oup. the.
hetero-N atom in theAmany(xﬁhémesuitablaryhahenocyclxogenarethatirﬁs,
one that - doeg;naQ!, NAMK I HWEMzolidines, tetra- and di-hydro pyri-
dines, pyrroles, indoles, piperidines, imidazoles, di-
and tetrahydroimidazoles, piperazines, isoindoles, pur-
ines, morpholines, thiomorpholines, N-aminoalkylmorpho-
lines, N-aminoalkylthiomorpholines, N-aminoalkylpiper-
azines, N,N'-di-aminoalkylpiperazines, azepines, azo-
cines, azonines, azecines and tetra-, di- and perhydro
derivatives of each of the above and mixtures of two or
_ more of these heterocyclic amines. Preferred hetero-
L - cyclic amines are the saturated 5- and 6-membered hetero-
cyclic amines containing only nitrogen, oxygen and/or
sulfur in the hetero ring, especially the piperidines,
'piperazines, thiomorpholines, morpholines, pyrrolidines,
and the like. Piperidine, aminoalkyl-substituted piperi-
dines, piperazine, aminoalkyl-substituted morpholines,
-pYrrolidine, and aminoalkyl-substituted pyrrolidines,
are especially preferred. Usually the aminoalkyl substi-
- tuents are  substituted on a nitrogen atom forming part
of the hetero ring. Specifig examples of such-heterocYc-
lic amines include N-aminopropylmorpholine, N-aminoeth-
ylpiperazine, and N,N'-di-aminoethylpiperazine.



-35- attached directly to the ring nitrogen. Heterocyclic am nes can be
saturated or unsaturated and can contain various substituents such as
nitro, al koxy, alkyl mer- capto, alkyl, alkenyl, aryl, alkaryl, or aral kyl
substi- tuents. Generally, the total nunber of carbon atons in the
substituents will not exceed 20. Het erocyclic am nes can contain
hetero atonms other than nitrogen, especially oxygen and sulfur. Obviouslyy
they can con- tain nore than one nitroggRghetero atom The five- and

si x-menbered heterocyclic rings are preferred. Anmong the suitable
heterocyclics are aziri- dines, azetidines, azolidines, tetra- and di-hydro

pyri- dines, pyrrolegsy drb§9déﬂbstﬂ¥d¥%d(ﬁdﬁﬁh éﬂﬂdﬁéﬂ&&ﬁlngb aﬂglo-

tetrahydr0|n1dazoles g erdazi nes, 1solnd ur-_Tnes, norpholines,
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azo- cines, -azQni_nes, azecines and tetra-, di- per hydro derivati ves of

each of ‘the Xb86d aﬁheﬁleGP&§¥ﬁ tﬂ&)(ﬂeqﬁﬁeaQﬂetPE%@@ﬁ%t@Foﬁ?EPPéaéﬁlng@.
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cycllc am nes,cont ai ni,.n nltro en ox gen and/or sul fu the hetero
ring, espeC|§FP§YthémngerP& ogen, H s ﬂBY?ﬁE¥T
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N, N - di - ani noathohpi pbomzi pgher than a carbonyl carbon atom; that is,
they have hydroxy groups capable of functioning as alco-
"hols. Examples of such hydroxy-substituted amines in-
élude ethanolamine, di-(3—hyd;oxyprole)-amine, 3-hy-
droxybutyl-amine, 4-hydroxybutyl-amine, diethanolamine,
di-{Z—hydroxypropyl)-amine; N-(hydroxypropyl) -propyl-
amine, - N-(2-hydroxyethyl)-cyclohexylamine, ‘3-hydroxy-
cyclopentylamine, parahydroxyaniline, N-hydroxyethyl
piperazine, and the like.

Hydrazine and substituted-hydrazine can also be -
used. At least one of the nitrogens in the hydrazine
must contain a hydrogen directly bonded thereto. Prefer--
ably there are at least two hydrogens bonded directly to
hydrazine nitrogen and, more preferably, both hydrogens
are on the same nitrogen. The substituents which may be
present on the hydrazine include alkyl, alkenyl, aryl,
aralkyl, alkaryl, and the like. Usually, the substitu-
.ents are alkyl, especially lower alkyl, phenyl, and sub-
stituted phenyl such as lower alkoxy substituted phenyl
'or lower alkyl substituted phenyl. Specific examples of
‘'substituted hydrazines are methylhydrazine, N,N-dimeth-
yl-hydrazine, N,N'-dimethylhydrazine, phenylhydrazine,
N-phenyl-N'-ethylhydrazine, N=-(para-tolyl)-N'-(n-butyl)-



-36- Hydroxy-substituted nono- and pol yam nes, analo- gous to the nono-
ahnd pol yam nes descri bed above are al so useful in preparing carboxylic
derivative (B) pro- vided they contain at | east one primary or secondary
am no group. Hydroxy-substituted am nes having only ter- tiary am no
nitrogen such as in tri-hydroxyethyl am ne, are thus excluded as am ne
reactants but can be used as al cohols in preparing conponent (E) as

di stosed herein- after. - The hydroxy-supstituted am nes contenplated are
t hose havi ng hydroxy substituents bonded directly to a carbon atom ot her
than-a carbonyl carbon atom that is, they have hydroxy groups capabl e of
functioning a : | Sq (s c - Sttt ¢ I_nes
i n- clude 'e'fhhl?no alrrrigrﬁ'e?N %?a%%%?(%&?%{%%vl gygﬁgﬁg%&g'?ﬁhz?a&% et

dr oxybut yI - aniBhenyk inNrrsghivt yhydraninedi et NaNordaipara-chlorophenol) -

di - (2- hydr oxy Hydvd iy ne,N- hyeyeX¥RELPYhyd - amah@,
N-(2-hydroxyethxﬁ%;c;g?%hexylgﬁﬁﬁ%fkﬁ 3€%ydroxy? %%CFSSE%F§IagF%g, _the
parahydroxyanﬁ* ! N- hydr oxyet hyl piperazine, and the |ike. Hydrazine
and“subst i t ut ed- hydr aziTife cailigh SomdPecsbar wefyht! Rgdrocarbydf amifes,

m trogens in %ﬂﬁ¥Pde?ZEPe must contain hﬁdrogen LI ctl¥ gonded t her et o.
Prefer- ably ore ARUETEEY (I hy&?g&% 0BB8ARBLER BT P& BSﬁ?dlaéﬁ ne
ni trogen and, gesrexglrlef erptdpardabt tbynyreagbingaaechhborinatede polyodgfin The
substituents whj Jﬁgﬂay b o] ydrazi [ de al kylyan2 I,
anyl, aralkyl W\g car yﬁ , %g\%rl P‘ﬂéei]&h%suéﬂel y,get %ggégbst I tu- 4gr?t ?ﬁ.‘%@é

al Kyl , ‘especi @anmpnig\eron| l@ringhenjich samined- asei known pnethpe arshand

| ower al koxy %é@%ﬁtugﬁd AV ePhmp DI %kyb.éU'bﬁ_a't&H&%d.Rgzie;%{sﬁ48%@fiC

exanpl es of suybstituted hydrazines are,nethgggydra2|ne,

yl - hydr azi ne, EFE &L PRET mettRhy R&ziWeichpn h§¥PESPRaY incorporated

herein by reference for their disclosure in regard to
how - to prepare these amines. All that is required for
use of ‘these amines is that they possess at least one
primary or secondary amino group. _

Suitable amines also include polyoxyalkylene
polyamines, e.g., polyoxyalkylene diamines and polyoxy-
alkylene triamines, having average molecular weights

ranging from 200 to 4000 and preferably from
| 400 to 2000. Illustrative examples of these polyoxyal-
o kylene polyamines may be characterized by the formulae
NH2-Alkylene—{—O-Alkylene-—3mNH2 (VI)
wherein m has a value of 3 to 70 and preferably
10 to 35.
R—{-Alkylene—{ O-Alkylene—nNH2) 3-6 (VII)

-wherein n is such that the‘Fotal value is from 1

to 40 with the proviso that the sum of all of the n's is
from 3 to 70 and generally from 6 to
35 and R 1is a polyvalent saturated hydrocarbon



N- phenyl - N - et hyl hydrazi ne, N-(para-tolyl)-N -(n-butyl)- -37- hydrazi ne,
N- (par a-ni trophenyl ) - hydrazi ne, N-(para-nitro- phenyl)-N nethyl-hydrazine,
N, N - di ( para-chl orophenol ) - hydrazi ne, N- phenyl - N - cycl ohexyl hydr azi ne,
and the |like. The high nol ecul ar wei ght hydrocarbyl am nes, both
nono- am nes and pol yam nes, which can be used are generally prepared by .
reacting a chlorinated polyolefin having a nolecular weight of at

| east 400 wi th anmmoni a or anmi ne_zguch amnes are known in the art
and described, for exanple, in US.-Patents. 3,275,554 and 3, 438, 757,
both of which are expressly incorporated herein by reference for their

di scl osure i nrgagead t@soyg o hQ'I %@rcﬁhfﬁm%@dﬂté‘%avﬂlé éhﬁéléﬁcéegﬁl sed
for use of these %nlnes IS that t hey possess at |east on grlnar

secondary ami &8 glfoup. She AHkyLARGSFMURD W%I%émw aPkyPER gched
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havi ng averag% nnleiul rowel

preferably fr&HPR00 ° & A q'f Lr%q"%1 ;ﬁé?awje%u%fa}m%%nﬁog§8ﬁgﬁl :
kyl ene pol yanpresenty lwd ttHar a@mm& by(the dmd n{VEE) may be the same
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s from era
and R is. aPpBRFvarBRt ‘SdeuRalMORERIQREY qnﬁ]trlamlnes having average

molecular weights ranging £from 200 to 2000. The
polyoxyalkylene polyamines. are commercially available
and may be obtained, for example, from the Jefferson
Chemical Company, Inc. under the trade name "Jeffamines
D-230, D-400, D-1000, D-2000, T-403, etc.". '
U.S. Patents 3,804,763 and 3,948,800 are expres-
sly incorporated herein by reference for their disclo-
sure of such polyoxyalkylene polyamines and process'for
acylating. them with carboxylic acid acylating agents
which processes can be applied to their reaction with
the acylating reagents used in this invention. -
The most preferred amines are the alkylene \“
polyamines, including the polyalkylene polyamines. The
alkylene polyamines include those conforming to the

formula
R3~N-(U-N)n-R3 (VIII)
{ ] :
R3 R3
wherein n is from 1 to 10; each R3 is independ-

ently a hydrogen atom, a hyirocarbyl group or a hydroxy-
substituted or an amino-substituted hydrocarbyl group
having up to - 30 atoms, with the proviso -that at
least one R3 group is a hydrogen atom and U is an



-38- radical of up to 10 carbon atons having a valence of 3 to 6. The
al’kyl ene groups .may be straight or branched chains. and contain from1l to
7 carbon atons and usually from 1 to 4 carbon atonms. The various

al kyl ene groups present wthin Fornulae (VI) and (VIl1) nay be the sane

or different. The preferred pol yoxyal kyl ene pol yam nes i ncl ude the.
poliyaoxyet hyl ene and pol yoxypropyl ene di a- m nes and the pol yoxypropyl ene
trlﬁﬂﬁ nes having average nol ecul ar wei ghtgg.ranging from 200 to

2000. The pol yoxyal kyl ene polyamnes are comercially available and
may be obtained, for exanple, fromthe Jefferson Chem cal Conpany, Inc.

under the-t radsm?msnngszag‘ BgS D-230,2 100, D WQPQadedP Ok onls 40Bref -
etc.". US. Patenis 3,804 3. and 3, 948, 800 are expres- s]y. incorporated

herein by r ef eREABLYf oF iRePEhyileney OLs RLORHL %ﬂﬁﬁ1[ﬁﬁ%ﬂﬁ@%ﬂk&lﬁ#ﬁferred
pol yam nes andap&ocgne fankgiléhét' 1y Inds h vﬁtfﬂz@@’ddh? K3 ik apnfch eng

agents whi ch processes e applied to their e ctlon wih th atl ng
reagent s used éﬁ EiYs |ﬁyaﬁPESH Pfe aRps@AMIRQS 41 X %%i
al kywene pol yagroep, i wikthdi Rbet hetmllseaielwlpﬁlqrmw reasd Hmaikeéeoe
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i ndepend- ent|yiklhylavgenaat oaveaagedvadaehyf @mlp o ta 'h.ydroxy-
bstituted 3 t |

R e e Poiyadine, |

atom and U |se§hylene polyamines, butylene po yamlnes, propylene
polyamines, pentylene polyamines, hexylene polyamines,
heptylene polyamines, etc. The higher homologs of such
amines and related amino alkyl-substituted piperazines
are also included. ' '

Alkylene polyamines useful in preparing the
carboxylic derivative compositions (B) include ethylene
diamine, triethylene tetramine, propylene diamine, tri-
methylene diamine, hexamethylene diamine, decamethylene
diamine, hexamethylene diamine, decamethylene diamine,
octamethylene diamine, di(heptamethylene) triamine,
tripropylene tetramine, tetraethylene pentamine, trimeth-

o/ ylene diamine, pentaethylene hexamine, di(trimethylene)-
triamine, N—(2-aminoéthyl)piperazine, l,4-bis(2,aminoceth-~
yl)piperazine, and the 1like. Higher homologs as are
obtained by condensing two or more of the above-illus-
trated alkylene amines are useful, as are mixtures of
two or more of any of the afore-described polyamines.

- Ethylene ' polyamines, such as those mentioned
above, are especially useful for reasons of cost and

effectiveness. Such polyamines are described in detail
under the heading "Diamines and Higher Amines" in The
Encyclopedia of Chemical Technology, Second Edition,
RKirk and Othmer, Volume 7, pages 27-39, Interscience
Publishers, Division of John Wiley and Sons, 1965, which



-39- al kyl ene group of 2to 10 carbon atons. Pref- erably U
i S ethylene or propylene. Especially preferred are the al kyl ene pol yam nes
where each R3 is indepen- dently hydrogen or an am no-substituted
hydr ocar byl group, with the ethyl ene pol yam nes and m xtures of ethylene
pol yam nes being the nost preferred.. Usually n will have an average val ue
of from2 to 7. Such al kyl ene pol yam nes i ncl ude net hyl ene pol yam ne, -
et hyl ene pol yam nes, butyl ene pol yantéles, propyl ene pol yam nes,
pentyl ene pol yani nes, hexyl ene pol yani nes, heptyl ene pol yani nes, etc. The
hi gher honol ogs of such am nes and rel ated am no al kyl -substituted
pi per azi nes ariks albereby| uindorpbkatede byl yefenencessow the Gigadaskre he

car boxylic deréfatdé/gflﬁ)npogg?_%hﬂggeg@ sgghu@gm%h&hggﬁe&l gjpégarea most

triethyl ene tetrtamne amne, tri
hexamet hyl ene eonyemtenttyankyhytbee grastion h@ﬁané@hﬂ Lkydeneyahioride

decaret hyl ene i &l Ngnnfii 8TebEYbNPeactidhl B2 an debhaRmiadenAlth a

triamne, tripropylene tetramne, “tetraethyl ene peqtanlne trimet h- Ien&,
di ami ne, pent aeiRgtePRN IR anFRAIERE( | BRFD; AP ERBPNiAN gtCre These reac-
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I nt ersci ence ston of ‘John Wley and Sons, whi ch
' pure alkylene polyamines.. : _

Other useful types of polyamine mixtures are
those resulting from stripping of the above-described
_polyaminé mixtures. In thisiinstance, lower molecular
welght polyamlnes_ and volatile contaminants are removed
from an alkylene polyamine mixture to leave as residue

what is often termed pglyamlne bottoms". In general,
aikylene polyamine bottoms can be characterized as
having 1less than two, usually less than 1% (by weight)
material b0111ng below '_ 200°C. In the instance of
ethylene polyamlne bottoms, Wthh are readily available

| and found to be quite useful, the bottoms contain less
than - 2% (by_ weight) total diethylene triamine
(DETA) or triefhylene tetramine (TETA). A typical sample
of _suéh ethylene polyamine bottoms obtained from the Dow
Chehical Company of Freeport, Texas-designated "E-100"
showed a specific gravity at 15.6°C of 1.0168, a percent
nltrogen by welght of 33.15 and a viscosity at 40°C of
121 centlstokes. Gas thomathraphy analysis of such a
sample showed it to contain about 0.93% "Light Ends"
(most probably DETA), 0.72% TETA, 21.74% tetraethylene
pentamlne and 76 61%. pentaethylene hexamine and highgr

O



-40- is hereby incorporated by reference for the disclosure of useful
pol yam nes. Such conpounds are prepared nost conveniently by the
reaction of an alkylene chloride with anmonia or by reaction of an
ethylene imne with a ring-opening reagent such as ammonia, etc. These
reac- tions result in the production of the sonewhat conplex m xtures of
al kyl ene pol yam nes, including cyclic conden- sation products such as
pi perazi nes. The m xtures are particul arkygi-useful in preparing the
carboxylic deriva- tives (B) of this invention. On the other hand,
quite satisfactory products can also be obtained by the use of pure
al kyl ene polyanbyesweigheo. usemwesd)akkyleﬂe pnﬂyamdn&ebbttum931nceuabose
resulting from E ﬂ% the abov scrib am ne _m xtur

° FBEEH

€S.
In this mstan%%c f‘Swe d‘lm\/verpd:f?t qu; sS/arﬁ Vot ReFfgine and
cont am nants ahighenovednéilogs anofaluweahqunﬂ3uﬂnrumin«;urEriethymaneas

resi due what am ne bottons" I n general, alkylene
pol yam ne bott%ﬁﬁgﬁigﬁ ahg n@%a}égférlzed as haV|ng Iesg t han tmo, Y :
usuaHly less than 1@6(b?haséghaﬁkydmmeepquamﬂneupoﬂnnmchan be réacted
In_the instanc e 1§ 5 t &' I |l e
and found togogélg %@gsg %%?ﬁ'%%bll?ﬁa o'ntal nmrffess %g yhgv%iﬁg
(by weight) m@qtant:u ecnysoﬁsSt elsauemea(lﬂymf alhylmmwmameneamhe
STETA). A typi sanple uc t hylee t am
gh._,D)ow Che)r/npcg?'h%o npk E gr e(tn}gaglrt16 Te%isf?o natﬂg{}I @ﬁ%%’ giﬁé]v\g g
specific graV|@W1%?s[er¢f éiCQhG §8°faﬂﬁéﬁ@ém§|ﬁ QRﬁRﬁ]tﬁPVﬁ#?ﬁ@ batisris
and a Vviscosi tyagés408€ Oleddt ofRlI AAMRS. redAaRICURILISSPN1RPBENET S

of such a sanple, showed it to contain about 0. 93@6"L|ght Ends™
polyamine bottoms. :

Hydroxylalkyl alkylene polyamlnes hav1ng one or
more hydroxyalkyl substituents on the nitrogen atoms,
are also useful in preparing derivatives of the afore-
described olefinic carboxylic acids. Preferred hydroxyl-
alkyl-substituted alkylene polyaminesiare those in which

. the hydroxyalkyl group is a lower hydroxyalkyl group,
i.e., having 1less than eight carbon atoms. Examples of
such hydroxyalkyl-substituted polyamines include N-(2-
hydroxyethyl)ethylene diamine,N,N-bis (2-hydroxyethyl)
-~/ ethylene diamine, 1l-(2-hydroxyethyl) piperazine, mono-
hydroxypropyl-substituted diethylene triamine, dihydroxy-
propyl-substituted tettaethylene pentamine, N-(2-hydroxy-
butyl)tetramethylene diamine, etc. Higher homologs as
are obtained by condensation of the above-illustrated
hydroxy alkylene polyamines through amino radicals or
- through hydroxy radicals  are likewise useful as (a).
- Condensation through amino radicals results in a higher
amine accompanied by removal of ammonia and condensation
through the hydroxy radicals results in products contain-

ing ether linkages accompanied by removal of water.

Other polyamines (B-2) which can be reacted
with the acylating agents (B-1l) are described in, for



(nmost probably DETA), 0.72% TETA, 21.74% tetraethyl ene pentam ne and
76.61% pent aet hyl ene hexam ne and hi gher -41- (by weight). These
al kyl ene pol yanm ne bottons include cyclic condensation products such as

pi perazi ne and hi gher anal ogs of diethylene triamne, triethylene
tetram ne and the |ike. These al kyl ene pol yam ne bottons can be reacted ..
solely with the acylating agent, in which case the am no reactant consi
essentially of alkylene polyam ne bot- tong, or they can be used with other
am nes. and poly- am nes, or alcohols or xt ures thereof. In these latter
cases at | east one am no reactant conprises alkylene pol yam ne bottons.
Hydroxyl al kyl _gl.kyl,ene lya V. r r a

substituents 8% F’*ﬁrﬂ t?lbggfsve rﬂa{];eeﬁ%é?ajr gﬁa ngt;eﬁse uI Eﬁ] Q§§h§}{h these
derivatives opateatsafomare ddenebied mqmmnat%d bd&yl |ceéereacepfetethed

hydr oxyl - alkﬁksﬁ&%ﬁh%% t%& éﬂ#&? R NERe fé£nl hose in which the
hydr oxyal kyl gioup 1s"a ) group I.e., _having |less than
ei. ght carbon atoms. Eﬂ&mphﬁanho fﬁ&ﬁkﬁ@%&?@l°%%5@$4th9§§ &praﬁpnq_/

i nclude N-(2- gg %ox sty AL ating Ji Adadénts N(BLES 2ahd dEQ¥Y BhiNb)

et hyl ene dlan1ne - ydr oxyet erazipe, pono-

hydroxypropyIC§EP9P @tedﬂﬂ&ﬁiﬂﬁiﬁﬁ#h?&lﬂﬁ?ﬂ}nQﬁﬁ?H?099mprlse acylated

propyl - SUbSt'Ehﬁﬁ@ste%m%@ﬂﬂﬂfﬁﬁidaﬁﬂfﬁﬁiﬁh Phéfh@ydrﬂmﬂdes, imides and
butyl)tetranetg¥lene di am ne, her., honol are obtalngd by

s
condensati on ¢PiARZOIIRES | Iqsust‘f%&q"ed qﬁ/dr t“ﬁﬁ(y ?\'ée 50I yafti REgpare =
through am nearbdixgdlic oradid odsr ivalkiwes rfxomatse aaeylakingseeagehts as
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and one or more amino compounds are heated at tempera-
tures in the raﬁge of ~ 80°C up to the decomposition
point (where the decomposition point is as previbusly
defined) but normally at temperatures in the range of

100°C - ~ up to  300°C provided 300°C does not
exceed the decomposition point. Temperatures of
125°C to ~ 250°C are normally used. The acylating

reagent and the amino compound are reacted in amounts
sufficient to provide from about one-half equivalent up
to 1less than one equivalent of amino compound per equiv-= -~
alent of acylating reagent. e -/
| Because the acylating reagents (B-l1) can be
reacted with the amino compounds (B-2) in the same
manner as the high molecular weight acylating agents of
the prior art are reacted with amino compounds, U.S.
Patents 3,172,892; 3,219,666; 3,272,746; and 4,234,435
are expressly incorporated herein by reference for their
disclosures with respect to the procedures applicable to
reacting - the acylating reagents with the amino compounds
as described above. In _applying the disclosures of
~ these patents to the acylating reagents, the substituted
succinic acylating agents (B-l) described herein can be
substituted for the high molecular  weight carboxylic



through the hydroxy radicals results in products contain- ing ether

l'i nkages acconpani ed by renoval of water. Qher polyam nes (B-2)- which can
be reacted with the acylating agents (B-1) are described in, for -42-
exanple, U S Patents 3,219,666 and 4,234,435, and these patents are
hereby incorporated by reference for the disclosures of am nes contained
thegein. The carboxylic derivative conpositions (B) pro- duced from the
acylating reagents (B-1) and the am no codiounds;w(B-Z) descri bed

her ei nbef ore conpri se acylated am nes whi ch include am ne salts, am des,

I m des and |n1da‘9llnes well as mxtures thereof. ‘To prepare

carboxylic ac?et de??-‘ﬂ%@F‘bBS f p8RNERe Sdpicddised rignddrase patente omnano
conpounds, om%qU1WﬁE§n@CYb§éi§g re@ﬁﬁﬂtisan%héygaoﬂg edﬂ¥¢%fgﬁf rr]tﬁﬁ ‘o

conmpounds are era- tures in the range of
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def i ned) but rmw@édy m tenose at Uhes rpdraked’ apat <t sl Cat;hzed, dhe ¢
[err] prOV|de err% does ngt eé ceed ﬁh decoffposition po
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reagent and ddmabeunsud conpound are reacted in anDunts sufficient to

provi de from about one | f U|va ent u to |l es n o e equi val ent oi
ani no conpound per equf@ia d?% Lof 309F8 PR§ F@ég atije com

atyl ating regueittsion(sB- Ethiltmgreaisedsmg? lgaexgwm%?%é%z)

Nhre AT TR A 00 D SRRl B B A A e
3,219 666: 3the mwlating, mgerstar ewikhr epollyfunceipmadl ackdeits by

reference forF%ﬂe'@xample, polyamines having two or more primary and/-

or secondary amino groups are preferred. Obviously, how-

ever, - it is not necessary that all of the amino compound

reacted with the acylating reagents be polyfunctional.

Thus, combinations of mono- and polyfuhctional amino

compounds be used. _

The relative amounts of the acylating agent

(B-1) and amino compound (B-2) used to form the carbox-

ylic derivative compositions (B) used in the lubricating

0il compositions of the present invention is a critical

W feature of the carboxylic derivative compositions (B).

It is essential that the acylating agent (B-1) be react-

ed with 1less than one equivalent of the amino compound

(B-2) per equivalent of acylating agent. It has been

discovered that the incorporation of carboxylic deriva-

tives prepared from ‘such ratios in the lubricating oil

- compositions of the present invention results in improv-

ed viscosity index characteristics when compared to lub-

ricating o0il compositions containing carboxylic deriva-

tives obtained by reacting the same acylating agents

with one or more equivalegfs of amino compounds, per

equivalent of acylating agent. 1In this regard refer to

Fig. 1 which is a graph showing the relationship of



di sclosures with respect to the procedures applicable to reacting. the
acylating reagents with the am no conpounds as described above. I n
applying the disclosures of these patents to the acylating reagents, the
substituted succinic acylating agents (B-1) described herein can be
substituted for the high nolecular weight carboxylic acid .
acylating agents disclosed in these patents on an equival ent basis. k?
That is, where one equival ent of the hi ghgg-ecul ar wei ght carboxylic
acylating agent dis- closed in these incorporated patents is utilized, one
equi val ent of the acylating reagent of this invention can be used. In order
to produce carpolymec damsuﬁsﬂhy(xnav¢b3|Veﬁmwsethobdlspersaﬁeoptbﬁubﬁéex

| mprovi ng capagkl

the acyl ating reage%%kg% iﬁ%%iﬁ%ihifnld @ggféﬁiQYtgﬁfeéigr pég E%a%h

pol yam nes havSAg. t 5¥-30 mﬁurmulataneumﬂheorvssc@aﬂbyy afii thegbdend dse
preferr ed. (oviBYS! Yespovarutged leds> £PF 1EFERS%Y dlBbeBLERR] BHA BRNO

conmpound reacted mnt the ac i'ng Teagent’s be poly
conbi nati ons o¥iseesitynd ap‘ol y‘fZ;ﬁch | okl 339Go %Bn@buﬁﬂsdbépesedntTheThev

relative anougpsiaof 15hae pMHIdY et (8 ddiead ggz@fs.ggn}?ggtaﬁg&%y%
Fa

used to formthe carbox- ylic derivative conpositions )
Bonsi ofcal Préafure
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of the carboxyatt déispetrisentionPatid idushdd)liné indpssessi ghet balathoe - =
acyl ati ng age ed with less than of the \/

1 react.- ne, equiyal en
am no conpoundiféeB&)&Seyléﬁﬂs\%yerﬁmqﬁ %ﬁ;lg,ﬁd?ﬁlﬁgrggeqﬁ 3$%¥ﬁ5gngegﬂncen- ~
di scovered t hatrationscoofor ahieod ifpexsdrxyof ctiis | imvention peonpondntrom

such ratios inigpe Lybricabhag dd pasis). The prior art dispersant is
obtained by reacting one equivalent of a polyamine with
one equivalent of a succinic acylating agent having the
characteristics of the acylating agents used to prepare
component (B) of this invention. The dispersant of the
invention is prépared by reacting 0.833 equivalent of
the same polyamine with one equivalent of the same
acylating agent.. :
_ As can be seen from the'graph, oils containing
the dispersant used in the present invention require
less polymeric wviscosity improver to maintain a given \U/
viscosity than the dispersant of the prior art, and the
improvement is . greater at the higher dispersant levels,
e.g., at greater than 2% dispersant concentration.
In one embodiment, the acylating agent is react-
ed with from . 0.70 to 0.95 equivalent of
amino compound, per equivaleht of acylating agent. 1In
other embodiments, the lower limit on the equivalents of
amino compound may be 0.75 or even 0.80 up to 0.90
or 0.95 équivalent. per equivalent of acylating agent.
Thus narrower ranges _of;;quivalents of acylating agent
- (B-1l) to amino compound (B-2) may be from 0.70 to
0.90, or 0.75 to 0.90 or 0.75 to 0.85. It appears, at



conposi tions of the present invention results in inprov- ed viscosity index
characteristics when conpared to lub- ricating oil conpositions containing
carboxylic deriva- tives obtained by reacting the sane acylating
agents with one or nore equival ents of am no conpounds, per equival ent of
acylating agent. In this regard refer to Fig. 1 which is a graph show ng
theirel ationship of -44- polyner viscosity |evel versus two di spersant
products of different acylating agent to nL%gggengmatios in an SAE 5W 30
formul ation. The viscosity of the blend is 10.2 cSt at [err] for al

| evel s of dispersant, and the viscosity at Jerr] is 3300 cP at 4%

di spersant. Thqea@t d id | tomd NAH CAIFBioREE £§Aetwsn {:ﬁ¥eéq§§:v¥1§ﬁ%%'fy
i nprover required . at different concentrations_of a_prior-art | spersant.
The dashed |i ne 3RCaCOPRINNG ekt i ve | eVt 790K keS8 t per npavivaleaguicfed

at different coacglatingfi Qifentdf HHEe WEPFEIVénéist N | EN@NEAPBoOxylic
(conmponent (B) %n a _chem cal basis). The prior _art dis srsant I S obtained
by reacting one%&qdiY RS of2Sh [SHISRES Vﬁtkﬂ%n@egﬁﬁé al efB BpeaeBReElT ¢
acyﬁafing agent meati,ng thiee aelaiwy iaidnsts Bf APPlILEINGt 4¢G@nLURNES a3 fe

L b emar e Sou RET: el e i S (D n L SRREEOR p S bR b Y Fh o
equi val ent of takassace fxed atanbpxyjergroups can be seen fromthe graph
of1s containing the di Spaigantadéifit 4k difidl SSGboddl CMBLAP 4EEHLACLhESS
polyneric viscosity inprover to maintain a given ViSCOS han e
di spersant of tKangesor that d4ded tweaqigsd owtkintthe @‘Pléh%éinﬁtaghathi(ghéb
di spersant |evehay €also dep¥nPli® gdid) or%Kk SABISEH atP EPPE 8! At ro-
gen atoms present. For example, a smaller amount of a
polyamine containing one or more <-NH2 groups, is
required to react with a given acylating agent than a
polyamine having the same number of nitrogen atoms but
fewer or no <-NH2 groups. One =-NH2 group can react
with two -COOH groups to form an imide. If only secon-
dary nitrogens are present in the amine compound, each
-NH group can only react with one -COOH group. Accord-
ingly, the amount of polyamine within the above ranges
) to be reacted- with the acylating agent to form the
o/ carboxylic derivatives of the invention can be readily
determined from a consideration of the number and type
of nitrogen atoms in the polyamine (i.e., -NH2, >NH,
and >N-).
In addition to the relative amounts of acylat-
ing 'agent and amino compound used to form the carboxylic
- derivative composition (B), other critical features of
the 'carboxylic derivative compositions (B) are the Mn
- and the Mw/Mn values of the polyalkene as well as the
presence within the acylatigg agents of an average of at
least 1.3 succinic groups for each equivalent weight of
substituent groups. When all of these features are
present in the carboxylic derivative compositions (B),



I n one enbodi nent, the acylating agent is react- ed with from

0: 70 to 0. 95 equi val ent of am no conpound, per equival ent of
acylating agent. In other enbodinents, the lower Iinmt on the equivalents
of ami no conpound may be 0.75 or even 0.80 up to 0.90 or 0.95

equi val ent, per equivalent of acylating agent. Thus narrower ranges of
equi val ents of acylating agent (B-1) to am no conpound (B-2) may be fr\ﬁp

0.70 to 0.90, or 0.75 to 0.90 or 0.75-#6-0.85. It appears, at -45°
|l east in sone situations, that when the eqU|vaIent of am no conpound
S 0. 75 or iﬁp er equivalent of acylatin ent, the:
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one embodi - nefén téehilsl et hytedMBrA! Impirovedl Priope AR, MY ARLHeLHE
such that- the parbp I|c erivative preferably con- tains no free carboxyl
groups. The antmEd e COMBOSAGLLBS2 LR Fmaﬁ'aFﬁés‘ézr%éﬁé inpgoved ©

react ed mAtrlpémf@@mamﬁengnaaembugaibh @gg;@b&q depend in part on the
nunber and type of nit

esent For a
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above ranges to e act ed e acyl ating agent e carboxyllc
derivatives &f tfﬁh#rnﬁ#ﬂ¢bh°@an(9§nﬁéédﬂwy d@f@ﬁﬁﬁﬁe&o ﬁﬁo@lltrate or

CO”S'derat'OWéglddefrﬁﬁﬁﬁheaféll¥9§ng examples). Saponification num-
ber is determined using the ASTM D-94 procedure. The
formula for calculating the ratio from the saponifica-
tion number is as follows:

Ratio = Hn No. _ d _
' 112, 200-98(Sap No.,corrected)'

The corrected saponlflcatlon number is obtained
by dividing  the saponification number by the percent of
the polyalkene that has reacted. For example, if 10% of
the polyalkene did not react and the saponification \_J
number of the filtrate or residue is 95, the corrected
saponification number is 95 divided by 0.90 or 105.5.

The preparation of the acylating agents and the
carboxylic acid derivative compositions (B) is illustrat-
ed by the following examples. These examples illustrate
presently preferred embodiments for obtaining the desir- =
ed acylating agents and carboxylic acid derivative com-
positions sometimes referred to in the examples as .
"residue"™ or "filtrate" without specific determination
or mention _of other materlale present or the amounts
thereof. In the following examples, and elsewhere in
the specification and claims, all jpercentages and parts
are by weight unless otherwise clearly indicated.



nitrogen atoms in the polyamne (i.e., -NH2, >NH and >N-). In addition
?L th; rglative anount s o? acyl at- ing agent and am no conpound used to
formthe carboxylic derivative conposition (B), other critical features
of the carboxylic derivative conpositions (B) are the M and the Mw M
values of the polyal kene as well as the presence within the acylating
agents of an average of at | east 1.3 succinic groups for each equival ent t
wei ght of substituent groups. When a+47-0f these features are presen
in the carboxylic derivative conpositions (B), -46- the lubricating

: . . . . : q
i | conpositions of the present inven- tion exhibit novel and inprove
-groper?Pes a@ﬁ&kﬁiﬂﬂﬂhéasntﬂing oi | conpositions are characterized by
i mproved performance in conbustion engﬁggﬁ gh? rati o of succinic groups tq
t he equi val ent weight of substituent 8& present in the acylating

agent can be deter nithdiXtuxe tof 5h©oph§tsaﬁ0028rmaﬁeop?g Eszﬁffﬁﬁed
. - ~ o
m xture correelepd t qMyIBYY, Mi=344 %?%ng?g§§£¥§|k§-53f@Pi€a of mal-

i i xt t the end 'of the reac y*! f _ _
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The correct ed®Eap8frecls | GRLAFRE 1S omddedbeneathi thegsubface. At
saponificatiomsnu&bewcbyahhadayuﬁaﬁarﬁlifﬁhf%%yeékfae%6?§L 88°chideipd
e 0 Cheth, | HA2BE SS9 80 R wiavbdontmixtue 1o strip-
nunber of the™Til esl )
ped by heating at 190-193°C with nitrogen blowing for 10
hours. The residue is the desired polyisobutene-substi-
tuted succinic acylating agent having a saponification
. equivalent number of 87 as determined by ASTM procedure
.D~-94, ' '
Example 2
A mixture of 1000 parts (0.495 mole) of polyiso-~
butene (Mn=2020; ﬁw¥6049) and 115 parts (1.17 moles) of
maleic anhydride' is heated to 110°C. This mixture is
heated to 184°C in 6 hours during which 85 parts (1.2
moles) of gaseous chlorine is added beneath the surface.
O At 184-189°C an additional 59 parts (0.83 mole) of chlor-
ine is added over 4 hours. The reaction mixture is strip-
ped by heating at 186-190°C with nitrogen blowing for 26
hours. The residue is the desired polyisobutene-substi-
tuted succinic acylating agent having a saponification
equivalent number of 87 as determined by ASTM procedure
- . D-94, '
Example 3
A mixture of 3251 parts of polyisobutene chlor-
ide, prepared by the additjon of 251 parts of gaseous
chlorine to 3000 parts of polyisobutene (ﬁn=1696; Mw=-
6594) at 80°C in 4.66 hours, and 345 parts of maleic
anhydride is heated to 200°C in 0.5 hour. The reaction



saponi fication nunber is 95 divided by O. 90 or 105.5. The preparatlon of
the .acyl ating agents and the carboxylic acid derivative conmpositions (B) is
illustrat- ed by the follow ng exanpl es. These exanples illustrate
presently preferred enbodi nents for obtaining the desir- ed acylating
agents and carboxyllc acid derlvatlve com positions sonetines referred to
in the exanples as "residue" or - "filtrate" wthout specific \
determnation or nention of other nmad8«ials present- or the amounts

t her eof . In the followi ng exanples, and el sewhere in the specification
and cl ains, all per cent ages and parts are by wei ght unl ess ot herw se
clearly indimixttedre is 4Beldcalta12|0rﬂg-2¢&jé‘rﬁ sEoE@-rﬂﬁ mmﬂsm&tmppaﬁ 8to

t 0. 28
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nol e) of ch reaction mxture is stri
ped by heatidetexmired]byi ASTHi W@g@d%%ﬂﬂﬁf-f or 10 hours.  The resi dl%d
is the desired polyi sobut ene-substi - eugcinic acylatlng agent having=: -
a saponi fication equi val ent nunber of 87 as determ ned ASTM ocedure

D-94. Exanple 2 A mxbmexwrfood &40 pax teos ln-cﬁ:‘e)m%]fe%bl?/#sla pHEehe

(M1=2020; ﬁmg =1gaspar uw=55254 r&iia‘i59443fpa[iﬁi§l ps.smmrdled)a ofs .7

heated to [err m xture heat
whi ch 85}ﬁﬂqqggqp anhydridg _1ES heated ﬂfHJé Ifhls QQQLErgUEEng N

heated to 201°C' in 5.5 hours during which 312 parts
- (4.39 moles) of gaseous chlorine is added beneath the

surface. The ' reaction mixture is heated at 201-236°C
‘with nitrogen blowing for 2 hours and stripbed under
vacuum at 203°C. - The reaction mixture is filtered to

yield the filtrate as the desired polyisobutene-substi-
tuted - succinic acylating agent having a saponification
equivalent number of 92 as determined by ASTM procedure
D-94.
' Example 5
A mixture of 3000 parts (1.49 moles) of polyiso- —
butene (Mn=2020; Mw=6049) and 364 parts (3.71 moles) of ./
maleic -anhydride is heated at 220°C for 8 hours. The
reaction mixture is cooled to 170°C. At 170-190°C, 105
parts (1.48 moles) of gaseous chlorine is added beneath
the surface . in 8 hours. The reaction mixture is heated
at 190°C with nitrogen blowing for 2 hours and then
stripped under vacuum at 190°C. The reaction mixture is
filtered to yield the filtrate as the desired polyiso-
butene-substituted succinic acylating agent. .
- Example 6
A mixture of 800 parts of a polyisobutene fall—
ing within the scope of the claims of the present inven-
tion and having an Mn of about 2000, 646 parts of miner-



nol es) of gaseous chlorine is added beneath the surface. At 184-1890C an
additional 59 parts (0.83 nole) of chlor- ine.is added over 4 hours. The -
reaction mxture is strip- ped by heating at [err] with nitrogen bl ow ng
for 26 hours. The residue is the desired polyi sobutene-substi- tuted
succinic acyl ati ng agent having a saponification equival ent nunber of 87 as’
determ ned by ASTM procedure D-94. Exanple 3 A m xture of 3251 parts of
polyféobutene chlor- ide, prepared by thagaddition:of 251 parts of gaseous
chlorine to 3000 parts of polyisobutene (M=1696; Mv=- 6594) at [err] in
4.66 hours, and 345 parts of maleic anhydride is heated to [err] in 0.5
hour. The readti oil an@S- 87 xtparts s ¢ imabéi®O0fnBRgdfifer i6. Agaltedr 0

desi rod . polyPeSouttne 2eh dtR «a Kt 16T ERE C, 08, PREERGRE: SRS
sl,}agzni g( cat : chlequgeilt :Trst (r)addnﬁ d'femflafals debher nsweflabg 68@k pr deedhmue:
(Mnoigas: T BSEHET anaThes FEREFE JSndgis 1€ ar £l pBRY haCpSHIRES
heaMed to [#ith nitirogeinkt fiar iG. hemwd atol892€s] The résidubouSSan
during “h'Choﬁlzceﬂ%hﬁnﬁ$ﬁ3%oﬂﬂﬁf3ﬂ ofﬁth Q§§?P§e% g%?%i ?bggfﬂgdgge eh

beneath the surf ction ure 1s
ni t rogen bI§ﬁﬂﬁ§teﬁoSucElﬂiﬁuﬁﬁxiﬂtkng|§ﬂﬁﬁtunder vacuum at [err].
The reaction mxture is filtered to ygedgbidezfiltrate as the desired

pPQlLyi sobut ene-substi- tuted succinic acylating agent having
saponi fication equi vafdg Rrasaduwre o£er QE%@?%?n%dl%yr§B¢HFB¢036669§

the polyisobutene (Mn=1845; Mw=5325) is replaced on an
equimolar basis by polyisobutene (Mn=1457; Mw=5808).
Example 8
. The procedure for Example 1 is repeated except
the polyisobutene (Mn=1845; Mw=5325) is replaced on an
equimolar basis by polyisobutene (Mn=2510; Mw=5793).
Example 9
The procedure for Example 1 is repeated except
the polyisobutene (Mn=1845; Mw=5325) is replaced on an
equimolar basis by polyisobutene (Mn=3220; Mw=5660).
Carboxvlic Derivative ition B):
N/ Example B-1l
A mixture is prepared by the addition of 8.16
parts (0.20 equivalent) of a commercial mixture of ethyl-
ene polyamines having from about 3 to about 10 nitrogen
.atoms per molecule to 113 parts of mineral o0il and 161
~ parts (0.25 equivalent) of the substituted succinic acyl-
- ating agent prepared 'in Example 1 at 138°C. The reac-
' tion mixture is heated to 150°C in 2 hours and stripped
- by blowing with nitrogen. The reaction mixture is fil-
tered to yield the filtrate as an oil solution of the
desired product. .
Example'B-Z
A nmixture is prepared by the addition of 45.6
parts (1.10 equivalents) of- a commercial mixture of



D-94. Exanple 5 A m xture of 3000 parts.(1.49 nol es) of polyiso- butene

(M1=2020;

Mn=6049) and 364 parts (3.71 noles) of nmaleic anhydride is

heated at [err] for 8 Hours. The reaction mxture is cooled to [err].
105 parts (1.48 noles) of gaseous chlorine is added beneath the

170-[err],

surface in 8 hours.

At

The reaction mxture is heated at 1900C with nitrogen

bl owi ng for 2.hours and then stripped under vacuumat [err]. The reacttij
m xture is filtered to yield the filtratggas the desired polyiso-
but ene-substituted succinic acylating agent. Exanple 6 A m xture of 80

parts of a

pol yi sobutene fall- ing within the scope of the clains of t

0
he

present inveaethyleneanpoligamigmesn MawingbdftorMbuHi® perie aftxogen-

-49- al oil
hours. At 1

AEne BeEoomBa el SESMRA i 9E HEhetRLShinean o0

e

surface overpartd- hflr3Ber equivalents) redttitthe rsulisktitutedssacppadcby

bl owi ng wit
oil -contain

2GVAPRRE Sapnt prsd, Eihampll Ak ATosTeBicey The

ci ni :
acyl ating ageaactEaanpﬁstmrEhéSphmaahdwtdtﬁSSBQniﬂEBJhﬁwrseanétsdrépeeﬁP‘F
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t he polyiso
pol yi sobut e
repeat ed ex
equi nolar b

cépltenedpot9i yéeddethe fidtaate Me582Hil ssobpthondobnthe
a&é§iP¥dP§kM&§@eqe”e (th2510§ MA=5793) . _ '

o o Example B-3

A mixture <1is prepared by the addition of 18.2
parts (0.433 equivalent) of a commercial mixture of
ethylene polyamines having £from about 3 to 10 nitrogen

atoms per molecule to 392 parts of mineral oil and 348

parts (0.52 equivalent) of the substituted succinic acyl-
ating agent prepared in Exampie 2 at 140°C. The reac-
tion mixture is heated to 150°C in 1.8 hours and strip-
ped by blowing with nitrogen. The reaction mixture is
filtered to yield the filtrate as an o0il solution (55%
0il) of the desired product.

' Examples B-4 through B-17 are prepared by fol-
lowing the general procedure set forth in Example B-1l.

~-i .

®



Exanple 9 The procedure for Exanple 1 is repeated except the polyisobutene
(WMn=1845; Mwn=5325) is replaced on an equi nol ar basis by pol yi sobut ene
(Mh=3220; Mn=5660). Carboxylic Derivative Conpositions (B): Exanple B-1 A
m xture is prepared by the addition of 8.16 parts (0.20 equivalent) of a
commercial mxture of ethyl- ene polyamnes having fromabout 3 to about
10 njtrogen atoms per nolecule to 113 parts of mineral oil and 161 parts
(0.25 equivalent) of the substituted succihgyc acyl- -ating agent prepared in
Exanple 1 at [err]. The reac- tion mxture is heated to 1500C in 2 hours
and stripped by blowng with nitrogen. The reaction mxture is fil- tered
to yield the filtrate as an oil solution of the desired product. Exanple
B-2 A mxture is prepared by the addition of .6 parts (1.10 equival ents)
of - a comrercial m xture of -50- ethyl ene % havi ng from about 3
to 10 nitrogen atons per nolecule to 1067 part ral oil and 893

parts (1.38 equyi alfnts) of ?n ubstituted ng acyl ati & t
prepared in ex at [ reaction | S heat-e%ii igfr] in
3 houfs and stgﬁéggﬁed by nitrog ction

filtered to ylglg t he f"tbgh%aE%P§24%§ so1ut|6m(§ t he desi.red Qé?duct

Exanple B-3 A "mxture the additi’on of 18.2 parts [{0.433
equi val ent) of a commrercial mXx{ure of ethyl ene pol yam nes haV|ng from

ab&g} 3 to 10 ngrogen Tris (2-aminoethyl) 5:4 50%
. amine
B-6 'Imlno-bls-propyl- 8:7 40%
amine _
',8-7 ' " Hexamethylene 4:3 : 40%
diamine :
'B-8 1-(2-Aminoethyl)- = 5:4 40%
2-methyl-2- '
imidazoline
B-9 N-aminopropyl- 8:7 40%
- pyrrolidone

a A commercial mixture of ethylene polyamines corres-
. . ponding in empirical formula to pentaethylene hexa-
A mine.

b A commercial mixture of ethylene polyamines corres-
ponding in empirical formula to diethylene triamine.

¢ A commercial mixture of ethylene polyamines corres-
ponding in empirical formula to triethylene tetra-
mine. -



atons per nolecule to 392 parts of mineral oil and 348 parts (0.52
eduivalent) of the substituted succinic acyl- ating agent prepared in
Exanple 2 at [err]. The reac- tion mxture is heated to 1500C in 1.8 hours

and-strip- ped by blowing with nitrogen.
to yield the filtrate as an oi

The reaction mxture is filtered
solution (55%0il) of the desired product.

Exanpl es B-4 through B-17 are prepared bg%fol- |l owi ng the general procedyye

set forth in Exanple B-1. -51- Equi vaPent Ratio of Acylating Exanple

Am ne Agent To Per cent Number React ant ('s)

React ant s Dl uent B-4 Pent aet hyl ene 4:3

40% hexam ne B-5 Tri s(2-am noet hyl) 5:4 50% am ne
B- 6 | m no- bi s- propyl - . 8:7 Equivalerd0% am ne B-7

Hexanet hyl ene 4.3 ' 40% RatiiioofB- 8

1- (2- Ami noet hyl ) - 5:4 - 40%@a2ylaitiylg 2- i i dazoline B-9

N- am nopr opyExample 8: 7Amine ' 40%agentolTcdone a A pepFemtci al

m xture of ecfimbbene pol yReagtantdsies- pondiReactandsoirical fERiladgtto

pent aet hyl ene hexa- mne. b A comrercial mxture of ethylene polyan nes

corres-

B-10 N,N-dimethyl-l,3- 5:4 ‘ 40%
Propane diamine '

B-11 Ethylene diamine = 4:3 - 40%

B-12 l1,3-Propane 4:3 40%
diamine :

B-13 2-Pyrrolidinone 5:4 20%

B-14 Urea 5:4 50%

B-15 Diethglenetti; 5:4 ' 50%
amine : ‘

B-16- Trietéylene- - 4:3 50%
amine '

B-17 ' Ethanolamine 4:3 453

a A commercial mixture of ethylene polyamines corres-
ponding' in empirical formula to pentaethylene hexa-
mine.

b a commercial miktu:e of ethylene polyamines corres-
ponding in empirical formula to diethylene triamine.

¢ A commercial mixture of ethylene polyamines corres-

pgnding in empirical formula to triethylene tetra-
mine.

| Example B-18

An appropriate size flask fitted with a stir-

rer, nitrogen inlet tube, addition funnel and Dean-

Stark trap/condenser is charged with a mixture of 2483

parts acylating agent (4.2 equivalents) as described in

Example 3, and 1104 parts oil. This mixture is heated

to 210°C while nitrogen was slowly bubbled through the

O

Y



ponding in enpirical formula to diethylene triamne. ¢ A conmercial mxture
of ethyl ene pol yam nes corres- ponding in enpirical fornmula to triethyl ene

tetra- mne. -52- Equivalent Ratio of Acylating Exanple Am ne
Agent~ To Per cent Number Reactant(s) React ant s

Di | uent B-10 NN- di net hyl -1, 3- 5:4 40% Pr opane
~diam ne B-11 Et hyl ene di am ne 4: 3 40% B- 12
1, 3-Propane 4:3 4986 di am ne B-13

2- Pyrrolidinone 5:4 20% B- 14 Ur ea

5:4 50% B- 15 Di et hgl enetri - 5:4

50% [err] B-16nixture.TTieEthkeae polyamine 4b®ttoms (134 pard¥®p (2014

B-17 Et c cjal
m xture of ethy ene po ya?n negeco??‘gél%oﬁgdﬁg oryer rol%ctai% o&ﬂ{ﬁaé %%
pent aet hyl ene theka- témperadtureonitbecteampeinature dfs mﬁuﬂhaunqﬁNQMHﬂbnut
corres- pondi e I cal | a hyl ri.am I al
m xture of et %(ﬁe‘r’lte B§+§am§ne§8ég$regba th}l %Wg%ﬂt% oq'lq fl%r %ﬁm&
tri &thyl ene t diecreasee. tERanpempBrasum agpr orerSeﬁCe si Adterastdgagedtnith

arstir- 138°C for 17.5 hours, the mixture is filtered through
diatomaceous earth to provide a 65% oil solution of the
<. desired acylated amine bottoms.
o/

Example B-19
A mixture of 3660 parts (6 equivalents) of a
‘substituted succinic acylating agent prepared as in
Example 1 in 4664 parts of diluent oil is prepared and
heated at about 110°C whereupon nitrogen is blown
through the mixture. To this mixture there are then
added 210 parts (5.25 equivalents) of a commercial
mixture of ethylene polyamines containing from about 3
to about 10 nitrogen atoms per molecule over a period of
one hour -and the mixture is maintained at 110°C for an
additional 0.5 hour. After heating for 6 hours at 155°C
-while removing water, a filtrate is added and the reac-
LN tion mixture is filtered at about 150°C. The filtrate
is the o0il solution of the desired product.
Example B-20
‘The general procedure of Example B-19 is repeat-
ed with the exception that 0.8 equivalent of the substi-
tuted 'succinic acylating agent of Example 1 is reacted
- with 0.67 equivalent of the commercial mixture of ethyl-
‘ene polyamines. The product obtained in this manner is
‘an o0il solution of the product containing 55% diluent
oil. B |
Example B-21
. The general procedure of Example B-19 is repeat-
ed except that the polyamines used in this example is an



rer, nitrogen inlet tube, addition funnel and Dean- Stark trap/condenser is
charged with a m xture of 2483 parts acylating agent (4.2 equivalents) as
described in Exanple 3, and 1104 parts oil. This mxture is heated to:
2100C while nitrogen was sl owly bubbl ed through the -53- mxture.

Et hyl ene polyamine bottonms (134 parts, 3.14 equivalents)' are slowy
added over about one hour at this tenperature. The tenperature is O
mai nt ai ned at about [err] for 3 hours anBl4then 3688 parts oil is added to
decrease the tenperature to [err]. After storage at 1380C for 17.5
hours, the mxture is filtered through di atonaceous earth to provide a 65%
oi | solut|oneqt1vakembS|amqua¢y|aﬁeanamlmyh@nﬁnnniyag«nqnmaxtqgeAcmmxture

of 3660 part?ri%ﬁ U|§ %en;n%_) %hglg_lﬁlést (ﬁu%léCCIHB&é’Hy|ﬂélﬁl%

prepared as arts o uent oil 1s p}hfared an
heated at Cabbude an@o@o%mnéréus@mmerxucmadgmxt.uge wowthnkeng pol¥e

m xture. né&! ScH]:i‘EHgSnE'iﬁEge 3ne eh@q&l%%qecto%{awrsé dfet¥ylene

equi val ent s) o% a comercial m xturé of ethyl ene polyam nes conf al ni ng f.fom
about -3 to abbk@minenitroFbASat BR3YIBINGo| FdHtA IS diS LHAKIGeR bf 29 efheafiou™

and the m xtga@ihg &R Q?ﬁwadeﬁ‘t werightf @ff %owidmtsmal 0.5 hour. After .7 -
heating for 6 hours at [err] while ean m@# afiltrate is added and
t°T

the reac- tion mxture is filtered The filtrate is the oil _
solution of the desirgHepgedezal 5&@@:@%:&2& E&anqﬂmlm-lzmrmethpeab# o las

Exanmpl e B-19 is t h t that; 0.8 | tfth\J
EXaTpl © B 1962 SRPEPL ,ERall | By Boiafineg A1 AL Hafad Mo

comprise a mixture of 80 parts by weight of ethylene
polyamine bottoms available from Dow and 20 parts by
weight of diethylenetriamine. = This mixture of amines
has an equivalent weight of about 41.3.
Example B-23

A mixture of 444 parts (0.7 equivalent) of a
substituted succinic acylating agent prepared as in
Example 1 and 563 parts of mineral oil is prepared and
heated to 140°C whereupon 22.2 parts of an ethylene
polyamine mixture corresponding in empirical formula to
triethylene tetramine (0.58 equivalent) are added over a &
period of  one hour as. the temperature is maintained at o/
140°C. The mixture is blown with nitrogen as it is
heated to 150°C and maintained at this temperature for 4
hours while removing water. The mixture then is filter-
ed through a filter aid at about 135°C, and the filtrate
is an o0il solution of the desired product comprising
about 55% of mineral oil. - ‘

Example B-24

A mixture of 422 parts (0.7 equivalent) of the
substituted succinic acylatigg agent prepared as in
Example 1 and 188 parts of mineral oil is prepared and
heated to 210°C whereupon 22.1 parts (0.53 equivalent)
of a commercial mixture of ethylene polyamine bottoms



with 0.67 equivalent of the commercial m xture of ethyl- ene polyam nes.
The product obtained in this manner is an oil soluti-on of the product
cont ai ning 55% diluent oil. Exanple B-21 The general procedure of Exanple
B-19 is repeat- ed except that the polyam nes used in this exanple is an
-54- equi val ent anmount of an al kyl ene pol yam ne m xture com. prising 80% of
etmxyene pol yam ne bottons from Uni on Carbi de and 20% of a conmmer ci al :
.mixture of ethylene poly- amines corresp®nding in enpirical formula to
di et hyl ene triam ne. This polyamine mixture is characterized as having
an equi val ent_wei ght of about 43. 3. Exanple B-22 The general procedure of
Exanpl e B-20 §ZOR o RQW - %€ exad@ed; haﬁ’efheap&eféﬁidnéfglﬂqq'im il @wing
Dot Toms aval | e e e TRe | Bttt Ol Y et aten 6o
avai e fr n arts [ ,0 I e enetri am ne.
Thi s xt ur e 0% rALOTAL6 S0 At BarBraLhergRt Ghisy SORBREREITS 0F of B 23
Am ?ture of lg&ﬁmartgaxi@efayguiyaltgng) pﬁ&f@)sghshaﬁ'éﬁfférﬁlct@}ié\itﬁiﬁ@wf%ti ng
agent prepared as in Exanple 1 a ar 0 neral oil is prepared an
nodeed’t o 100 RIRERERS 5 3t phis3Cogba aBofiy do BomrahArelaeH e

carr esloondi) ngni;ftn.gagmi rizal £fDtevéd andt thet filleratectisamimei(D.&Rlution
equi valent) a ed over.a i ne.hqQur as-the tenperature is
mai nt ai ned atgfeﬂf cfleszl % pﬁfé?gge?fspg %6IH8Wn with nitrogen as it is

-lWeated to [err] and naintained at tiBsanplepaBe2ire for 4 hours while
repoving water. The mfﬂé”&éﬁ@?@liﬁrBEEEﬁEé of Example B-24 is repeat-
ed except that the polyamine used in this example is a
commercial mixture of ethylene polyamines having from
about 3 to 10 nitrogen atoms per molecule (equivalent

weight of 42).
_ Example B-26

A mixture is prepared of 414 parts (0.71 equiva-
lent) of a substituted succinic acylating agent prepared
as in Example 1 and 183 parts of mineral oil. This mix-
ture is heated to 210°C whereupon 20.5 parts (0.49 equiv-
alent) of a commercial mixture of ethylene polyamines
having from about 3 to 10 nitrogen atoms per molecule
W, are added over a period of about one hour as the tempera-
ture is increased to 210-217°C. The reaction mixture is
maintained at this temperature for 3 hours while blowing
with nitrogen, and 612 parts of mineral oil are added.
The mixture is maintained at 145-135°C for about one
hour, and at 135°C for 17 hours. The mixture is filter-
- ed while hot, and the filtrate is an o0il solution of the

desired product (65% oil). |

Example B-27

A mixture of 414 pitts (0.71 equivalent) of a
substituted succinic acylating agent prepared as in Exam-
ple 1 and 184 parts of mineral oil is prepared and heat-
ed to about 80°C whereupon 22.4 parts (0.534 equivalent)



ed through a filter aid at about [err], and the filtrate is an oil solution
of the desired product conprising about 55% of mneral oil. Exanple B-24 A
m xture of 422 parts (0.7 equivalent) of the substituted succinic acylating
agent prepared as in Exanple 1 and 188 parts of - mineral oil is prepared and
heated to [err] whereupon 22.1 parts (0.53 equivalent) of a commerci al —
m xture of ethylene pol yam ne bottons -55- from Dow are added ovek,/
a period of one hour blowing with nitrogéﬁ? The tenperature then is
increased to about [err] and maintained at this tenperature for 3 hours.

M neral oil (625 garts) I S addedéaui he mxture is pmaintained at 1350C
for about 17 R8ur BedABEBSpoREEhe dRAAA ¢ ThE MIXEIEY EScheaked; tor 468°Cs an

oi | sgl utio]p Ef(ze&hleadgﬁgzﬁfédprthad&?@pi-Hdt%rWhﬁaﬁ!Q?iﬂ@& aen%gb_
procedure O a e b- | repeat.- ed exce a e polyam ne use In
Phi s exampl o FEREREBEHTRc £O0T B AMOURS ot (AT ERE SRRLLRG HOCRRIGRG | FBR

about 3 to 1lOmpktuggenist olfeat®d NHEQAWEC esper 2 ehthowt ghandf £82p15°C
I ekt e W Y T
of mneral oiat Tabeuti x215%Ce fior lemdwd 4 hdurs |andieaeugibou®02200ar £or :
fromabout 3 Po. BURBe rogdh tato aobhiidsehiPia s U CoPc kPN "RTsPRkeC?
about one houisasfibéeredpatalXQfiCe through enstifiter [id]. The fédtrate
mxture is  jg an o0il solution of the desired product (30% mineral
0il). S - o
Example B-28
A mixture of 414 parts (0.71 equivalent) of the
substituted acylating agent prepared in Example 1 and
184 parts of mineral oil is heated to 210°C whereupon 21
pérts (0.53 equivalent) of a commercial mixture of ethyl-
ene polyamine corresponding in empirical formula to tet-~
raethylene ' pentamine are added over a period of 0.5 hour
as the temperature is maintained at about 210-217°C.
Upon completion of the addition of the polyamine, the
mixture is maintained at 217°C for 3 hours while blowing  _
with nitrogen. Mineral o0il is added (613 parts) and the W
mixture is maintained at about 135°C for 17 hours and
'filtered. The filtrate is an oil solution of the
desired product (65% mineral oil).
Example B-29
A mixture of 414 parts (0.71 equivalent) of the
substituted acylating agent prepared in Example 1 and
183 parts of mineral oil is prepared and heated to 210°C
 whereupon 18.3 pérts (0.44 equivalent) of ethylene amine
bottoms (Dow) are added over a period of one hour while
blowing with nitrogen. TH: mixture is heated to about
210-217°C in about 15 minutes and maintained at this
temperature for 3 hours. An additional 608 parts of



mai ntai ned at this tenperature for 3 hours while blowng with nitrogen, and
612 parts of mneral oil are added. The mi xture is maintained at 145-1350C
for about one hour, and at 1350C f'or 17 hours. The m xture is filter- ed
while hot, and the filtrate is an oil solution of the desired product (65%
oil). Exanple B-27 A mxture of 414 parts (0.71 equivalent) of a
substituted succinic acylating agent prepared as in Exam ple 1 and 184
par?é of mneral oil is prepared and heat-.£d to about [err] whereupon 22.4
parts (0.534 equival ent) -56- of nelan1%€ are added. The mixture is
heated to 1600C over a period of about 2 hours and maintained at this

tammaUMef r ft co r &y ed.to
1700C over Jﬂggyan f\ g&%oc? gg 3%8 %@rlo&X%%ﬁ %g %ﬁdﬁkiﬁgéegt
mxture is malah@umedl&?@bofwr[ eli] hoursboufrhe Imdeats: rend satf dbented eat |

for 6 hours er g Qve e cth.an gy [ I ed
at 1500C thnm} gﬁgfl §¥5ﬁ%& 8 Tﬁgiggktaaa ﬁﬁ kh qugégéénf%nééﬁéf¥
desi red prodwﬁokﬁﬁm@nn¢ﬁwtmecﬂﬁ?lreﬂappbdult2865% wiidtlur e of 414 parts
(0. % equi val ent) of the substituted ng-fgent prepared in Exanple 1
and 184 parts of mneral oil is heated t err] wher eypon 21 parts (0.53
equival ent) of a comerBiel geReralePsPcednyr- ofnExgaPiniBn2 L oS ckgRfRENg

in enpirical féHrnﬁébééktfihaéae£H¥|SEﬁyE%ﬂEaEh&ﬁeab%ﬁ%aﬁﬁjé%é”rébi&ﬁé&d
.of 0.5 hour as the tenperature is nmaintained at abqut [err]. Upon

cagpl etion of RheamAAYI e At ARORBEY QA Ae COMAE IFilAdy Md Nt ngiof £ HAL 2t
2170C for 3 haiffés Wuleamiwed NChaving from about 3 to 10 nitrogen atoms

per molecule.
'Example B-31
A mixture of 422 parts (0.70 equivalent) of the
substituted acylating agent of Example 1 and 190 parts
of mineral oil is heated to 210°C whereupon 26.75 parts
(0.636 equivalent) of ethylene amine bottoms (Dow) are
added over one hour while blowing with nitrogen. After
all of the ethylene amine is added, the mixture is main-
tained at 210-215°C for about 4 hours, and 632 parts of
mineral o0il are added with stirring. This mixture is
maintained for 17 hours at 135°C and filtered through a
filter aid. The filtrate is an oil solution of the
desired product (65% oil).
| Example B-32
A mixture of 468 parts (0.8 equlvalent) of the
substituted succinic acylating agent of Example 1 and
908.1 parts of mineral oil is heated to 142°C whereupon
i 28.63 parts (0.7 equivalent) of ethylene amine bottoms
(Dow) are added over a period of 1.5-2 hours. The mix-
ture was stirred an additional 4 hours at about 142°C
and filtered. The filtrake is an oil solution of the
de51red product (65% oil).
Example B-33
A mixture of 2653 parts of the substituted
acylating agent of Example 1 and 1186 parts of mineral



with nitrogen. Mneral oil is added (613 parts) and the mxture is
mai nt ai ned at about [err] for 17 hours and filtered. The filtrate 1is
an oil solution of the desired product (65% m neral oil). Exanpl e B-29 A
m xture of. 414 parts (0.71 equivalent) of the substituted acyl ati ng agent
prepared in Exanple 1 and -183 parts of mneral oil is prepared and heated..
to [err] whereupon 18.-3 parts (0.44 equivalent) of ethylene am ne botto
(Dow) are added over a period of one houb8while blowing with nitrogen.

The mixture is heated to about 210-2170C in about 15 m nutes and naintai ned
at this tenperature for 3 hours. An additional 608 parts of -57-

m neral oi | @ik aiisedheatedhe te RLAC ivhersupen nkad parbeuef18sbrlese 17

hours. The r’réﬁ{{huée 55 Eb}nger( % ea[t?egddcﬁ] %c a%efi&ge&fag_ds ﬁaqrghe -

filtrate is an orl re % oi | Exanpl e B-30
The gener al QsocbherbeGPeEﬁﬁﬁﬁﬁeMsdmﬁlﬁﬁﬁkﬂﬁéube%ﬁ?e%x%%ﬁr 15fgr The
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(C) Alkali Metal Salt:

Component (C) of the lubricating oil composi-
tions of this invention is at least one basic alkali
metal salt of at least one sulfonic or.éarboxylic acid.
This component is among those-art-recognized metal-con-
taining compositions variously referred to by such names
as "basic", "superbased“ and "overbased" salts or com-
plexes. The method for their breparation is commonly
referred to as "overbasing". The term "metal ratio" is
often -used to define the -quantity of metal in these
salts or complexes relative to the quantity of organic -
anion, and is defined as the ratio of the number of W/
equivalents' of metal to the number of equivalents of
metal which would be present in a normal salt based upon
the usual stoichiometry of the compounds involved.

A general description of some of the alkali
metal salts useful as compcnent'IC)'is contained in U.S.
Patent 4,326,972 (Chamberlin). This patent is hereby
incorporated by reference for its disclosure of useful:
alkali metal salts and methods of preparing said salts.

The alkali ‘metals present in the basic alkali
metal salts (C) include principally lithium, sodium and
potassium, with sodium and potassium being preferred.



mneral oil are added wth stirring. This mxture is maintained for 17
hour’s at [err] and filtered through a filter aid. The filtrate is an
oi |l solution of the desired product (65%o0il). Exanple B-32 A m xture of
468 parts (0.8 equivalent) of the substituted succinic acylating agent of
Exanple 1 and 908.1 parts of mneral oil is heated to [err] whereupon 28.63
parts (0.7 equival ent) of ethylene am ne bottons (Dow) are added over a
period of 1.5-2 hours. The m x- ture was stHS%=ed an additional 4 hours at
about [err] and filtered. The filtrate is an oil solution of the
desired product (65%o0il). Exanple B-33 A m xture of 2653 parts of the
substituted acyl ati ng ag&ive ofsubfomie lacixis Mijficipaates wiefubeinl prepar’d-

(Dow o e added Bder S BEPCRT ofted s i eies Aofé i gEFefthE8a by TEne

mai nt ai ned bet wE@EMR18€2150C. The nmixture is rmaintained at 215-2200C for
a period of about 6 hours. Mneral oil (3953 parts) is added at 2100C and
the m xture is.stirred for 17 hours with nitrogen blow ing at [err]. The
nifofe is filtered hot through a MABEO3H)y and the filtrate is(Z&K)oil
sol-ution. of the desired product (65%o0il). (C) Al kali Metal Salt: Conponent
(O of the lubricating oil conposi- tions of this invention is at |east one
basi c al kal i ne?ﬁg salt of at least one sulfonic or carboxylic acid. This
cdnponent is anong those art-recogni zed netal -con- taining conpositions
vasously referred to by such naneiﬁ(SO3H)r | | )

In these formulae, R' is an aliphatic or aliphatic-sub-
stituted cycloaliphatic hydrocarbon or essentially hydro-
carbon group free from acetylenic unsaturation and con-
taining up to about 60 carbon atoms. When R' is alipha-
tic, it usually contains at least about 15 carbon atoms;
when = it is an aliphatic-substituted cycloaliphatic
group, the -aliphatib substituents usually contain a
total of at least about 12 carbon atoms. Examples of R'
are alkyl, alkenyl and alkoxyalkyl radicals, and alipha-
tic-substituted cycloaliphatic groups wherein the alipha-
-~ tic substituents are alkyl, alkenyl, alkoxy, alkoxy-
aikyl, carboxyalkyl and the like. Generally, the cyclo-
aliphatic nucleus is derived from a cycloalkane or a
cycloalkene such as cyclopentane, cyclohexane, cyclohex-
ene or cyclopentene. Specific examples of R' are cetyl-
cyclohexyl, ‘laurylcyclohexyl, cetyloxyethyl, octadec-
- enyl, and groups derived from petroleum, saturated and
unsaturated paraffin wax, and olefin polymers including
polymerized monoolefins and diolefins containing about
2-8 carbon atoms per olefinic monomer unit. R' can also
contain other substituents such as phenyl, cycloalkyl,
hydroxy, mercapto, halo, nitro, amino, nitroso, lower
alkoxy, lower alkylmercapto, carboxy, carbalkoxy, oxo or
thio, or interrupting groups such as -NH-, -0- or -S-,



as "basic", "superbased® and "overbased" salts or com plexes. The
method for their preparation is commonly referred to as "overbasing".
The term"netal ratio"” is often used to define the quantity of netal
in these salts or conplexes relative to the .quantity of organic anion, and
Is defined as the ratio of the.nunber of equivalents of netal to .
the nunber of equivalents of nmetal which would be present in a normal sglt
based upon the usual stoichionetry of the-ggapounds involved. A general

- description of some of the alkali nmetal salts useful as conponent (C) is
contained in U S. Patent 4,326,972 (Chanberlin). This patent is hereby
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carbon character thereof is retained. 1In general, any
non-carbon atoms present in R' or R do not account for
more than 10% of the total weight thereof.
' - T 1is a cyclic nucleus which may be derived from
an- aromatic hydrocarbon such as benzene, naphthalene,
anthracene or biphenyl, or from a heterocyclic .compound
such as pyridine, indole or isoindole. Ordinarily, T is
an aromatic hydrocarbon nucleus, especially a benzene or
naphthalene nucleus. _
The subscript =x is at least 1 and is generally
1-3. The subscripts r and y have an average value of
1-2 per molecule and are generally also 1. /
Thé sulfonic acids are generally petroleum sul-
fonic acids or synthetically prepared alkaryl sulfonic
acids. = Among the petroleum sulfonic acids, the most
useful products are those prepared by the sulfonation of
suitable petroleum fractions with a subsequent removal
of acid sludge, and purification.  Synthetic alkaryl -
sulfonic acids _are'prepared usually from alkylated ben-
zenes such as the Friedel-Crafts reaction products of
benzene and polymers such as tetrapropylene. The follow-
ing are specific example; of sulfonic acids useful in
pteparing_ the salts (C). It is to be understood that
such examples serve also to illustrate the salts of such



are al kyl, al kenyl and al koxyal kyl radicals, and alipha- tic-substituted
cycl oal i phatic groups wherein the alipha- tic substituents are alkyl,

al kenyl, al koxy, al koxy- al kyl, carboxyal kyl and the |like. Generally, the
cyclo- aliphatic nucleus is derived froma cycl oal kane or a cycl oal kene
such as cycl opent ane, cycl ohexane, cycl ohex- ene or cycl opentene. Specific.
exagpl es of R are cetyl- cyclohexyl, | auryl cycl ohexyl, cetyl oxyethyl,
octadec- enyl, and groups derived fromJgeisol eum saturated and
unsaturated paraffin wax, and olefin polyners including polynerized

nmonool efins and diolefins containing about 2-8 carbon atons per .olefinic
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blphenyl or froma heterocycllc conpound
cetoxycapryl ~ benzene sulfonic acids, dicetyl thianthrene
sulfonic acids, dilauryl ' beta-naphthol sulfonic acids,
dicapryl nitronaphthalene sulfonic acids, saturated
paraffin wax sulfonic acids, unsaturated paraffin wax
sulfonic acids, hydroxy-substituted paraffin wax sul-
fonic acids, tetraisobutylene sulfonic acids, tetra-amyl-
ene sulfonic acids, chloro-substituted paraffin wax sul-
fonic acids, nitroso-substituted paraffin wax sulfonic
acids, petroleum naphthene sulfonic acids, cetylcyclo-
pentyl sulfonic acids, lauryl cyclohexyl sulfonic acids,
© mono- and polywax-substituted cyclohexyl sulfonic acids,
dodecylbenzene sulfonic acids, "dimer alkylate" sulfonlc
acids, and the like.

Alkyl-substituted benzene sulfonic acids where-
in the alkyl group contains at least 8 carbon atoms
including dodecyl benzene "bottoms” sulfonic acids are
particularly useful. The latter are acids derived from
benzene which has been alkylated with propylene tetra-

"mers or isobutene trimers to introduce 1, 2, 3, or more
branched-chain Cj}2 substituents on the benzene ring.
Dodecyl benzene bottoms, principally mixtures of mono-
and -di-dodecyl benzenes, are available as by-products
from the manufacture of household detergents. Similar



such as pyridine, indole or isoindole. Ordinarily, T is an aromatic
hydr ocar bon nucl eusr especially a benzene or naphthal ene nucl eus. The
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sul fonic acid

is at least 1 and is generally 1-3. The subscripts r and
y have an average val ue of 1-2 per nol ecule and are generally also 1.
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which can be lncorporated into the lubrlcatlng 0il compo-

sitions of this invention as component (C), and techni-
ques for making them can be found in the following U.S.
Patents:  2,174,110; 2,202,781; 2,239,974; 2,319,121;
2,337,552; 3,488,284; 3,595,790; and 3,798,012. These
are hereby incorporated by reference for their disclos-
ures in this regard. . .

Suitable carboxylic acids from which useful

~alkali metal salts can be prepared include aliphatic,

cycloaliphatic and aromatic mono- and polybasic carbox~
ylic acids free from acetylenic unsaturation, including
naphthenic acids, alkyl- or alkenyl-substituted cyclo-
pentahoic acids, alkyl- or alkenyl-substituted cyclohex-
anoic acids, ‘and alkyl- or alkenyl-substituted aromatic
carboxylic acids. The aliphatic acids generally contain
from 8 to 50, and preferably from 12

to 25 carbon atoms. The cycloaliphatic and alipha-
tic carboxylic acids are preferred, and they can be sat-
urated or unsaturated. Specific examples include 2-eth-
YIhexanoic acid, linblenicqzcid. propylene tetramer-sub-
stituted maleic acid, behenic acid, isostearic acid, pel-
argonic acid, capric écid, palmitoleic acid, linoleic

Bl
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sul foni c acids, hydroxy-substituted paraffin wax sul- fonic acids,

tetrai sobutyl ene sulfonic acids, tetra-anyl- ene sulfonic acids,

chl oro-substituted paraffin wax sul- fonic acids, nitroso-substituted

paraffin wax sul fonic acids, petroleum naphthene sul fonic acids,

cetylcyclo- pentyl sulfonic acids, lauryl cyclohexyl sulfonic acids, nono-

and \pol ywax- substituted cycl ohexyl sulfonic acids, dodecyl benzene sulfonic

acids, "dinmer alkylate" sulfonic acids, anéd@3e |ike. Al kyl-substituted

benzene sul fonic acids where- in the al kyl group contains at |east 8 carbon

atonms including- dodecyl benzene "bottonms" sulfonic acids are
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sal ts which canCBEPPﬁéérpGSate¢SlmmphﬂuuﬁannwexghtmﬁIﬂid@bd@p the number
nof acidic groups (i.e., sulfonic acid or carboxy groups)
present per molecule. - |
In one preferred embodiment, the alkali metal
salts (C) are basic alkali metal salts having metal

ratios. of at least ° " 2 and more generally from
4 to 40, preferably from .6 to 30 and
especially from 8 to - 25.

In another and preferred embodiment, the basic
salts (C) are oil-soluble dispersions prepared by con-
tacting for a period of time sufficient to form a stable

o/ dispersion, at a temperature between the solidification
- temperature of the ' reaction mixture and its decomposi-
tion temperature: '

(C-1) at least one acidic gaseous material
selected from the group consisting of carbon dioxide,
hydrogen sulfide and sulfur dioxide, with

(C-2) a reaction mixture comprising

(C-2-a) at least one oil-soluble sulfon-
ic acid, or derivative thereof susceptible to overbas-
ing; , '

(C-2-b) at Teast one alkali metal or
basic alkali metal compound; '



sitions of this invention as conponent (C), and techni- ques for naking
them can be found in the following U S Patents: 2,174,110; 2,202,781,
2,239,974; 2,319,121; 2,337,552; 3,488, 284; 3,595,790; and 3,798, 012.

. These are hereby incorporated by reference for their disclos- ures in this
regard. Suitable carboxylic acids fromwhich useful alkali netal salts can

be prepared include aliphatic, cycloaliphatic and aromati c nono- and o’
pol ybasi ¢ carbox- ylic acids free from acetyl enic unsaturation, including
napht henic acids, alkyl- or alkenyl-substituted cyclo- pentanoic acids,

al kyl - or al kenyl - substitut _Qyﬁ5ohe5t angggs@0|g§e Swl Y141 { hatzc
al kenyl - substituted aromati ¢ carboxylic aci l'i phatic ac
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25 carbon atonms. The cycloat;ghaglc aed gghgﬂabnblglgmgyyﬁglé:égaggkare
preferred, and they can be sat- wurated_or ,unsaturated @ﬁ2e0|f|c exanples
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useful. Carbon dioxide is pieferred. _

As mentioned above, component (C-2) generally

is a mixture containing at 1least four components of

which component (C-2-a) is at least one oil-soluble

sulfonic acid as previously defined, or a derivative

thereof susceptible to overbasing, Mixtures of sulfonic

acids and/or their derivatives may also be used. Sulfon-

ic acid derivatives susceptible to overbasing include

their metal salts, especially the alkaline earth, zinc

and lead salts}_ ammonium salts and amine salts (e.g., {_/

the ethylamine, butylamine and ethylene polyamine

salts); and esters such as the ethyl, butyl and glycerol

esters. _
_ Component (C-2-b) is at least one alkali metal
or a basic compound thereof. Illustrative of basic al-
kali metal compounds are the hydroxides, alkoxides (typ-
~ically those in which the alkoxy group contains up to 10
and preferably up to. 7 carbon atoms), hydrides and
amides. Thus, useful basic alkali metal compounds
include sodium hydroxide, Potassium hydroxide, lithium
hydroxide, sodium prdpoxide. lithium methoxide, potas-
sium ethoxide, sodium butoxide, lithium hydride, sodium



of acidic groups (i.e., sulfonic acid or carboxy groups) present per
nol ecule. In one preferred enbodi nent, the al'kali netal salts (C) are basic

alkali netal salts having netal ratios. of at |east 2 and nore
generally from4 to 40, preferably from 6 to 30
and especially from 8 to . 25. In another and preferred

enbodinent the basic salts (C) are oil-soluble dispersions prepared by
con~tacting for a period of time sufficien:to forma stable dispersion,
at a tenperature between the solidificatiof tenperature of the reaction
m xture and its deconp05| tion tenperature: (C 1) at |least. one
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acid salt canMEtarsﬂEreﬁhom¢¢axgnuuthout the carboxylic acid in the

-”Té_t/ ure (C-2). Reagent g llnedf @-21875'ngP° BE' € 9F888¥Sone lower
aliphatic alcohol, preferably a monochydric.or dihydric
alcohol. = 1Illustrative alcohols are methanol, ethanol,
l-propanol, 1l-hexanol, isopropanol, isobutanol, 2-pent-
anol, 2,2-dimethyl-l-propanol, ethylene glycol, 1-3-pro-
panediol and 1,5-pentanediol. The alcohol also may be a
glycol ether such as Methyl Cellosolve. Of these, the
preferred alcohols are methanol, ethanol and propanol,
with methanol beiné especially preferred.

Compbnent (C-2-¢c) also may be at least one
alkyl phenol or sulfurized alkyl phenol. The sulfurized
alkyl phenols are preferred, especially when (C-2-b) is

~ potassium or one of its basic compounds such as potas-

w . sium hydroxide. As used herein, the term "phenol"
includes compounds having more than one hydroxy group

bound to an aromatic ring, and the aromatic ring may be

a benzyl or naphthyl ring. The term "alkyl phenol"

includes mono- and di-alkylated phenols in which each

alkyl substituent contains from . 6 to 100
carbon atoms, preferably 6 to 50 carbon
atoms. '

_ Illustrative alkyl phenols include heptyl-
phenols, octylphenols, decylphenols, dodecylphenols,
polypropylene (Mn of about 150)-substituted phenols,
polyisobutene (ﬁn of about 1200) -substituted phenols,
cyclohexyl phenols.



mat eri al which may be carbon di oxi de, hydrogen sulfide or sul fur dioxide;
m xtures of these gases are also useful. Carbon dioxide is preferred. As
menti oned above, conponent (C-2) generally is a m xture containing at
~least four conponents of which conponent (C-2-a) is at |east one

oi | -sol uble sulfonic acid as previously defined, or a derivative thereof
susceptible to overbasing. M xtures of sulfonic acids and/or their \_J
derivatives may al so be used. Sulfon- iggegcid derivatives susceptible to
overbasing include their netal salts, especially the alkaline earth, zinc
and lead salts; ammonium salts and amne salts (e.g., the ethylam ne,

butyl am ne  and etmu53ueusétwﬁn1@sesaébﬁaensaagoast9&%&&&3&Eafténé
I's at | east one
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_ The sulfurized élkylphénols include phenol sul-
fides, disulfides or polysulfides. The sulfurized phen-
ols can be derived from any suitable alkylphenol by
technique known to those skilled in the art, and many
sulfurized phenols  are: commeréially available. The
sulfurized alkylphenols may  be prepared by reacting an
alkylphenol with elemental sulfur and/or a sulfur mono-
halide (e.g., sulfur monochloride). This reaction may
be conducted in the presence of excess base to result in
the salts of the mixture of sulfides, disulfides or poly-

~sulfides that may be produced depending upon the reac-
tion conditions. It is the resulting product of this
reaction which is used in the preparation of component
(C-2) in the present invention. U.S. Patents 2,971,940
and 4,309,293 disclose various sulfurized phenols which
are illustrative of component (C-2-c), and such disclo-
sures of these patents are hereby incorporated by refer-
ence. '

The following non-limiting examples illustrate
the preparation of alkylphgnols -and sulfurized alkyl-
phenols useful as component (C-2-c).

' Example 1-C

While maintaining a temperature of 55°C, 100

parts phenol and 68 parts sulfonated polystyrene catal-



Component (C-2-c) may be at |east one |ower aliphatic alcohol, preferably a
nmonohydri ¢ or dihydric al cohol. Illustrative alcohols are nethanol,

et hanol, 1-propanol, 1-hexanol, isopropanolr isobutanol, 2-pent- anol,

2, 2-di net hyl - 1- propanol , ethyl ene glycol, 1-3-pro- panediol and

1, 5- pent anedi ol . The al cohol also may be a glycol ether such as Mt hyl

Cell gsolve. O these, the preferred al cohols are nethanol, ethanol and
propanol, w th nmethanol being especially prgf<erred. Component (C-2-c) also
may be at |east one al kyl phenol or sulfurized alkyl phenol. The 'sulfurized
al kyl phenols are preferred, especially whgn (G 2-b) is potassiumor one of
its basic conpd&fds @um#kemﬁémnas AmpenlystdiSxbseRohm apd Haed Coepany,)
the term "phe oAln n h n g R
bound to an argﬁ£t|c ri ang H% gﬁa@@§k Qgﬂ?éﬁe& @gtﬁ 4 E¥QE9F¥ E%%
napht hyl = ring.denseme t eﬂrmme@er phamnd| subgyarfiace gaaoinied aubal kyﬂ'&lﬁed

phenol s in whi Glefady a'&)’d ?ﬂ’?séiéuﬁ?én ﬁQEI:éd”Eo iﬁ@"s while nthmI?gn

10Q carbon atons,  prefera car on ato
Il IMstrative RAQwing pﬁ%o?shoum+ ud%romsbey@ teheases, (1232t prREKSAOHS,

decyl phenol s, dIﬁin‘ed.thﬂfd S, thw! YReaeyienhe nideeteabsustippedsybstizipwiced

h l's, I but Vh of about, 1200 bst ted.ph I I
Phenol <. 060ty A AAER o7 0 KEHERFASR | ohS cF bRBR” ofbEhe Bateh Lk

—above"descrhbeéﬂﬂuwaﬂsstmtIseﬁtle%&tonn@.Soheuraldehgderudeksupeenathat
e over ST SEIMIESS Y KEred T Saf8 Bl RELpRBRCgb2E &

pr opi onal-- maximum of 0.5% residual propylene tetramer remains.

Example 2-C _
Benzene (217 parts) is added to phenol (324
parts, 3.45 moles) at 380C and the mixture is heated
to 47°cC. Boron trifluoride (8.8 parts, 0.13 mole) is
blown into the mixture over a one-half hour period at
- 38-52°C. Polyisobutene (1000 parts, 1.0 mole) derived
from the polymerization of C4 monomers predominating
- in isobutylene is added to the mixture at 52-58°C over a
3.5 hour period. The mixture is held at 52°C for 1
~additional hour. A 26% solution of aqueous ammonia (15
o parts) is added and the mixture is heated to 70°C over a
2-hour period. The mixture is then filtered and the
filtrate is the desired crude polyisobutene-substituted
phenol. This intermediate is stripped by heating 1465
parts to 167°C and the pressure is reduced to 10 mm. as
the material is heated to 218°C in a 6-hour period. A
64% yield of stripped polyisobutene-substituted phenol

(Mn=885) is obtained as the residue.
Example 3-C

A  reactor equipped with a stirrer, condenser,
thermometer and subsurface addition tube is charged with
1000 parts of the reaction product of Example 1-C. The
temperature is adjusted to 48-49°C and 319 parts sulfur

* recistered Trade or Service Mark



dehyde, the butyral dehydes, the val eral dehydes and benz- al dehyde. Al so
sui tabl e are al dehyde-yi el ding reagents such as paraformal dehyde,
trioxane, nethylol, Methyl Fcrntel and paral dehyde. Formal dehyde and the
~formal de- hyde-yielding reagents are especially preferred. The sul furized
" al kyl phenol s i ncl ude phenol sul- fides, disulfides or polysulfides. The
sul furized phen- ols can be derived from any suitabl e al kyl phenol by

t echni que known to those skilled in the=&8t- and many sul furized phenols
are commercially available. The sul furized al kyl phenol s nay be
prepared by reacting _an al kyl phenol with elenental sulfur and/or a sulfur
mono- hal i dediehgoridel f s nadsiad orhids the temperatenenis keptohedowed i
the PresencesﬁﬁgéxcesThQa%%ﬂéh'#%ﬂ%ﬁeﬂ’hﬁéfé&aéisséisﬁhé ﬁiarﬂéﬁEo-

sul fides, disulfides or poly- sulfides that nmay be produced dependi ng upon
the reac- ti®8an cbAawingnantil ghe jacidhdymbef t (Weirg darerphenpfdi plue

reaction whi ghdicaweey | ist Nedy et Q0. ofpLoueeresil (€add Ph@tsbhgs R
present |nvent|on.d®gﬁ8h-P2tents 2,971,940 and 4, 309, 293 di scl ose various
(U

sul furi zed phBRBI & the mixtiie MR HRAEORENIYe) | and such™
disclo- sures of these patents are giednle | 4<@r porated by refer- ence. The, "
2 kyl phenol s and sul FRLLPMANG e piipsadiis (pf A EEamBbReArC c2999).
Exanpl e 1-C pérte neEnt she neactiomwamiduct o f [Exanpld 0D-palssrphesed and -
08 part s, SULLPALed7RO KANEenE CAlhir aicioriadS! #HBKEREHiBR pro-
' duct is diluted with 400 parts diluent oil.
_ Example 5-C
Following the procedure of Example 3-C, 1000
parts of the reaction product of Example 1-C is reacted
with 319 parts of sulfur dichloride. Diluent oil (788
parts) is added to the reaction product, and the mater-
- ials are mixed thoroughly.
- Example 6-C

Following the procedure of Example 4-C, 1000
parts of the reaction product of Example 2-C are reacted
with 44 parts of sulfur dichloride to produce the sulfur- o
ized phenol. ' o/

Example 7-C '

Following the procedure of Example 5-C, 1000
parts of the reaction product of Example 2-C are reacted
with 80 parts of sulfur dichloride.

The equivalent weight of component (C-2-c) is
its molecular weight divided by the number of hydroxy
groups per molecule.

Component (C-2-d) is at least one oil-soluble
carboxylic acid as previougly described, or functional
derivative  thereof.  Especially suitable carboxylic
acids are those of the formula RS5(COOH)pn, wherein n
is an integer from 1 to 6 and is preferably 1 or 2 and



are charged to a reactor equipped with a stirrer, con- denser, thernoneter
and subsurface gas inlet tube. The reactor contents are then heated to
1200C whil e nitrogen blowing for 2 hours. Propylene tetramer (1232 parts)
is charged, and the reaction mxture is stirred at 1200C. for 4

hour s. Agitation is stopped, and the batch is allowed to settle for
0. 3 _hour. The crude supernatant reaction mxture is filtered and vacuum
stripped until a maxi num of 0.5% resi dual propylene tetramer remains.
Exanpl e 2-C Benzene (217 parts) is added ré® phenol (324 parts, 3.45 noles)
at 380C and the m xture is heated to [err]. Boron trifluoride (8.8

parts, 0.13 no .S blown into m xt yre over one- hal f eriod a
[err]. Pol y ?ébd?ené @ﬁfﬂfﬁﬁé&a %#ﬁﬁﬁ%al yv%@tqygﬁgghglgpaatlc
polynerizat|onraﬁ1ealnnm@naﬁeqabiynnamuhyﬁxoaatbmmuty&d&mal; apdedngoathe
m xture at 52- ov he s _held
[err] for 1 ad?il%tglggna?r %ﬁp%atq%g@ﬁ:?#r&l%ﬁo%g qu&%ég%m |‘ép‘("Ff5t?llEa
parts) is adde&aé.ne t o€ nminwt URS | widat due t ;a [ emojovakents 2tbdochexapalent.
The™ mi xture g R filtered and the filtrate is the desired crude

pol yi sobut ene- sugstltuted phenol . This internediate is stripped by
heating 1465 parts to Rbs7Cmayd toant@idssrenthydrecaehon o aubshituentae

material is hepte¢ibiedl era;mley AP &d@&rtaersmtﬁ@ﬂaiw ei@s OﬁyéiééQPSQn

- pol yi sobut ene- sgbstltute phenol (M1=885) is obtained ds resid

Exafpl e 3-C A CPBEBFELT cequi HYER SHRSFiFuants arem Ytl’lé‘?%ﬁﬂ’étbﬁ

and subsurfaceaauddntlsonotﬂ%ﬂ moxeartgfth Wi th 10m PRrwéig 1@& t NExéRpLaEPN
product of Exante 1-C sted to 48- 490C, and 319

parts sul fur *% SFéﬁgFg&sTr&&§H§EkSer %xeq&ﬂ{b§ rocarbon substituents

enumerated hereinabove with reference to component (C-2-
a). RS may also contain olefinic unsaturation up to a
maximum of 5% and preferably not more than 2% ole-
finic linkages based upon the total number of carbon-
to-carbon covalent linkages present. - The number of car-
bon atoms in RS is usually 8-700 depending upon
the source of  R5. As discussed below, a preferred
series of carboxylic acids and derivatives is prepared
by reacting an olefin polymer or halogenated olefin
polymer with an alpha,beta-unsaturated acid or its anhy-
dride such as acrylic, methacrylic, maleic or fumaric
acid or maleic anhydride to form the corresponding sub-
stituted acid or derivative thereof. The R5 groups in
~these products have a number average molecular weight
from 150 to 10,000 and usually from
700 to 5000, as determined, for example, by gel
permeation chromatography. '
The monocarboxylic acids wuseful as component
(C-2-d) have the formula RSCOOH. Examples of such
acids are caprylic, capric, palmitic, stearic, isostear-
ic, linoleic and behenic acids. A particularly prefer-
red group of monocarboxylic acids is prepared by the
reaction of a halogenated olefin polymer, such as a



-68- dichloride is added while the tenperature is kept below [err]. The
batch is then heated to 88-930C while nitro- gen blowing until the acid
nunber (using bronphenol blue indicator) is less than 4.0. Diluent oi

(400 parts) is then added, and the m xture is mxed thoroughly. Exanple 4-C
Fol | owi ng the procedure of Exanple 3-C, 1000 parts of the reaction —
product of Exanple 1-Cis reacted with 175 parts of sulfur dich]oride. \,/
The reaction pro- duct is diluted with 498 parts diluent oil. Exanple 5-
Fol |l owi ng the procedure of Exanple 3-C, 1_80 parts of the reaction
product of Exanple 1-Cis reacted with 319 parts of sulfur dichloride.

Di ['uent oi | (Zﬁﬁo?i‘hhiéd' Sp%i%ﬁtte‘het.h%fﬂﬁ‘ﬁdﬁlﬁ%ﬁ o@']ﬂbéﬁ‘é‘c@lfé'

ials are m xed taoroug y. Exanple 6-C Following the procedure of anpl e
4-C, 1000 par®€l8f the reaction product of Exanple 2-C are reacted with 44

parts of Sulfur di chl osudeaerpratidequstd fdoidd ziatk Nidd othe ExgPt£-7- C
Fol | owi ng g Erocedure Ex IH% g %0 lI@lfrts of the reaction
product of Ex h5Pd §u€9épé°r@§& 8d PAVARI PR oML i fur dichlori de. The

equi val ent wei ght of conponent (C—2 c) isits nolecular weight divide
by the nunber of hydroxy groups q§a ul e. Conporient (C2-d) is at

| east one oil -sol ubl e carboxylic a&' previ ously descri bed, or
functional derivative thereof. CHRCOOH ally suitable carboxylic aci ds
are those of the fornula [err](COOH)n wherein n is an integer from1l to 6

and is preferably 1 or 2 and . : - -
wherein R6 is the same as R5 as defined above. R6

may be an olefin polymer-derived group fo;med-by polymer-
ization of such monomers as ethylene, propylene, l-but-
ene, isobutene, l-pentene, 2-pentene, l-hexene and 3-hex-
ene. R6 may also be derived from a high molecular
weight substantially ssturated:petroleum fraction. The
hydrocarbon-substituted succinic acids and their deriva-
tives constitute the most preferred class of carboxylic
acids for use as component (C-2-4). '

The above-described classes of carboxyllc acids
derived from olefin polymers, and their derivatives, are
well known in the art, and methods for their preparation
.as well as representative egamples of the types useful
in the present invention are described in detail in a
~number of U.S. Patents. _

_ Functional derivatives of the above-discussed
acids useful ‘as component (C-2-d) include the anhy-
drides, esters, amides, imides, amidines and metal or
ammonium salts.  The reaction products of olefin poly-
mer-substituted succinic acids and mono- or polyamines,
particularly polyalkylene polyamines, having up to about
10 amino nitrogens are especially suitable. These reac-
tion products generally comprise mixtures of one or more
of amides, imides and amidines. The reaction products
of polyethylene. amines containing up to 10 nitro-



-69- RS is a saturated or. substantially saturated aliphati<c radi cal
(preferably a hydrocarbon radical) having at least 8 aliphatic

carbon at ons. Dependi ng upon the value of n, J[err] wll be a
nonoval ent to hexavalent radical. [err] may contai n non-hydrocarbon
substituents provided they do not alter substantially its hydrocarbon
character. Such substituents are preferably present in anmounts of not
nore than 20% by wei ght. Exenpl a¥Bl-substituents include the

non- hydr ocar bon substituents enunerated herei nabove with reference to
component (C-2- a). [err] may also contain olefinic unsaturation up to

a maxi mum of gen atQﬂ%znﬂhdwpﬁkyb@tqneosuhstktuhad 8%¢colinicf anhydiriidleages

b d th t | t.
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carboxylic aciggising %\“¥hﬁftfﬁﬁﬁﬁre@e?ivatf@éé'ng 2he EbR Pbglad

polyymer or halo enate i n polynmer with ap al phabet a-unsat ura

or Tts anhy- dr} su&ﬁﬁ%?%ﬁﬂqﬂb% H%?héiF?FFtngnaFEFc amipgmaphydzdre or
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- Also useful are the esters prepared by the reac-
tion of the substituted acids or anhydrides with a mono-
or polyhydroxy compound, such as an aliphatic alcohol or
a phenol. Preferred are the esters of olefin polymer-
substituted succinic acids or énhydrides and polyhydric
aliphatic alcohols containing 2-10 hydroxy groups and up
to 40 aliphatic carbon atoms. This class of alco-
hols includes ethylene glycol, glycetol, sorbitol, pen-
taerythtitol, polyethylene glycol, diethanolamine, tri-
ethanolamine, N,N'-di (hydroxyethyl)ethylene diamine and

O the 1like. When the alcohol contains reactive amino
groups, the reaction product may comprise products
‘resulting from the reaction of the acid group with both
the hydroxy and amino functions. Thus, this reaction
mixture can include half-esters, half-amides, esters,
amides, and imides. _ _ t

The ratios of equivalents of the constituents
of reagent (C~2) may vary Widely. In general, the ratio
of component (C-2-b) to (C-2-a) is at least 4:1
and usually not more than 40:1, preferably between
6:1 and 30:1 and most prefé}ably between 8:1 and 25:1.
While this ratio may sometimes exceed 40:1, such an
excess normally will serve no useful purpose.



red group of nonocarboxylic acids is prepared by the reaction of a
hal ogenat ed ol efin polynmer, such as a -70- chlorinated polybutene, with
acrylic acid or nethacrylic acid. Suitable dicarboxylic acids include-the
substi- tuted succinic acids having the fornula [err] wherein [err] is
the same as [err] as defined above. R6 may be an olefin '
pol ynmer -derived group forned by polyner- ization of such nononers as
et hyl ene, propyl ene, 1-but- ene, isobuten 1- pent ene, 2-pentene, 1-hexene
and 3- hex- ene. R6 may also be deri &% froma high nol ecul ar wei ght
substantially saturated petroleumfraction. The hydr ocar bon-substi t ut ed
succinic acids and thei er tiNes er lhass
of carboxylic acids fogﬁﬁgelgﬁé%%nﬁ%ﬁeﬁ%&%%§éi§§€sTﬁf ggaéOBéesc#Fbgd%)
cl asses of cat@oxﬁnmpqnﬁnks@Qﬂ21&iilsrhﬁﬁwﬁém|n pol yieR8, andd80kdirr and
derivatives, g&@ﬁyy owgﬂﬁhéﬁmeart angl, et hpg's gPrlthehg a&ggggggaon

r _

as well as rePresentati've exa es.of the tgpes usefu resent
i nvention areaéég@W|b@@qQ1QR§RQRenh (Cnemblrisray, alkpht Bhenolroscspdmal

derivatives OEu&HQeabO%Qﬂyfﬁﬂﬁﬁéﬁb F'déhéseiﬂélaéiéﬁnaﬁnﬁﬂé éS&Boﬂ lic :
i ncl ude the anhy-. drj.des,_‘esters,amdes, imdes, anmdines a

ammoni um sal #§* (ﬁn@'tdéact‘ﬁ)rf’gﬁ s ofbhen ePFﬁs%FymnEBesE%tgFFEt'ed
succinic acidthendrmwﬂb of dutiviliercts GRr¢omponeny poLzaakytoneompon- )
pol yam nes, haV|ngdgp&to about 10 nlno nlééo ens are;e §0|ally S §b|e -

These reac- t I8 xtures bt bRe or no e
am des, im dead prtefamaihlr)esfro:ﬂ'he reacl:thqaroduct sl:10.

Up to about a st01ch10metr1c amount of acidic
material (C-1) is reacted with (C-2). In one embodiment,
the acidic material is metered into the (C-2) mixture
and the reaction is rapid. The rate of addition of (C-1)
is not critical, but may have to be reduced if the'temp-
erature of the mixture rises too répidly due to the
exotherm1c1ty of the reaction. '

When (C-2-¢) is an alcohol, the reaction temp—
erature is 'not'éritical. Generally, it will be between
the solidification temperature of the reaction mixture
and its decomposition temperature (i.e., the lowest

decomposition temperature of any component thereof). ~/
Usually, the temperature will be from . - 25°C to
200°t ©  and preferably from 50°C to
- 150°C. Reagents (C-1) and (C-2) are conveniently con-

" tacted at the reflux temperature of the mixture. This:

temperature will obvzously depend upon the boiling
points of the various components: thus, when methanol is
used as component (C-2-c), the contact temperature will
be at or below the reflux temperature of methanol.
o When reagent (C-2-c) is an alkyl phenol or a
sulfurized alkyl phenol, the temperature of the reaction
must be at or above the water~-diluent azeotrope tempera-
ture so that the water formed in the reaction can be
removed.



of polyethylene am nes containing up to 10 nitro- -71- gen
atons and pol ybut ene-substituted succinic anhydride wherein the pol ybutene
radi cal conprises principally isobutene wunits are particularly wuseful.
Included in this group of functional derivatives are the conposi- tions
prepared by post-treating the am ne-anhydride reaction product with
carpgn disul fide, boron conpounds, nitriles, urea, thiourea, guanidine,

al kyl ene oxides or the |Iike. The hal =73m de, ~hal f-netal salt and
hal f- ester, half-netal salt derivatives of such substituted succinic acids

are al so useful. Al so useful are the esters repared by the reac- tion of
the substituted aci ds ofhghhyRactEOn ti8 L RaNekedyatoRBEBART,

such as an ali phelriec al geYsu¥e @ HEWOugh &U ﬁéfﬁ&sﬁl&@riée peessaraf
ol efin polymer- substituted succinic aC|ds or anhydri-des and 81mgh drli_
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the |ike. WEaBonshethﬂsuﬂsﬂranaiyeﬂonereact|ve an1no groups, t he
reaction product npr d &g&ﬂ he r t' of
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vary w dely. I ener al e ratio of conponen

at | east £un Elfnéndaﬁusﬁﬁqﬂ/rﬁhe kSpewming and reRFﬁ?°%r@¢@%%BIy

bet ween This diluent will comprise at least 10% of the
total weight of the reaction mixture. Ordinarily it
will not exceed 80% by weight, and it is prefer-
ably  30-70% thereof.

Upon completion of the reaction, any solids in
the mixture are preferably removed 'by filtration or
other conventional means. Optionally, readily removable ’
diluents, the alcoholic promoters, and water formed dur-
ing the  reaction can be removed by conventional techni-
ques such as distillation. It is usually desirable to

), remove substantially all water from the reaction mixture
since the presence of water may lead to difficulties in
filtration and to the formation of undesirable emulsions
in fuels and lubricants. Any such water present is read-
ily removed 'by heating at atmospheric or reduced pres-
sure or by azeotropic distillation. 1In one preferred
embodiment, when basic potassium sulfonates are desired
as component (C), the potassium salt is prepared using '
carbon dioxide and the sulfurized alkylphenols as com-
ponent (C-2-c). The use of the sulfurized phenols
results in basic salts of higher metal ratios and the
formation of more uniform and stable salts.



6:1 and 30:1 and nost preferably between 8:1 and 25:1. Wiile this ratio may

soneti nes exceed 40:1, such an excess normally will serve no-useful
pur pose. -72- The ratio of 'equivalents of conponent (C-2-c) to
conponent (C-2-a) is between 1: 20 and 80:1, and preferably between
2:1 and 50:1. As nentioned above,. when conponent (C2-c) is an al kyl ~.
phenol or sul- furized alkyl phenol, _-the inclusion of the carboxyli c\/

acid (C2-d) is optional. Wen préggﬂt‘in the m xture, the ratio of
equi val ents of conponent (C-2-d) to conpon- ént (C-2-a) generally is
from 1:1to 1: 20 and preferably from . 1:2 to

1:10. Up to about a stoichionetric anobunt of acidic material (CG1) is
reacted with (CG2). In @n .?ﬁgiﬂg% : i L ]-nf?g erd i nmet er ed
into the (CG2) mxture gﬂgs e r_ueac d B%Qfesrrr@gpélmgﬁd ettF alll(@bg?érgcddi tion of
(C1) is not (@)tiksl ,abdispeyslkiane prepareddrdhe foxrocessnpt Teactiag of
the ‘mixtureggises t00pslaphdby g {Q thasfoldessicldye Oto! Brheasld on
Wien (C-2-c)y _Ts an alcohol, the réeaction tenp- erature I's not critical.y
General |y, itdigperskomet ween the solidification tenperature of the

reaction mxture and its deceypPoYaldefh didwrdétwien (i.e., the | owest -+
deconposition tenperature of ‘any conponent_ thereof). Usually, the

tenperature will be fronfC-2) a migdyze Qf[err] and )
preferably from [err] (ce2d-@)y]. at Rebgesks oné- lopidrgolGble are: ™
conveniently 9@;- tacted, at the efl ux tenperature of.thg.nix%gre; Thi™
tenperature 24fylategd,Bgopgnes PRI QUp AL heéPT i $eThvRbLKeS thereate

vari ous conp@&Eusdeptible, tohowerbasdmeg, i s used as conponent (C 2-c), the
contact tenperature wl| (C-2-b) sodium hydroxide,

(C-2-c) a monohydric ‘alcohol, an
alkyl phenol, or a sulfurized alkyl phenol,

(C-2-4) - at least one oil-soluble
polybutenyl-substituted succinic ' acid or its anhydride
wherein the polybutenyl substituent has an Mn value of
700-5000, | | | |

the ratios of equivalents of compon-
ents (C-2) being:

(C-2-b)/(C-2-a) between 6:1 and -
30:1 : \/

(c-2-c)/(Cc-2-a) between 2:1 and
50:1 ’

(C-2-d)/(C-2-a) between 1:2 and

1:10.



be at or below the reflux tenperature of nethanol. Wen reagent (G 2-c)
Is an al kyl phenol or a sulfurized alkyl phenol, the tenperature of the
reaction nust be at or above the water-diluent azeotr.ope tenpera- ture so

that the water fornmed in the reaction can be renoved. -73- The reaction
Is ordinarily conducted at atnos- pheric pressure, al t hough

superat nospheric pressure often expedites the reaction and pronotes
optimumutil- ization of reagent (C-1). The, process can also be car- ried

out at reduced pressure but, for obvious prdtiical reasons, this is rarely
done. The reaction is usually conducted in the pres- ence of a-
ni.c di t such _as . a

b fally i " d .
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di luents, the alc ic pronoters réaction
can be renoved 4Bt dm%&nGecﬂﬂﬁrbaﬁéélséﬂﬂ §bedmgtaﬂ|spm@nundp i dn

usual l'y deSlréﬂﬂfﬁﬁ()df”WHKESLﬁﬁéﬁéﬁ'@héyeaébmﬂ@éfﬁlﬁhg”hEEembg%CEbﬁ%en-
‘M xture since the es of | ead iculties in filtration
and/to the forﬁﬁqg}¥ ?éﬁﬁgﬂ e‘gg%FEPSﬁstPn bsemgt Rd PXbWP&SHt§heﬂhy
such wat er presas ﬁorueﬂuj ily renmoved by heating at atnospheric or
reduced pres- The above~-described procedures for preparing
alkali metal salts of sulfonic acids having a metal
ratio of at least 2 and preferably a metal ratio
between - 4 to 40 using alcohols as component
(C-2-¢c) is described in more detail in U.S. Patent
4,326,972 which has been incorporated by reference for
the disclosures of such processes. The preparation of
oil-soluble dispersions of alkali metal sulfonates
useful as component (C) in the lubricating o0il composi-
tions of this invention is illustrated in the following
~examples.
.Example C-1
To a solution of 790 parts (1 equivalent) of an
alkylated benzenesulfonic acid and 71 parts of polybu-
tenyl succinic anhydride (equivalent weight about 560)
. containing predominantly isobutene units in 176 parts of
mineral oil is added 320 parts (8 equivalents) of sodium
hydroxide and 640 parts (20 equivalents) of methanol.
The temperature of the mixture increases to 89°C (re-
flux) over 10 minutes due to exotherming. During this
period, the mixture is blown with carbon dioxide ati.?
X 1D°1m3/h (4 cfh. (cubic feet/hr.)). Carbonation is continued for
about 30 minutes as the temperature gradually decreases
to 74°C. . The methanol and other volatile materials are
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tion of" the desired basic sodium sulfonate having a

~ metal ratiofof about 7.75. This-solution contains 12.4%

Oilo
Example C-2
Following the procedure of Example C-1, a solu-

- tion of 780 parts (1 equivalent) of an alkylated benzene-

sulfonic acid and 119 parts of the polybutenyl succinic

"anhydride in 442 parts of mineral oil is mixed with 800

parts (20 equivalents) of sodium hydroxide and 704 parts

(22 equivalents) of methanol. The mixture is blown with

carbon dioxide at 2.0 x 10'1 3

ture slowly increases to 97°C. The rate of carbon diox-

\/

/h (7 cfh.) for 11 minutes at the tempera-

ide flow is reduced to 1.7 x 10 1m /h (6 cfh). and the temperature de-

creases slowly to 880C over about 40 mlnutes. The rate

of carbon dioxide flow is reduced to 1.4 x 107 m /h (5 cfh). for about \./

minutes and the temperature slowly decreases to 73°C.
The volatile materials are stripped by blowing nitrogen

through the carbonated mixture at 5.7 x 10'2m3/hg12 cfh.) for 105 mins.

as the temperature is slowly increased to 160°C. After
stripping is completed, the mixture is held at 160°C for
an additional 45 minutes and then filtered to yield an
0il solution of the desired basic sodium sulfonate hav-
ing a metal ratio of about 19.75. This solution contains
18.7% oil.
‘Exampie C-3
Following the procedure of Example C-1, a solu-

tion of 3120 parts (4 equivalents) of an alkylated ben- _

zenesulfonic acid and 284 parts of the polybutenyl suc-



-74- The chem cal structure of conponent (C) is not known wth certainty.
The-basic salts or conplexes nmay be solutions or, nore likely, stable

di spersions. Alter- natively, they may be regarded as "polyneric salts"
form ed by the reaction of the acidic material, the oil-sol- uble acid
bei ng overbased, and the netal conpound. In view of the above, these
compositions are nost conven- iently defined by reference to the nethod by
which they are formed. The above-described.pgacedures for preparing alkali
nmetal salts of sulfonic acids having a netal ratio of at |east 2
and preferably a netal ratio between 4 to 40 wusing alcohols

as conponent (€ific) h&h&ﬂ&ﬁabbeddl170143p3¥ﬁ§| dﬂ1diﬂ%réiﬂéiﬁ f's M Px€d 2
whi ch has been.g cogggrated by rgberence f or th I sc osures of such
processes. The BF B nPBELS (34 eaniyval ets) iumchydrqpide agd g

SE| f onat es usefnﬁsas panrpene(la'o é@).xﬁwlaltéiﬂzé)ulvﬂ QﬁumomJ m%ixttg‘t?_nﬁs of
this invention rat n_t -@X3 0 a
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and 71 parts of thel ybhempemyltuseccumcrreasfqallrltbe (SO0 vameht tive xghts.‘Bdix«i)ly
560) cont ai ni ng antly sihagbut ner

I s added 320 a‘ritgéfgggbgw &gl ggtg) ﬁ%&&r#h %r ﬂq(fgqahld 4(#n é?gby
equi val ent s) of biRitiRanditrogere atebperal Ure Sén (IZneﬂm)xfmé’ hn'clreease’wet beBSRe-

(te- flux) overgdgPem pyte to I dng t f%hﬁ
m%ture is bl OWF\ evlei BHS\ §19H§¥Oxﬁ.§%e&9§{&%e.@1'l% f%nﬁdlqh Aft% esr ¥ 1s
feet/hr.)). carBdBLeERdrs LBA:i Mag§urs is held at 160°C for hour,

and then filtered to yield an oil solutlon of the
desired basic sodium sulfonate having a metal ratio of
about 7.75. This solution contains 12.35% o0il content.
: Example C-4

Following the procedure of Example C-1, a solu-
tion of 3200 parts (4 equivalents) of an alkylated ben-
zenesulfonic acid and 284 parts of the polybutenyl suc-
cinic anhydride in 623 parts of mineral oil is mixed
with 1280 parts (32 equivalents) of sodium hydroxide and
2560 parts (80 equivalents) of methanol. The mixture is
blown with carbon dioxide at 2.8 x 10—1m3/h (10 cfh.) for about 77 min-

"~/ utes. During this time the temperature increases to
92°C and then gradually drops to 73°C. The volatile
materials are stripped by blowing with nitrogen gas at 5.7 x 1O'Zm"/h
(2 cfh.) for about 2 hours as the temperature of the reac-
tion mixture is slowly increased to 160°C. The final
traces of volatile material are vacuum stripped and the
residue is held at 170°C and then filtered to yield a
clear o0il solution of the desired sodium salt, having a
metal ratio of about' 7.72. This solution has an oil
content of 11%.
'Exampi; Cc-5

Following the procedure of Example C-1, a solu-

tion of 780 parts (1 equivalent) of an alkylated benzene-



about 30 mnutes as the tenperature gradually decreases to [err]. The
net hanol - and other volatile materials are -75- stripped fromthe
carbonated m xture by blowing nitrogen through it at 5.7 x [err] (2 efh).
‘while the tenperature is slowy increased to [err] over 90 m nutes. After
stripping is conpleted, the remaining mxture is held at [err] for about
30 mnutes and filtered to yield an oil solu- tion of the desired basic \(
sodi um sul fonate having a netal ratio of g&out 7.75. This solution contains
12. 4% o0il. Exanple C-2 Follow ng the procédure of Exanple C-1, a solu- tion
of 780 parts (1 equivalent) of an al kyl ated benzene- sulfonic acid and 119

P xed vi th soBSbEPPAE S e A B R €5 1) 5 POl R ELniL 78 S54R L 232
equi val e/nths) afhhydrtbdeol inThe@54 darts icf bilmema\ltdu]:axﬁalnuledxwﬂenauea
terr]. The 1+ REEES) 103, SufRyRieiney df edd I rvakdi fad Ay 6 BRRREET h§°
and t he tenpe(aﬁureqdevad.leem% sifowimethasshC JThe mrnm mintuce. i¥he
rate of car bog flino%] G¢ cLEpYk | f‘é@ g t70x111f‘"%§3%1-8r(%3é&rﬁ f&f?#; aﬁl%r ,%‘Pno_h(

m nutes and the tenperature s o ecreases to
material s areu§?$rppednﬁfﬂmﬁmmﬁﬂjﬁntﬁkﬂﬁﬂ] cﬁ@ﬁp%¥ﬁﬁ%5?bbhﬁiéésﬁﬁxtere

at 5.7 x [errgsé@ chha) then Yadidsly %éf&émawve.lsrﬁéovbzatue
i ncreased to [err Af t-er stH4%| n Ié&éﬁ |l eted, the mixture is held at
s

[err] for an MaFREigdnads 45t 9|Y%E§€%P?EP??EIGa§naB|5

sol uti on of - thhd Odemifred20a®i.0 Soxliabous Wnkommire alathe m@eaaﬂrmsahsriafchea@‘d

about - 19. 75. Th' SléBLE“O“ CA% & nsstlrSiJLg/fng l;s complete the mixture is
held "at 160°C for 0.5 hour and then filtered to yield an
0il solution of the desired sodium salt, having a metal
ratio of 11.8. The o0il content of this solution is
14.7s%. | o '

' Example C-6
Following the procedure of Example C-l, a solu-

tion of 3120 parts (4 equ1valents) of an alkylated ben-
zenesulfonic acid and 344 parts of the polybutenyl suc-
cinic - anhydride in 1016 parts of mineral oil is mixed
with 1920 parts (48 equivalents) of sodium hydroxide and
2560 parts (80 equivalents) of methanol. The mixture is
blown with carbon ledeE at 2.8 x 10—1m3/h (10 cfh,) For about 2 hours.
During this time the temperature increases to 96°C and
then gradually drops to 74°C. The volatile materials
are stripped by blowing with nitrogen gas at 5.7 x 107%m 3/h (2 cfh.) for
about 2 hours as the temperature is increased from 74°C
to 160°C by ‘external heatlng. The stripped mixture is
heated for an additional hour at 160°C and filtered.
The filtrate is vacuum stripped to remove a small amount
of water, and again filtered to give a solution of the
desired sodium selt,'having a metal ratio of about 11.8.

The 0il content of this solution is 14.7%.

!)



Exanple C-3 Follow ng the procedure of Exanple C1, a solu- tion of 3120
parts (4 equivalents) of an al kylated ben- zenesul fonic acid and 284 parts
of the pol ybutenyl suc- -76- cinic anhydride in 704 parts of
mneral oil is mxed with 1280 parts (32 equival ents) -of sodi um hydroxi de
and 2560 parts (80 equivalents) of nethanol. The m xture is blown with
canpbgn dioxide at 2.8 x 10 InB/h (10 cfh ) for 65 mns. as the

tenperature increases to [err] and ﬁ slowy decreases to [err].
The volatile material is stripped by blomn % nitrogen at 5.7 x 10 2nB/ h (2
cfh.) for 2 hours as the tenpera- ture is slowy increased to [err]. After
stripping is conpleted, the m xture |§ﬁﬂﬁg§l at Lfrr] for 0.5 hour, and then
filtered to yield an oil solution of t S|red basi ¢ sodi um sul f onat e
having a netal ratio of Faddwewing/s theltpsocedure oof cBxanphe ¢2135& splu-

content . Exa”pb:g off ‘bf': ddﬁ"ﬂgﬁﬁé‘ %33 ?%@a %n?é?”@feax? 1k§(1:§919& bbhe"

of 3200 parts eqU|va ent en-" zenesul acrd and
284 parts of tFengSMLSaNdey nd ¢ Q@Wﬂ@#t%eOfnt®93p®beBtQDYh1ﬂéﬁa

oi I's i xed %&h@%ﬂ@@ﬁdﬁ u'aaaé erpied’ Spdhymebuel o1 Igs 2figxdg00
parts (80 eqU|vaI nts) nethano The, mxture |s | own wt car

di oxi de at 2. gWither 6 QQUPQﬁQ$)(*QNeQHiXﬂ ents) of Lﬁ%glum h!ﬁF?ﬁbdetﬂPQ

time the tenpRaQUr parte e(alaﬁa‘eqtﬁ»{ﬂéﬂtwcbf heet lgameLial Iwhdrﬁpﬁtaee[eér]
-The volatile ngierla are strjpped hy Iomngﬁbmnth ni trogen gast &
[6cr] (2 cfh.) AN ypHycasbop giexide f%atbe% pipuestal KeB edl "ﬂi/GnUU

mxture is slowfy.,)i.nchedngdtiie perich, OHe téhpwbtiracasredkeyoiatile materi al
are vacuum striggRgd aad Wien siowly drops to 76°C. The volatile mater-
ials are stripped by blowing with nitrogen at 5.7 x 10%m 3/h (2 cfh.)
as the temperature is slowly increased from 76°C to 155° C.
by external heating. Water is removed by vacuum strip-
ping. Upon filtration, an oil solution of the desired
. basic sodium salt is obtained. It has a metal ratio of
about 10.8 and the o0il content is 13.6%.
Example C-8
Following the procedure of Example C-1, a solu-
tion of 780 parts (1 equivalent) of an alkylated benzene-
sulfonic acid and 103 parts of the polybutenyl succinic
~ anhydride in 350 parts of mineral oil is mixed with 640
‘parts (16 equivalents) of sodium hydroxide and 640 parts
(20 equivalents) of methanol. This mixture is blown with
carbon dioxide for about ome hour at 1.7 x 107 'm°/h (5 cfh. ). During
this period, the temperature increases to 95°C and then gracdu-
ally decreases to 75°C. The volatile material is strip-
ped by blowing with nitrogen. During stripping, the temp-
- erature initially drops to 70°C over 30 minutes and then
- - slowly rises to 78°C over 15 minutes. The mixture is
then heated to 155°C over 80 minutes. The stripped mix-
ture is heated for an additional 30 minutes at 155-160°C
and filtered. The filtrate is an oil solution of the
desired basic sodium sulfonate, having a metal ratio of
about 15.2. It has an o0il content of 17.1%.



residue is held at [err] and then filtered to yield a clear oil solution of
the desired sodiumsalt, having a netal ratio of about 7.72. Thi s
solution has an oil content of 11% Exanple C5 Follow ng the procedure of
Exanple C 1, a solu- tion of 780 parts (1 equivalent) of an al kyl ated
benzene- -77- sulfonic acid and 86 parts of the polybutenyl succi-fic
anhydride in 254 parts of mneral oil is mxed with 480 parts (12 o/
equi val ents) of sodi um hydroxi de and 649gpart s (20 equi val ents) of

met hanol . The reaction mxture is blown with carbon dioxide at 1.7 x [err]
(6 cfh.) for about 45 mn- utes. During this tinme the tenperature
increases to 956C and then gradual lpgad@areeasas to [err]. The volatile

material is stripped__by blowing wth nitrogen gas at 5.7 x [err] (2 __
cfh.) for about one ﬁ@&louéngheth§nﬁgﬂﬁﬁ§“§q:9#rﬁ§qgéiﬁiQT}'[ r??iu' :

After stri Pgbﬂg- b .Cgllﬁbegarh'é.e (3 Eguivalentd)d of APk yTatéd béwsr and
then filtered to Xl eld an Oil, solution of the %%(Sﬁl reétﬁﬁ{% umfalt _having
a nmetal ratgenesplfonig acidhcang 308 parks ok the P tepyE SUG 79@5
Exanpl (e C 6cfﬁidl.~0w'aﬁayd]§.-lﬂaeprIciﬁ_eldtsrsadofpa@wrplaaf G‘nli][neﬁ]sdi& is amidxeu 20
parts (4 equivale 0 n at e en-_ zenesu e Ld . 4 -
parts of tﬂ\!l'ﬁgl ygéibnyﬁrgﬁci“gﬁﬂe”ﬁ%ﬁ d@?i%"d}%ﬁé‘ﬁg&%@%fa ner al
oil is mxetl9g0t hpat880 (60t s et vadents Jerdfs metthanal umThyis oxixieured 2560
parts (80 eguival ent, f of nethanol,. T ) Xhtlr &, S Iyo 4t -carbon - °
di oxi de at %é’\iQ”Té‘P- ‘E?@"Ef%‘))’u?%ratagg%trg Eﬁhg'uzé.“&?f]ﬁﬁ ‘P’@%‘i”ﬂgb fime ‘e
t enper at ur emimtesasesiog uhéch |timedthe temperature rises to 98°C and then -
slowly decreases. to 76°C over about 95 minutes. The
methanol and water are stripped by blowing with nitrogen
at 5.7 x 10'2m3/h (2 cfh.) as the temperature of -the mixture slowly -
increases to 165°C. The last traces of volatile material
are vacuum stripped and the residue is filtered to yield
an oil solution of the desired sodium salt having a
metal ratio of 15.1. The solution has an oil content of

16.1%.

; Example C-10
'Following the procedure of Example C-1l, a solu-
tion of 780 parts (1 equivalent) of an alkylated-benzene-
sulfonic acid and 119 parts of the polybutenyl sucéinic
anhydride in 442 parts of mineral oil is mixed well with -
800 parts (20 equivalents) of sodium hydroxide and 640
parts (20 equivalents) of 'methanol.’ This mixture is
blown with carbon dioxide for about 55 mihutesmat 2.3 x 10'1m3/h
(8 cfh.). During this period, the temperature of the-mixture in-
creases to 95°C and then slowly decreases to 67°C. The
methanol and water are stripped by blowing with nitrogen.
at 5.7 x 10-2m3/h (2 cfh.) for about 40 minutes while the tempsrature - -
is slowly increased to 150°C."Af§§r-stripping, the tempera-
ture of the mixture is maintained at 160-165°C for about
30 minutes. The product is then filtered to give a solu-
tion of the correspdnding sodium sulfonate having a



then gradually.drops to [err]. The volatile materials are stripped by
blowing with nitrogen gas at 5.7 x 102 n8/h (2 cfh.) for about 2 hours as
the tenperature is increased from[err] to [err] by external heating. The
stripped mxture is heated for an additional hour at 1600C and filtered.
The filtrate is vacuum stripped to renove a small anount of water, and
agajn filtered to give a solution of the desired sodiumsalt, having a
netal ratio of about 11.8. The oil content-gg-this solution is 14. 7%
-78- Exanple C7 Follow ng the procedure of Exanple C-1, a solu- tion of
2800 parts (3.5 equivalents) of an al kyl ated ben- zenesul fonic acid and 302
parts of the pahetal ensatiecof caboutabby8ri dPhis 8d2updohs cohtaine a/8 .49
is mxed with parts (42 equival ents) of sodium hydroxide and 2240
parts (70 equivalehts) of methanol. The mixture is blown wth carbon

di oxi de for about 90 minutes at 2.8 x ExAmpIE ICUD cfh.). During this

iod, the t ture g _ t 0,96 w t .
The vol at i 1e mter - i a SOFLOREES | End 'pEPCeblER bR ¥xdh@le |e-1% e
2B (2 cfh.) partse (krpequivalent) s| 0fi yai nepdausdpetsmlipom puldonats]

by. external heatddihunhtepet Son£EOVEd Py VéﬁUHﬂlSBbiﬁtiehnaontaiHﬂﬁg_48%
filtration, an oj] soluti of the desired basjc sodium salt is obtained.
It has a netal 9&ti AN dggutpﬁﬁF%-%ﬁdthﬂepgibeBﬁPgﬁtsPQ°i9?G%?“E¥§#&ﬁ@

"€ 8 Fol lowi ng tise mHewsslir ecof66%@n@he €reatedseith RBONpatt#8Q7pegudval
palybut onyl suci) % ara iR daedpar fdec: afano22 BRFLRS R, Bauiver
640 parts (16 emrte) erdfs) métisamidoliin hPheoxedetiaod fidfRtpaet 4s blown with
carbon dioxide at 1.1 x 1D'1m3/h (4 cfh.) for about 45 minutes. During
this time, the temperature increases to 85°C and then
slowly decreases to 74°C. The volatile material ‘is
stripped by blowing with nitrogen at 5.7 x 10'2m3/h (2 cfh.) while the
temperature is gradually increased to 160°C. After
stripping is completed, the mixture is heated an addi-
tional 30 minutes at 160°C and then is filtered to yield
the sodium salt in solution. The product has a metal
ratio of 8.0 and an o0il content of 22.2%.
. Example C-12
" : Following the procedure of Example C-11, 1256
parts (1.5 equivalents) of the sodium petroleum sulfon-
ate in an o0il solution containing 48% o0il and 95 parts
of polybutenyl succinic anhydride is heated to 60°C and
treated with 420 parts (10.5 equivalents) of sodium hy-
droxide and 960 parts. (30 equivalents) of methanol. The
. mixture is blown with carbon dioxide at 1.1 x 10-1m3/h {4 cfh.) for 60
minutes. During this time, the temperature is increased
. to 90°C and then slowly decreases to 70°C. The volatile
materials are stripped by blowing with nitrogen and slow-
ly increasing the_temperatufg to 160°C. After stripping,
the reaction mixture is allowed to stand at 160°C for 30
minutes and then is filtered to yield an oil solution of



(20 equival ents) of nmethanol. This mxture is blown with carbon dioxide
for about one hour at 1.7 x [err] (5 cfh.). During this period, the
tenperature increases to [err] and then gradu- ally decreases to [err]. The
volatile material is strip- ped by blowing with nitrogen. During stripping,
the tenp- erature initially drops to [err] over 30 mnutes and then slowy
rises to [err] over 15 minutes. The mxture is then heated to [err] over\s80
m nutes. The stripped mx- ture is heated®l=or an additional 30 mnutes at
155--1600C and filtered. The filtrate is an oil solution of the desired
basi ¢ sodi um sul fonate, having a nmetal ratio of about 15.2. It has an oi
content of ldofbum sulForakerphaving &onetaingatiheofr sboubr 8.6 ETRe! e
C 1, a solu- t.i,0 4 t i yal gpt of an al kyl ated ben-
zenesul f oni co%c%émq;fenaé:fg% %gétédl?t !é %%I QE ?gnyl suc- cinic anhydride
in 991 parts of mineral oil is nmB¥a®pde €-9620 parts (48 equival ents) of

sodiunlhydroxide and ( i t n T Xt Ur e
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of Exanpl e C7D°C wiereupon 97 parts of potassium hydroxide are add-
ed. The mixture is heated to 145°C while azeotroping
water and xylene. Additional potassium hydroxide (368
parts) is added over 10 minutes and heating is continued
at about 145-150°C whereupon the mixture is blown with
carbon dioxide at 4.2 x 10™%nm 3/h (1.5 cfh. ) for about 110 minutes. The
volatile materials are stripped by blowing with nitrogen
and slowly increasing the temperature to about 160°C.
After stripping, the reaction mixture is filtered to
yield an oil solution of the desired potassium sulfonate
having a metal ratio of about 10. Additional oil is

added to the reaction product to provide an oil content \_/

of the final solution of 39%.
Example C-14

A mixture of 705 parts -(0.75 mole) of a commer-
cially .available mixture of straight and branched chain
alkyl aromatic sulfonic acid, 98 parts (0.37 mole) of a
tetrapropenyl phenol prepared as in Example 1-C, 97
.parts of a polybutenyl succinic anhydride as used in
Example C-1, 750 parts of xylene, and 133 parts of oil
is prepared.and heatéd with stirring to abogt 50°C where-
upon 65 parts of sodium hydroxide dissolved in 100 parts
of .water.are added. The mixture is heated to about 145°C
while removing an azeotrope of water and xylene. After



tion of 780 parts (1 equivalent) of an al kyl at ed-benzene- sulfonic acid and
119 parts of the pol ybutenyl succinic anhydride in 442 parts of  mneral oi
is mxed well with 800 parts (20 equivalents) of sodi um hydroxi de and
640 parts (20 equivalents) of nethanol. This mxture is blown with
carbon di oxi de for about 55 mnutes at 2.3 x [err] (8 cfh.). During this
period, the tenperature of the--m xture in- creases to [err] and then
slow y decreases to 67C. The met hanol and m@%er are stripped by bl ow ng
with nitrogen at 5.7 x [err] (2 cfh.) for @B6lUt 40 m nutes-while the
tenperature is slowy increased to 160 C. -After stripping, t he tenpera-

ture of the mx ta at _160-1650C for_ abqu utes The
product is- thenégéf%hﬁegﬁbg kgggglgglumlf B ot AVrENES gh&

sul fonat e havi ngo&ium Beraxide azei oadfledhout The. &;xfﬂresxﬁﬂuéaﬁaa to
contains 18. 7%QicPgr Follo he procedure mple G 1

836 parts (1 e UI val%é??m"?' wlés 8?5‘?19%3%?’%1 uft arPrbmat’ex (Téjogxu/m (2 cfh.) for
"Pekb9nate") ideS anh@RFs so| R areebropenpfigwagexroiand awden@31spmﬁm9vﬁdihe
pol ybut enyl  sucgi r%ec&ﬁwydihéﬁeménée%gdﬁ@ gQQggaB% Eb82A0 niaroA%R A

(7 -equiva- lents ii é) sodj um dr oxi 0 uiva-

of methanol . eaiﬁlohhﬂ1x@h¥EuF§ bF§mn3ﬁﬂFﬁeéar§§ﬁ eatiede tax MBSP

10 m/h (4 cfh, v}hémupdwUttHé nihﬁe'i:ﬂﬁe iBuphBent Witht bﬁﬁbohh@ﬂo‘i‘:'m%r glure
increases to [err] and t shoy y ecreases to [err]. olatile

mkerial is strigsed l§y7b?F d\ﬂh ey /\ﬁh {3 ‘-‘iﬁht-? otpEnabauts 2 hors o rﬁdﬁhtl(@latfcml) (133
whil e the tenppattsr is addedives| yhei mixtasedarter Rormlinutedl.t ed xyl-

i‘ég'ogpggg Lﬁeﬁ% ﬁ?ﬁhe egﬁ%&&%ﬁ 15 P&RL5dadinddghe LY, uesgsmsril:lf:tlgs- at
ped to 170 at 6. 7 kPa (50 mm. Hg) The reaction mixture is fil-
tered through a filter a;d_and the filtrate is the desir-
ed product containing 17.01% sodium and 1.27% sulfur.
Example C-15
A mixture of 386 parts (0.75 mole) of a commer-

cially available primary branched chain monoalkyl aroma-
tic sulfonic acid, 58 parts (0.15 mole) of a sulfurized
tetrapropenyl phenol prepared as in Example 3-C, 926
grams of oil and 700 grams of xylene is prepared, heated

| to a temperature of 70°C whereupon 97 parts of potassium

e hydroxlde_ are added over a period of 15 minutes. The
mixture is heated to 145°C while_removing water. An add-'
itional 368 parts of potassium hydroxide are added over
10 minutes, and the stirred mixture is heated to 145°C
whereupon the mixture is blown with carbon dioxide at
4,2 x 1D°2m3/h (1.5 cfh.) for about 2 hours. The mixture is stripped
to 150°C and finally at 150°C at 6.7 kPa (50 m=. Hg). The residue is
filtered, and the filtrate is the desired product.

- The 1lubricating oil compositions of the present
1nventlon comprise (A) at Jeast 60% by weight of
an o0il of lubricating viscosity, at least 2% by
weight of the carboxylic derivative compositions (B)
described above, and from 0.01 to 2% by



the sodiumsalt in solution. The product has a netal ratio of 8.0 and an
oil content of 22.2% Exanple C 12 Followi ng the procedure of Exanple CII,
1256 parts (1.5 equival ents) of the sodium petrol eumsulfon- ate in an oi
sol ution containing 48%o0il and 95 parts of polybutenyl succinic anhydride
Is heated to 600C and treated with 420 parts (10.5 equival ents) of sodi um
hy- droxi de and 960 parts (30 equival ents) of nmethanol. The mxture is \
bl own with carbon dioxide at 1.1 x [err] (4 cfh.) for 60 m nutes. Duri ng
this time, the tenperature is increased=-83=[err] and then slowy decreases
'to [err]. The volatile materials -are stripped by blowng with nitrogen and
slow |y increasing the tenperature to [err]. After_stripping, the reaction
mxture is awebglet tofstahd &ea§6000nﬁorb3@u¢rnﬁlkakﬂquﬁa%1saiﬁléfeaed to

yield an oilgsPEshign ?Eth°a§3§*?55§”'f92 te QQV| §§£§é§né§56 about

8.0. The oil content o e SO lon is Exanple ure of
584 parts (OMgBenppEfens §h§onﬂ§brl§ﬁ$ﬂn9dﬂﬂmQﬂSIQ%QﬂﬁHQﬁ:th&ﬁfxnﬂﬁn-aC|d

144 parts (0t1‘33n”04:ﬂl Of:onﬁa:LﬁUl Elerl a@esttetwowylaw?p lod £p epaggd 6\,«

in Exanple 3-C, 93 parts of but en succi ni ¢ anh used

in Exanpl e @‘1“3‘500°§arFQ’“BP"??Fer(@’a&&cﬂ-Medpéﬂ he léiqf%"safﬂrﬂﬂ)ame’d and -

hggt eddvm th éémpdisﬂﬂlbﬁs706§ wgaeeUpees@AtPainvedft i afssi WAy Gved de are
a e
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m nutes and heastng i s colti byewedghtaliont a bhenﬂ;caM}eroEﬂMrééﬂQ:ami@We s/
bl own wit

m nut es. 'rllhg&\glglp?gi géégﬁgg&élls gégk% %"3%2802?%&1% )?'nbot#q r%‘&ﬁf

~embodiments, the o0il compositions of the present inven-
tion may contain at least ' 2.5% by weight or even
at least ‘3% by Weight of the carboxylic derivative
composition (B). 1In one embodiment, the'lubriéating oii
compositions of this inventiom may contain up to 10% by
“weight and even up to 15% by weight of component (B).
The carboxylic derivative composition (B) provides the
lubricating o0il compositions of the present invention
with desirable VI and dispersant propérties.
(D) '

In another embodiment, the oil compositions of
the present invention also contain (D) at least one
metal dihydrocarbyl dlthlophosphate characterized by the
formula

» R10.
( ™ psstrn (XI)

R20 -~

wherein Rl and  R2 are each independently hydrocarbyl
groups ‘containing from 3 to- 13 carbon atoms, M is
a metal, and n is an integer equal to the valence of M.
‘Generally, the oil compositions of the present
invention will contain varying amounts of one or more of



and slowy increasing the tenperature to about [err]. After stripping, the
reaction mxture is filtered to yield an oil solution of the desired

pot assi um sul fonate having a netal ratio of about 10. -Additional oil is
added to the reaction product to provide an oil content of the final
solution of 39% Exanple C-14 A mixture of 705 parts (0.75 nole) of a
corqrer- cially available m xture of straight and branched chain al kyl
aromatic sulfonic acid, 98 parts (0.37 nolLgy-of a tetrapropenyl phenol
prepared as in Exanple 1-C, 97 parts of a pol ybutenyl succinic anhydride as
used in Exanple C1, 750 parts of xylene, and 133 parts of oil is

prepared and hegeed aidvie-Sident il dd méxul dPERdoyh6sShat®o s PRL! Broh

a
sodi um hydr oxi de_di ssol ved in 100 parts_of water,qge added. The mxture is
heated to abouf*PEr AP while renoving arthzR¥ répishkr @R MeFe gonerally

After  -82- €eom ng the rea@l ortgri Xture OVEgNigPt , weidhPAaSed®f 0fO8hEM

ol g vl o, IS A DShESa E197S el upLal"alkA Do

'qzébfrppe of wphesphatesy| are ialdedmicedhe\ it ting eokhtcoafpdgdt penss

wher eupon the Sixt TRE | SAYRRRARY ¢ ELAABGA S AAEE Ay B bt (3"

2n8/h (2 cfh.)dpat propertilesucs thediaibreomposikidBsparts) is added to

A V2SR M, PSR Rigtede g s, ERLE)

is fil- tered SAtbdgRhosphate A& Hermula X1 ay e *ikel geayeloatkyl,

product cont ai airadky1. 03% sedik&PyaAn@ roupd) o fa!lsubaedmt fal3 ¥ Shydrocar -

' bon group of similar structure. By "substantially hydro-

carbon" is meant hydrocarbons which contain substituent
- groups such as ether, ester, nitro, or halogen which do
- not materially affect the hydrocarbon character of the
. group. ' ' _

- Illustrative alkyl groups include isopropyl,
isobutyl, n-butyl, sec-butyl, the various amyl groups,
n~-hexyl, methylisobutyl carbinyl, heptyl, 2-ethylhexyl,
diisobutyl, isooctyl, nonyl, behenyl, decyl, dodecyl,
tridecyl, etc. Illustrative lower alkylphenyl groups

o/ include butylphenyl, = amylphenyl, heptylphenyl, etc.
Cycloalkyl groups 1likewise are useful and these include
chiefly cyclohexyl and the lower alkyl-cyclohexyl radi-

cals, Many substituted hydrocarbon groups may also be
used, e.g., chloropentyl, dichlorophenyl, and dichloro-

decyl. .

- ' The phosphorodithioic ‘acids from which the
metal salts useful in this invention are prepared are

- well known. Examples of dihydrocarbyl phosphorodithioic

acids and metal salts, andlgrocesses for preparing such
acids and salts are found in, for example, U.S. Patents
4,263,150; 4,289,635; 4;308,154; and 4,417,990. These
patents are hereby incorporated by reference for such
disclosures.



A mxture of 386 parts (0.75 nole)y of a commer- cially available primary
branched chai n nonoal kyl aroma- tic sulfonic acid, 58 parts (0.15 nole) of
a sulfurized tetrapropenyl phenol prepared as in Exanple 3-C, 926 grans of
oil and 700 granms of xylene is prepared, heated to a tenperature of [err]
wher eupon 97 parts of potassium hydroxi de are added over a period of 15

m nutes. The mxture is heated to [err] while renoving water. An add- o/
itional 368 parts of potassium hydroxi 8%+ e added over 10 m nutes, and
the stirred mxture is heated to 1450C whereupon the m xture is blown with
carbon dioxide at 4.2 x 10 2nB/h (1.5 cfh.) for about 2 hours. The m xture
is stripped to 150C andhe ngphosphonsdikhieic. acikda ase prepagpd byethe

residue is fi |ﬁte%’c9c‘1 orfNth g h?ﬂc#éék?]@f@s' :%éx*i'@ Ex?ffié‘é' QS.EHUSB aIQS? )1

| ubricating oi conp05|t|on I nventi on ng a

| east hemploy Qi gHxBIres, @ﬁal@?hol%br.%e. rgactiepoinvolves

| east fou?:‘VOnMé’?'d}E“tKE éi@ol‘x‘@I b&%%’%bénéfrpéﬁt in&fecefpﬁﬁb%b%%-( B)
descri bed above, and from 83-

wei ght of at s paRsH e and matresfailsrbqldaogmVbhhenotheatsm?yl.c
acid (C) as desetuied abfige "ﬁ‘cﬁnoften toge¢ ubsi cati ngzooncoswhaasm&
this inven- tion wll .contain at_lI Q% t o, 80% 0 Q an a E
conponent (B)ﬂqﬁHQﬁiﬁiqq1tfé} é%gh PRy oﬂ%%§? ?Bﬂgl gf Fhe c1
present i nverinvalvesy vtﬂw Qesctaion dsofraplyesphomdepenba'sulﬁdedel Wwith ,
PO L OF Y Pled STY |, ol AN, OBt 4852 £0B by Bbhik =
the oi | conpodiwa od®uafs & he Bydxxagen isnbhide | bs - libgratedt and the keast
ée??%g¥|€§'ghku%r N e |dBined acid 3% Pe VSt&Paratibhcotathexhkta1
salt of this acid may be effected by reaction with
metal oxide.- Simply mixing and heating these two react-
ants is sufficient to cause the reaction to take place
and the resulting product is sufficiently pure for the
purposes of this invention. _

_ The metal salts of dihydrocarbyl dithiophos-
phates which are useful in this invention include those
salts containing Group I metals, Group II métals, alum-
inum, lead, tin, molybdenum, manganese, cobalt, and
nickel. The Group II metals, aluminum, tin, iron, ./
cobalf, lead, molybdenum, .manganesé, nickel and copper
are among the preferred metals. Zinc and copper are
especially useful metals. Examples of metal compounds
which may be reacted with the acid" include lithium
oxide, lithium hydroxide, sodium hydroxide, sodium
cafbonate, potassium hydroxidé, potassium carbonate,
silver oxide, magnesium oxide, magnesium hydroxide,
calcium oxide, zinc hydroxide, strontium hydroxide,
cadmium oxide, cadmium hydroxide, barium oxide, aluminum
oxide, iron carbonate, coppé? hydroxide, lead hydroxide,
tin butylate, cobalt hydroxide, nickel hydroxide, nickel
carbonate, etc.



conposition (B). In one enbodinent, the lubricating oil conpositions of
this invention may contain up to 10% by weight and even up to 15% by
wei ght of component (B). The carboxylic derivative conposition (B) provides
the lubricating oil conpositions of the present invention with desirable Vi
and di spersant properties. (D) Metal Di hvdrocarbyl D thiophosphate: In
another enbodi ment, the oil conpositions of the present invention also
contain (D) at |east one netal dihydrocarbyggdithi.ophosphate characterized

by the formula [err] (XI') wherein R and R2 are each
i ndependent | y- hydrocarbyl groups containing from3 to- 13 carbon
atoms, Mis a netal, andIn i sofe uﬂbeﬁﬁbeﬁquﬂhé(1ddﬂipﬁﬂé¥¥3h(HfPﬂertaln

General ly, the i.tigns,of the present invention will contain .
varying'annuntsfﬁ+r€§ggﬁﬁ Spflchs as g%a h@MANRFS. iofe fh& MafFateragetate
dithiophosphateersuaoeatcfraalﬂ Ointoconjunctlon with t¥ netalei@ictapd
nor e generally ht based on the

ig
wei ght of the %Pjgnal f%?fltsgﬁgm #’Sn repgtion; &Indd?é B35 diflo &0 AR oved:
added’to the | uproduetng oFbrcexgmplEuohheonseheflnpemmion to Empmﬁvalmhe

var oo ny T chtedte JR. EGAESHEERENOhs L cfle (RATIRRE AUn I £ipe

rou
may be al kyl, <g%u k@@ﬂh%ﬁak% okhel. kapymagnonpgf or z3 ney iphosmphicaldd -
Trydrocar- bon gmﬁmwagé simlar structure. By "substantially hydro- carbon”
| s\Jgeant hydrocar bons whi ch contain substituent groups such as ether,
ester, nitro, or hal ogent®hi @hedoPReferked: i mbpdimenty the Rlsvdc ronps

character of tfgl and R2 are derived from secondary alcohols such
as isopropyl alcohol, secondary butyl alcohol, 2-pentan-
0l, 2-methyl-4-pentanol, 2-hexanol, 3-hexanol, etc.
Especially useful metal phosphorodithioates can
~be prepared from phosphorodithioic acids which in turn
are prepared by the reaction of phosphorus pentasulfide
with mixtures of alcohols. 1In addition, the use of such
mixtures enables the utilization of cheaper alcohols
which in themselves may not yield oil-soluble phosphoro-

dithioic acids. Thus a mixture of isopropyl and hexyl
alcohols can be -used to produce a very effective, oil-
" soluble metal phosphorodithioate. For the same reason

mixtures of phosphorodithioic acids can be reacted with
the metal compounds to form less expensive, oil-soluble
- salts.

The mixtures of alcohols may be mixtures of dif-
ferent primary alcohols, mixtures of different secondary
-alcohols or mixtures of primary and secondary alcohols.
Examples of useful mixtures include: n-butanol and n-oc-

. tanol; n-pentanol and 2-ethyl-l-hexanol; isobutanol and
n-hexanol; isobutanol and _}soamyl alcohol; isopropanol
and _Z-méthyl-4-pentanol; isopropanol and sec-butyl alco-
hol; isopropanol and isooctyl alcohol; etc. Particularly
useful alcohol mixtures are mixtures of secondary alco-



group. Illustrative al kyl groups include isopropyl, isobutyl,. n-butyl,
sec-butyl, the various anyl groups, n-hexyl, nethylisobutyl carbinyl,
heptyl, 2-ethyl hexyl, diisobutyl, isooctyl, nonyl, behenyl, decyl, dodecyl,

tridecyl, etc. [llustrative |ower -al kyl phenyl groups include

but yl phenyl , anyl phenyl, heptyl phenyl, etc. Cycloal kyl groups |ikew se
are useful and these include chiefly cyclohexyl and the | ower

al kyl -cycl ohexyl radi- cals. Many s ltuted hydrocarbon groups my -
al so be used, &e.g., chloropentyl, dichlorophenyl, and dichloro- decyl.

The phosphorodithioic acids from which the metal salts useful in this

| nventi on ar @Y #RAPEa fhenyCht Keaus. Bxanpizes mi olidirdennardy; -
phosphorodit hi gl ¢ acl ds ang&ﬁetaF salts, and processes for pf%%éﬁogf%uch

aci ds and salR¥l ardleehediri nandoincapgeéerped ephodiment @t dmmst 40

4,289, 635, 4nci8.pgérkenBNPf4i4pr8pPL albenelnatents are hereby

I ncor porated by referepce fgr iUCh dlsclosuies.. -%5- The _
phosphor odi t hi oi ¢ aci d5@r eERLLAULRE LEXEMPLLE ddAgSELSte Thes RrsRAra- -
pentasul fide gidh € ahe¢®ad| phosphopodiiehivates’ preparadc @ons miktures _
reaction invq%%ggkngyr nol es of the al cohol or phenol per nole of phosphor-
us pentasul fide, i %ﬁ@’be carried out within the tenp- erature range
from [err] to " [err]. EkamplleeDpideparation

-of
pent asul 116 wi th Tourt nonegbRBFoatEhiosp OpkIn ual phBBaed o AIRRIT 1)
two hours. ingdvbgamixtumredefi alephelsgt comprdsing Gegoleguof idmatihe-
defined aci dy) NpdHEAPS R 4RE 2 mbD8s"™BEAisopropyl alcohol with phos-
phorus pentasulfide. The phosphorodithioic acid then is
reacted with an oil slurry of zinc oxide. The amount of
zinc oxide in the slurry is about 1.08 times the theore-
tical amount required to completely neutralize the phos-

- phorodithioic acid. The oil solution of the zinc phos-
phorodithioate obtained in this manner (10% oil) con-
tains 9.5% phosphorus, 20.0% sulfur and 10.5% zinc.

- Example D-2 '

A phosphorodithioic acid is prepared by react-
ing finely powdered phosphorus pentasulfide with an alco~
hol mixture containing 1l1.53 moles (692 parts by weight) -/
of isopropyl alcohol and 7.69 moles (1000 parts by
weight) of isooctanol. The phosphorodithioic acid
obtained in this manner has an acid number of about 178-
186 and contains 10.0% phosphorus and 21.0% sulfur. This
phosphorodithioic acid is then reacted with an o0il slur-
ry of 2zinc oxide. The quantity of zinc oxide included
in the o0il slurry is 1.10 times the theoretical equiva-
lent of the acid number of the phosphorodithioic acid.
‘The o0il -Solution of the zinc salt prepared in this man-
ner contains 12% oil, 8.6% phosphorus, 18.5% sulfur and
9.5% zinc. ' '



salt of- this acid may be effected by reaction with netal oxide.
Sinply mxing and heating these two react- ants is sufficient to cause
the reaction to take place and the resulting product is sufficiently pure

- for the purposes of this invention. The netal salts of dihydrocarbyl

di t hi ophos- phates which are useful in this invention include those salts
contaiyning Group | netals, Goup Il netals, alum inum Ilead, tin,

nol ybdenum rmanganese, cobalt, and nickel .-88-The Goup |l  netals,
alumnum tin, iron, cobalt, |ead, nplybdenum nanganese, nickel and
copper are anong the preferred net al s. Zinc and copper are especially
useful Tnetals. Exanpl.es of netal coEpampde Bhdch nay be reacted with the

acid include |ithium oxiglep ho%ﬂ,ﬁ@fmthbugéoxhggd 1%0% glar%ﬁd&,ylr% ct-

sodi um car bonat,e, potassi um hydioxide, potassium car ox1 de,

magnesi um oxi dd9  adHISUER 9%l 960 dRarks| Eladnmekrasd, °£|ﬂ§qQﬂﬁMiﬂak;0-
stronti um hydr qgide, an@adrni ggn t@'@ pgdﬂbyérsbwefqgegroeg& qg@ﬂoqe’m.th
alunrnunroxrde7géfwlcarbon&% g ggroxgde 2 r oxI The
but?Téte cobal t> oy Raphsie, (4 ﬁ?ﬂro deh ﬁPbREP cBPBGﬁ&P@ ideo.
-86- In some imelcicss, ide cmm&tbpnheatsﬁgteha h!ﬂ@bﬁ@?ﬁ%&ﬁ%ﬁ?’ttﬁi
A E SR S S T O I R
‘pr oduct . Forﬁaﬂanpbweﬁruatﬁpemﬁodu)éb 1.5 hourSSWhQI?Zma?ggﬁﬁhah@lﬂhe
o naton v Wtk LG AR o BO hTates pRRLES hicar ehg,o
al kyl groups phosphorus pentasulfide is added, the mixture is heated
and stirred for an additional hour at 70-75°C, and there-
after filtered through a filter aid.

' Zinc oxide (282 parts, 6.87 moles) is charged
to a reactor with 278 parts of mineral oil. The above-
prepared Iphosphorodithioic acid (2305 parts, 6.28 moles)
is charged to the zinc oxide slurry over a period of 30

- minutes with an exotherm to 60°C. The mixture then is -
heated to 80°C and maintained at this temperature for 3
hours. After stripping to 100°C and 6 mm.Hg., the mix=-
ture is filtered twice through a filter aid, and the

"~/ : filtrate is the desired o0il solution of the zinc salt
containing 10% oil, 7.97% zinc (theory 7.40); 7.21% phos-
phorus (theory 7.06); and 15.64% sulfur (theory 14.57).
_ Example D-4
Isopropyl alcohol (396 parts, 6.6 moles) and
1287 parts (9.9 moles) of isooctyl alcohol are charged
to a reactor and heated with stirring to 59°C. Phos-
phorus pentasulfide (833 parts, 3.75 moles) is then
added under a nitrogen sweep. The addition of the phos-
phorus pentasulfide is comgleted in about 2 hours at a
reaction temperature between 59-63°C. The mixture then
is stirred at 45-63°C for about 1.45 hours and filtered.
The filtrate is the desired phosphorodithioic acid.



~[err] and

[err] .are derived from secondary alcohols such as

i sopr opyl al cohol , secondary butyl al cohol, 2-pentan- ol,
2- et hyl - 4- pentanol, 2- hexanol , 3-hexanol, etc. Especially useful netal

phosphor odi t hi oates can be prepared from phosphorodithioic acids which in

turn are prepared by the reaction of phosphorus pentasul fide with m xtures
In addition, the use of such m xtures enables the utilizatiQy
of cheaper al cohols which in thensel ves +gg~not yield-oil-soluble
phosphoro- dithioic acids. Thus a m xture of isopropyl and hexyl
al cohol s can be used to produce a.very effective, oil- soluble netal

of al cohol s.

- phosphor odi t hi oat e.
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o al cohol .” The fol omnn exaggges Il ustrate the
B&ta
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al cohol's. Exgiphe 1. 2% 011) of the desired zinc salt containing

7.86% zinc, 7.76% phosphorus and 14.8% sulfur.
° ' Example D-5 '
The general procedure of Example D-4 is repeat-
ed except that the mole rétﬁd of isopropyl alcochol to

isooctyl alcohol is 1:1. ‘The product obtained in this

manner is an oil solution (10% o0il) of the zinc phosphor-
odithioate containing 8 96% zinc, 8.49% phosphorus and
18.05% sulfur.
- Example D-6

A phosphorodithioic acid is prepared in accord-
ance with the general procedure of Example D-4 utilizing
an alcohol mixture containing $20 parts (4 moles) of
isooctyl alcohol and 360 parts (6 moles) of isopropyl
alcohol with 504 parts (2.27 moles) of phosphorus penta-
sulfide. The zinc salt is prepared by reacting an oil
slurry of 116.3 parts of mineral oil and 141.5 parts
(3.44 moles) of zinc oxide with 950.8 parts (3.20 moles)
of the above-prepared phosphorodithioic acid. The pro-
duct prepared in this manner is an o0il solution (10%
mineral oil) of the desired zinc salt, and the oil solu-
tion contains 9.36% zinc, 8.8l% phosphorus and 18.65%
sulfur.

\/,



A phosphorodithioic acid is prepared by react- ing a mxture of

al cohols conprising 6 noles of 4-neth- yl-2-pentanol and 4 nol es of

i sopropyl al cohol with phos- phorus pentasul fide. The phosphorodithioic
acid then is reacted with an oil slurry of zinc oxide. The anount of zinc
oxide in the slurry is about 1.08 tines the theore- tical anpunt required
toconpletely neutralize the phos- phorodLgBLoic aci d. The oil solutio
of the zinc phos- phorodithioate obtained in this: mnner (10% oi}l) con-
tains 9.5% phosphorus, 20.0% sul fur and 10.5% zi nc. Exanple D-2 A

phosphorodi thioi ¢ acid is prepared by g

pentasul fide with an -al co- hol m xture cdntaining 11.53 noles (692 parts

by weight) of isopropyl Ral BéK&Re8nd Of 652l @RI Mmakesbyofielgaestylof

aIBShomhoaﬁaorgépnglgh&tsawgisiﬁﬁafgys dfligaﬁrgsgge%%Eas an
. 0

i sooct anol .

aci d nunber of_ about 178-

and cqntai ns 10. 0% phosphorus an

n

1e iy finely powdered phosphorus
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sul fur. This pR8sphdfodPERPArEdacRRd hegted T &EE At whirh time 672, § of

zinc oxide. Thgageant (8y0af mblesyxiode phdephinds pditanileiderayei sddedo
ti the theoretical egU|va-phigtF§E_the aci nunber of t
{0 |

phosphor odi t hi $fc BeFHLCRfe ¥

T Uhe o one aac
rEAnge 1 e HRAGEIQN Jhep b8 PALRR;

man- ner cont atasndd% at! , 60~-6%Pghgaphabent bhedbYoud fand il ©e 8d zi NThe

- 88- Exanpl e

D.3 hosphpr odi,t hi, Qi cid.is prepared by react- ing a
Sinture of 1566thEreEe (38 PhPcupRsrens shapror R thtsie ARidI50 parts
mdkes) of isopropyl al cAhol ot hs1b@ryaifs 188.46 pares) (Of mdlbsphoofiszinc

pent asul fi de.

dPfakeaghion1a. soNgYsted ¥ BRI 118 AL Pdpdtad Urgnd©
1145 parts of the aboée—prepared phosphorodithioic acid
are added in portioné while maintaining the mixture at
about 70°C. After all of the acid is charged, the mix-
ture is heated at 80°C for 3 hours. The reaction mix-
ture then is stripped of water to 110°C. The residue is
filtered through a filter aid, and the filtrate is an
0il solution (10% mineral oil) of the desired product
containing 9.99% zinc, 19.55% sulfur and 9.33% phosphor-
us. '
_ '-Example D-8

A phosphorodithioic acid is prepared by the
general procedure of Example D-4 utilizing 260 parts (2
moles) of isooctyl alcohol, 480 parts (8 moles) of iso-
propyl alcohol, and 504 parts (2.27 moles) of phosphorus
pentasulfide.  The phosphorodithioic acid (1094 parts,
3.84 moles) is added to an oil slurry containing 181
parts (4.41 moles) of zinc oxide and 135 parts of miner-
al o0il over a period of 30 minutes. The mixture is
heated to 80°C and maintained at this temperature for 3
hours. After sttipping to 100°C and 19 mm.Hg., the
mixture 1is fiitéred twice tﬁrough a filter aid, and the
filtrate is an o0il solution (10% mineral o0il) of the
zinc salt containing 10.06% zinc, 9.04% phosphorus, and
19.2% sulfur. | |

S
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.about 550C and thereafter adding. the phosphorus pentasul- fide over a
period of 1.5 hours while maintaining the reaction tenperature at about
[err]. After all of the phosphorus pentasulfide is added, the mxture is
heated and stirred for an additional hour at [err], and there- after
filtered through a filter aid. Zinc oxide (282 parts, 6.87 noles) is
charged to a reactor wth 278 parts of mneral oil. The above- prepared \‘J
phosphorodi t hi oi ¢ acid (2305 parts, 6.28gmles) is charged to the zinc
oxide slurry over a period of 30 mnutes with an exothermto [err]. The

m xture then is heated to 800C and maintained at thi's tenperature for -3

hour s. Aft er strlmﬂdd;&ibﬁ&ir$pecﬁfﬁcnﬁkhbplebhefﬁmétdmﬂphosphoro-
filtered tmnc ro%% { i er aid, and t fbs % j the desired
oi | solutlond&f hipatas, . usghu on?%ln?ﬂﬂpﬁﬁen ( 9?%) URL&RAYANE 40)
7.21% phos- piidrsus oft hedhiey Préent ainvéht HA80 auéf distededny the FHlldwanpl e

Ceooctyl ol LORM - AHP Aty o aehed B TokS RaThcat e PaRER Re Eat 5P

[err]. Phos- glleor & quérdlssul fantk (BS2mpiess, D3135 tnIB&l9|anduprepkk§ﬂ d

ot eted | n EEh; Bl nph L0110 ENE 0B BURRIRIDRNRIAICRE S <

m xture thenExamplie Decddat [err] for about 1.45 hours and flltered The
filtrate is the desired phosphorodlth|0|c aci d. -89- A reactor.

charged with 312 parts (7.7 equiva- ntsé of zinc oxide and 580 parts of \/

mneral oil. Wile stirring at roomte ure, the above-prepared phos-
phor odi t hi oi ¢ aci d (Zzﬁﬂnﬁl{é&t 15: 97M&gH1 VEhEBpRbrbdithioates

R10
\\\p§i>%r-u
R20~

‘Exanple Rl | - R2 u

o
D-9 n-nonyl n-nonyl Ba 2
D-10  cyclohexyl " cyeclohexyl | Zn 2
D-11 isobutyl : -isobutyl |  Zn 2
D-12 hexyl hexyl Ca 2
D-13 n-decyl n-decyl Zn 2 T
D-14 4-methyl-2-pentyl 4-methyl-2-pentyl Cu 2 e
D-15 (n-butyl + dodecyl) (1l:1)w Zn 2
D-16  (isopropyl + isooctyl) (l:1)w Ba 2
' D-17 (1sopropyl+4-methy1 -2 penty1)+(40 60)m Cu - 2
D-18 (1sobutyl + isoamyl) (65:35)m Zn 2
D-19 (isopropyl+sec-butyl) (40:60)m | Zn 2

Anothér class of the'phbsphorodithioate addi-
tives cbhtemplated for uSe_in the lubricating composi-
tion of this invention cémp:ises the adducts of the
metal phosphorodithioates ‘described above with an epox-
ide. ‘The metal pbosphorbdithioates useful in preparing |
such adducts are for the most part the zinc phosphorodi-
thiocates. The epoxides may be alkylene'dxides or arylal-



added over a period of about 1.26 hours wth an exothermto [err]. The
mxture is heated to [err] and maintained at [err] for 3 hours. The _
reaction mxture is vacuum stripped to 1000C at 19 nm Hg. The residue is
filtered through a filter aid, and the filtrate is an oil solu- tion
(19.2%o0il) of the desired zinc salt containing 7.86% zinc, 7.76%
phasphorus and 14.8% sul fur. Exanple D-5 The general procedure of Exanple
D-4 iIs repeat- ed except that the nole ratig of isopropyl alcohol to

i sooctyl alcohol is 1:1. The product S®&ined in this manner is an oi
solution (10%oil) of the zinc phosphor- odlthloate containing 8.96%

zinc, 8.49% ph hor us -and, 18. 05% sul fur 6,A phosphorod 1.0
acid is preparmeﬁ‘ S cRige sa‘hce haf%éa%ggﬁ? Bﬁ)@%ﬁu?ée Fxﬁyghrﬁ?é354
utilizing an amqomdtyneuenaxxﬂﬁu b-Fe tly BéﬂypeneSotﬂdeDIasbha#m53hg¢sty-

0l 09) o phos S péieﬁ”‘%&%ﬁa"&ﬁmﬁﬁ“ $ricoRtyIthd gRigR hogpde’

reacting an oi lcylistysens . oxidles, ;and spo¢hhonestyrene axilded1. Thpamlkyls. 44

ol &%) of zinC dhd d%iddh 9B Fudl "pPiAciAR TPl EAL SbubbCaiROTENR" ERIRL
phosphor odi t hi ol ¢ acli e pro- ared 1n t 'S manne
sol ution (10% ritherhich | jthe 41Ky¥ﬁﬁﬁr i¢at ceantainpd8taE dessSserEboni on

contai ns 9. 36%aAidis. 8&J&ﬁﬁwmré@cﬁnﬁowr6§%§yéﬁérox1des99reEé%ﬁyhe
-B-7 A nmixture of SZSPéﬁiﬁ | es S00 tx_bgéggeo Xlg 559. 8 arts
(933 ol es) off%o aqrcqy_ylen oxJ. e, oxide, trimethyl
ene oxide, tetramethylene oxide, butadiene monoepoxide,
1l,2-hexene oxide, and epichlorohydrin. Other epoxides
useful herein include, for example, butyl 9,10-epoxy-
stearate, epoxidized soya bean o0il, epoxidized tung oil,
and epoxidized copolymer of styrene with butadiene.

The adduct may be obtained by simply mixing the
metal phosphorodithioate and the epoxide. The reaction
is usually exothermic and may be carried out within wide
temperature limits from 0°C to 300°C. Be-
cause the reaction is exothermic, it is best carried out
by adding on reactant, usually the epoxide, in small
increments to the other reactant in order to obtaln con-
venient control of the temperature of the reaction. The
reaction may be carried out in a solvent such as ben~
zene, mineral oil, naphtha, or n-hexene.

The chemical structure of the adduct is not
known. For the purpose of this invention adducts obtain-
ed by the reaction of one mole of the phosphorodithioate
with from 0.25 mole to 5 moles, usually up to
_ 0.75 mole or 0.5 mole of a lower alkylene
- oxide, particularly ethylene oxide and propylene oxide,

have been found to be especially useful and therefore
are preferred. '

_ The preparation of such adducts is more speci-
fically illustrated by the following examples.



hol. is prepared and heated to [err] at which time 672.5 parts (3.03

nol es) of phosphorus pentasul fide are added in portions while stirring. The
reaction then is main- tained at 60-650C for about one hour and filtered.
The filtrate is the desired phosphorodithioic acid. An oil slurry of 188.6

parts (4 noles) of zinc oxide and 144.2 parts of mneral oil is
prepared, and 1145 parts of the above-prepared phosphorodithioic acid areg
added in portlons whil e maintaining th&3m xture at about [err]. After

all of the acid is charged, the mix- ture is heated at [err] for 3 hours.
The reaction mix- ture then is stripped of water to 1100C. The residue is
filtered through a filter aid, £ﬂ@m@ﬁe'ﬂﬂ2heue is an oil solution (10%

mneral oil) of the dgsi réie% l[J}C ,_,,00,9#!| %ﬁoroa ﬁ% 3388, A2 o@ulFr

and 9. 33% phosphor- us. ioic acid i's prepared by
t he general m@beeﬁurefofﬂ@@ﬂﬂi&p[PhD$Ph¢¥Q¢hghzeétsangpézeﬁDP@sﬁ&ﬂm'

| sooct yl aI 480 p ( e r | arts
(2.27 nol es) IQ| § o?lrjﬁsépevﬁ?[% f%t(:jphiﬁg ﬁe QB&S}n Shglrgggla{tﬁ?ycgahglag )

(1094 parts, PBIBﬁ mBBe§) i MkRlked Qf) BFPBYleBFuP?‘}dSOHFSl AdRed1 i tha ans

(4.41 nol es)e.ﬁétﬁé?ﬁ o¥fde fygh 1Bh-Ppees obhel Aektuzk 96l mAYAtaA R id of =
30 m nutes e mxture is heated to 80C and_nai nt ai ned - at thlzohﬁgferature

"for 3 hours.80-90FCer £ogi 3 hAuks 37 FRen)vaguum §trippsd toy ]
filtered tvvwe ﬁuhtouaa a fifHerrédiduenist beltekedateing an faillterolagid,on - -

éﬁgosﬂ)phmopﬁgal ggfg% %mlfztd{] Saaj.%lar‘fogifl sofgtzonoqoﬁz 88" 01%.)0%? the ~
desired salt contalnlng 17.1% sulfur, 8.17% zinc and '
7.44% phosphorus.
Example D-22
To 394 ”parts (by weight) of zinc dloctylphos-
phorodithioate having_ a phosphorus content of 7% there
is added at 75-85°C, 13 parts_of_ptopylene oxide (0.5
mole pet moie of the zinc phoséhorodithioate) throughout
a period of 20 minutes. The mixture_is heated at 82-85°C
for one hour and filtered. The filtrate (399 parts) is
found to contain 6.7% of phosphorus, 7.4% of zinc, and
4.1% of sulfur. . |
- In one embodiment, the metal dihydrocarbyl S
dithiophosphates which are utilized as component (D} in
the lubricating oil compositions of the present inven-
~ tion will be characterized as having at least one of the
. hydrocarbyl groups (Rl or R2) attached to the oxygen
| atoms through a secondary carbon atom. In one preferred
embodiment,. both of the hydrocarbyl groups Rl and R2
are attached to the oxygen atoms of the dithiophosphate
through secondary carbon atoms. In a further embodiment,
the dihydrocarbyl dithiophqsphoric. acids used 1in the
preparation of the metal salts ‘are obtained by reacting
phosphorus - pentasulfide with a mixture of aliphatic
alcohols wherein at least 20 mole percent of the mixture



Addi ti onal specific exanples of netal phosphoro- dithioates wuseful as
conponent (D) in the lubricating oils of the present invention are
listed in the follow ing table. Exanples D9 to D14 are prepared from
sin- gle al cohols, and Exanples D-15 to D-19 are prepared from al cohol

m xtures follow ng the general procedure of Exanple D- 1. TABLE Conponent D:

N@K\/ Phosphorodithioates [err] Exanple [err] [err]

~ n D9 n- nony!| n-nonylg4- _ Ba 2 D10
cyclohexyl cycl ohexyl : - Zn 2 D11 I sobut yl
| sobut yl Zn 2 D12 hexyl hexyl

Ca "2 D13 skﬂi%opro% vyl alcoh61d60y|uore generall?D suéhPmi4tures
4- et hyl - 2- pent y] 4

dodecyl ) (1:41)¥i1d cohtatn, t geﬁglia“’ '(‘P%Sp%ﬁ{iﬁmé ?’20669#??@’# @hgo-
?a b2 Eﬁl? _ (hmbprop%§ﬁ$5?®thqt aleehbyk) 1046he0pixtres mah b8 either
i sobut +1is
(|sopro%yl+sec%§ﬁ¥ 4 } Aﬁy? d§%$ondary alcéﬁolsz Anigthmecﬁggélcgﬁlopﬁé _
phdsﬁhorodltm(ﬁﬂQheﬁihlntpa&sen@ereuptacednkoasesella'thetadbrphasph@r-
- Canposi - tion i ﬁi§f£ Wﬁ%ﬁiggd CfPBﬁ'SSS mRQEurgddBEtS %Ep&%ﬁgﬁe%ih
s desc

phosphorodlthloate epox-
phosphorodltm(ﬁﬁQﬁ#Qﬁxﬁ$ﬁ°¢nﬂ§#Epaﬂlﬂghghch(ﬁdﬁuctszaméthﬁﬂ‘ﬁh@eﬁﬁgnoéért

~-the zinc phOSmH¥ﬁEHr tib(E§E§V1déhfm§99¥ééeEeEﬁ!tB? akKYBQBQeQXhﬁﬁﬁlgr-
akyt al - -92- <;/Iene oxi des, The_aryl al kyl ene oxbdes are exenmplified

by styrene oxi de %Hrﬁﬂgﬁ3¥%$e 6§$Wﬁtsal ha®ret KPRE) yare obtained when
the phosphorodithioic acid is prepared from a mixture of

isopropyl alcohol and a primary alcohol such as isooctyl
alcohol. ' :
Another class of the phosphorodithioate addi-
- tives (D) contemplated as useful in the lubricating com-
positions of the invention comprises mixed metal salts
~of (a) at least one phosphorodithioic acid of Formula XI
as defined. and exemplified above, and (b) at least one
aliphatic or alicyclic carboxylic acid. The carboxylic
acid may be a monocarboxylic or polycarboxylic acid,

_ usually containing from 1 to 3 carboxy groups and
o/ ' preferably only 1. It may contain from 2 to
40, preferably from 2 to + 20 carbon atoms,
and advantageously 5 to 20 carbon atoms. The

preferred carboxylic acids are those having the formula
R3COOH, wherein R3 is an aliphatic or alicyclic
hydrocarbon-based radical preferably free from acetylén-
- ic unsaturation. Suitable acids include the butanoic,
pentanocic, hexanoic, octanoic, nonanoic, decanocic,
dodecanoic, octadecanoic and eicosanoic acids, as well
as olefinic acids such as oleic, linoleic, and linolenic
acids and 1linoleic acid dimer. For the most part, R3
is a saturated aliphatic group and especially a branched
alkyl group such as the isopropyl or 3-heptyl group.



rene oxi de, 3-beta-naphthyl-1,1, 3-butylene oxi de, mdode- cylstyrene oxide,
and p-chl orostyrene oxide. The al kyl- ene oxides include principally the

- oner al kyl ene oxides in which the al kyl ene radical contains 8 or |ess
carbon atons. Exanples of such | ower al kyl ene oxides are ethyl- ene oxide,
propyl ene oxi de, 1,2-butene oxide, trinethyl- ene oxide, tetranethyl ene

oxi de, but adi ene nonoepoxi de, 1, 2-hexene oxide, and epi chl orohydrin. O hes
epoxi des useful herein include, for examgse, butyl 9, 10-epoxy- stearate
epoxi di zed soya bean oil, epoxidized tung oil, and epoxidi zed copol yner of
styrene wi th butadi ene. The adduct may be obtained by sinply mxing the

met al phosphqng@gﬁﬂaﬁﬂvézngbI Yeashoxylitc Taeidsacarensuscisdel | plkyl-

exotherm c and arried put thln t [ from
[err] to dnaihﬂnii%§9 *ﬁ&%é 9éw%€$5%$$pgé§o?%gflk gl':S'?sls best
carried out by addlngmherwnaxeﬂnmetahasaytshnangE|peepanednbylmemeﬂynents
to the other .ant in ord bt ai I f
t enperature a‘l ng., & iMsta ql‘h%&@ éf Qnﬁﬁgﬁpﬁgpégg{fﬁg% ?Ezﬁ grllgo ven{
such as ben- mewad, rEalsr alobila- rnamh¢%wlb¢ actdxinethendeghspfcgmtio.
structure of e r hi l.on
T 2,%;@&[ 9 ré@j,fl hpues & %DBEPHHEBB§EhQB1E t® CRYBBK _

adduct s obt ai'n- one | € of _the_ph osp orodlhg ate
with from ylic aQ}QS saite i® b%"—‘ﬁﬁ?%s usuaPry2dptPo 0. 75 13

0.5 ol e of d!é?‘;@aﬂ% | afie OXjgi€ioPaisi Betweby et hyl eoeseli dadand U""

propyl ene OXI have "been found to_ be e eC|aﬁ%¥ usef ul nd t herefore are
preferred. T qﬁ' zuzﬂA4ﬁ§Qﬁ33£E%§%$duc 8 sfag;- F|S§Ppy
I llustrated ly,g:he ft | owi ng expoPtks. pref@sably from 0.5:1 to
50:1, and more preferably from 0.5:1 to
20:1. Further, the ratio can be from ' 0.5:1
to 4.5:1, preferably 2.5:1 to 4.25:1.

For this - purpose, the equivalent weight of a phosphoro-
dithioic acid is its molecular weight divided by the
number of -PSSH groups therein, and that of a carboxylic
acid is its molecular weight divided by the number of
carboxy groups therein.

A second and preferred method for preparing the
mixed metal salts useful in this invention is to prepare

" a mixture of the acids in the desired ratio and to react N

the acid mixture with a suitable metal base. When this
method of preparation is used, it is frequently possible
to prepare a salt containing an excess of metal with
respect .to the number of equivalents of acid present;
thus, mixed metal salts containing as many as 2 equiva-
lents and especially up to 1.5 equivalents of -
metal per equivalent of acid may be prepated. The equiv-
alent of a metal for this purpose is its atomic weight
divided by its valence. .
o Variants of the above-described. methods may
also be used to prepare the mixed metal salts useful in
this invention. For example, a metal salt of either '



Exanple D-21 A reactor is charged wth 2365 parts (3.33 noles) of
the zi nc phosphorodithioate prepared in Exam ple D2, and while
stirring at roomtenperature, 38.6 parts (0.67 nole) of propyl ene oxide
are added with an exotherm of from 24-31C. The mixture is naintained at
[err] for 3 hours and then vacuum stripped to [err] at 7 mm Eg. The
reskrye iIs filtered using a filter aid, and the filtrate 1is an oi
solution (11.8%o0il) of the desired salt -g@ntaining 17.1% sulfur
8.17% zi nc and 7.44% phosphorus. Exanple D-22 To 394 parts (by weight)
of zinc dioctylphos- phorodithioate having a phosphorus content of 7%
there is added atid ermgy Ise pablendédpwmphl ancaciddef( 8he other,pandhe of

t he zinc phos t 0 S. The

mixt ure i o hoat P At e Bfdnd ELEREN" yEenPERATE: Bhat makaY) Bsel T

(399 parts) |s f ound tC)Sn#ﬂQDIBG metal basephfousth@. preparation afdthel%

of sul fur. 5%5? th I hy a

dlthlophosphates Ich are utl %E%d ggcgﬁaéong§% g§88 ﬁ?ﬁglfugregéPPﬁ&
conpesi ti ons . ofeRUReratadntanty cpheir onopidespehy a@&cdgﬁvzeﬂk981d35|agdat

Ieast one of thradir asardy) 0" Exdthp, 165418 seami:ehyb} x%&acgsﬁagelhﬂe

oxygen atons t secondary carbon afgm In one erre

both of the qﬁ&ﬁ%ﬁ%@#ﬁy| QﬁkﬁlT%rrTxﬁ ﬁ'[e??}chE H¥@E€Héée'tozﬂﬁ6

-oXxygen at ons Qbﬂﬂﬂexﬂlda&uﬂxxd&uﬂﬁaékélnwmldeCaﬂdatueCaiben at ons. In a

he prepar ot on ot ¢ he e "EEmEEt e AF RIS PHRE Findd BRtaloRRES"

pentasulfide\Maneaapﬂenanaﬂ(ﬁlsﬂ|gtuﬂrailycbébweenmhereln3aPCIandt 20 nol e

percent of the Bpdcil € preferably up to 125°C. If the mixed salts
are prepared by neutralization of a mixture of acids
with a metal base, it is preferred to employ tempera-
tures above 50°C and especially above 75°C.
It is frequently advantageous to conduct the reaction in
the presence of a substantially inert, normally liquid
organic diluent such as naphtha, benzene, xylene, miner-
al oil or the like. If the diluent is mineral oil or is
physically and chemically similar to mineral oil, it
frequently need not be removed before using the mixed

W, ' metal salt as an additive for lubricants or functional

fluids.

U.S. Patents .4,308,154 and 4,417,970 describe
procedures for preparing these mixed metal salts and
disclose a number of examples of such mixed salts. Such
disclosures of these patents are ﬁereby incorporated by
reference. i
_ . The preparation of the mixed salts is illustrat-
ed by the following examples. All parts and percentages
are by weight.

~



-94- is isopropyl alcohol. More generally, such mixtures will contain
at least 40 nole percent of isopropyl alco- hol. The other alcohols in
the m xtures may be either primary or secondary al cohols. In some
applications, such as in passenger car crankcase oils, metals phosphor-

odi t hi oates derived froma m xture of isopropyl and another secondary

al cohol (e.g., 2-nethyl-4-pentanol) appear to provi de i nproved resul t s,
In diesel applica- tions, inproved resub%s e., wear) are obtained when
the phosphorodithioic acid is prepared onla m xt'ure of isopropyl alcohol
and a primary al cohol such as isooctyl alcohol. Another class of the
phosphorodi t hi oate addi - tives (D) phat,ed as useful in the

| ubricating com positions of the P%gﬁkﬁggk ? nprises mxed nmetal salts of
(a) at least one phoaphmmmtuﬁa(nofeuﬁlicpafhsnu(h.&B egudvaileats)ardt

St The cZ3RS,PrIBE | $hel 4€°FalkE ot Wiiefal of)) LX7BETPERT A °
usual |y 'conpamnungmpemahqu()and a m&Ktﬁﬂ%mﬁ@ gﬁbuparead(ﬁreqﬂu&hky ‘;;
oy 1 TEigmecostn Sy oo oo st Lo peliihg 39
carbon at onBartfe fPeREr egnivalent) jof agTQEh2££ﬁ$¢m@eChéQlﬂglshedﬂGdnula )

R3CooH,  whgegi N10 RAinutes.an a&n@haéérspepétu@él cmétsaexgr%a%@e based
radi cal preferably free fr q1acety|en- i C ag furation. Sui tabl e acids .-
c,

i ncl ude t hedBELBHAOI EhepefBEisiion: he¥hRR beiamole complpiRaei the W,
decanoi c, dpempepatareoctiadedaneasudl S 6 0Ss0d ¢ Bt ds3 aBouekl. aThe

olefinic aC|ds such as oleic, |inoleic, and I| olenjc acids and | ei c

aci d di mer. MBFUFRe ASst VESyum , 'StEIpRS dP%Ii@“ § g gYéEﬁdaﬁg

especially debiaedhenualeldyl n@tﬁﬂp salt asas Fae 9ppsobytion Bnhmphglragr oup.
011.

Example D—24

'Following the procedure of Example D-23, a
product is prepared from 383 parts (1 2 equivalents) of
a dlalkyl phosphorodithioic acid conta1n1ng 65% isobutyl
and 35% amyl groups, 43 pa:ts (0.3 equivalent) of 2-eth-
ylhexanoic acid, 71 pérts (1.73 equivalents) of zinc
oide and 47 parts of mineral oil. The resulting mixed
metal salt, obtained as 3'90% solution in mineral oil,
contains 11.07% zinc. ' |
(E) xylic E Derivative Compositions:

The' lubricating 0il compositions'of the present
invention also may contain (E) at least one carboxyllc
ester derlvatlve composition produced by reacting (E-1)
at least one substltuted succinic acylatlng agent with
(E-2) at 1least one alcohol or phenol of the general
formula -

R3 (OH ) (XII)

wherein R3 is a monovalent or polyvalent organic group
joined to the —-OH groups through a carbon bond, and m is



-95- Illustrative polycarboxylic acids are succinic, alkyl- and

al kenyl succinic, adipic, sebacic and citric acids. The m xed netal salts
may be prepared by nerely blending a netal salt of a phosphorodithioic acid
with a netal salt of a carboxylic acid in the desired ratio. The ratio of
equi val ents of phosphorodithioic to carbox- ylic acid salts is between

0.51 to 400: 1. Preferably, the ratio is between 0.5:1
and 200: 1. Advant ageously, the ratio n be from0.5:1 to

100: 1, preferably from 0.5:1. toB(F71, and nore preferably
from 0.5:1to 20 1 Further, the ratio can be from 0.5:1

to 4.5:dn PRl &g &p! 1to 1. For
pur pose, 't he eqU|vaIent Wei gh £fom lh%éphoro- 4P fh|8P8 35F8°F§lﬁFseSter
nol ecul ar wei grﬂe@i‘(ﬁfdétﬁ%y (B nareecinoludedsSingtbepeilhcompositidnishaio of

a carboxyllcamgfbvgaétshaggf?aéégerreﬂﬁérghxgged D¥at hen nu ﬁﬁegkpggggexy

groups therein.” A second an met for“preparing
netal salts usdfifin§m tthe F#ﬁﬂe‘?ltq’f)r\caébQ%Ybi@pdeélaaMYEUI(B)otOt karboxeds

i n-t¥re desired Ylaifd O gt O(HPgshedift ofh dtHéXBi'i Calk Eté EHlet g%ge%g?
base. Wien this od of, preparation is use | requen SS
prepare a salt i Rt 4§H98§9§ﬁ°%%ta?uﬁbtﬁsrﬁgﬁeéﬂt%UWEEE REAber of

equi val ents of txasi present t hus, m xed netal salts contalnlng as nmany as
-2 equiva- lents and especial H$ é’ c a i g i val ent s ?f net a
pexrequi val ent of acid ?2&7 u;ﬁ%lset'[:)’a ReFd FReeintc-acyiat 5‘3 a9/Bts ‘Eol)
this purpose i &¥hich atagre c nesiatied diwitledtlhy alcohalenoe. ph@nodst 8oofokihe
above- descrlbeqh@pt@q¥5dypilc ester derivatives (E) are identical to
acylating agents (B-~l) used in the preparation of the
carboxylic derivatives (B) described above with one
exception. The polyalkene from which the substituent is
derived is characterized as having a number average
molecular weight of at least 700. Number average
molecular weights of from 700 to - 5000 are
preferred. In one preferreé embodiment, the substituent
groups of the acylating agent are derived from polyal-
kenes which are characterized by an Mn value of
o 1300 to 5000 and an Mw/Mn value of 1.5 to
~/ 4.5. The acylating agents of this embodiment are identi-
cal to the acylating agents described earlier with re-
- spect to the preparation of the carboxylic derivative
compositions useful as component (B) described above.
Thus, any of the acylating agents described in regard to
the preparation of component (B) above, can be utilized
in the preparation of the carboxylic ester derivative
compositions useful as component (E). When the acylat4
- ing agents used to prepare the carboxylic ester (E) are
the same as those acylating agents:nsed for preparing
component (B), the carboxylic ester component (E) will
also' be characterized as a dispersant having VI proper-
ties. = Also combinations of component (B} and these



al so be used to prepare the m xed netal salts useful in this invention.
For exanple, a netal salt of either -96- acid may be blended with
an acid of the other, and the resulting blend reacted with additional netal
base. Suitable netal bases for the preparation of the m xed netal salts
include the free nmetals previously enunerated and their oxides,
hydr oxi des, al koxi des and basic salts. Exanpl es are sodlun1hydrOX|da~J
pot assi um hydr oxi de, magnesi um oxi de, _cal cium- hydroxide, zinc oxide,

| ead oxide, nickel oxide and the |ike. Tn@%enperature at which the mi xed
netal salts are prepared is generally between [err] and [err],

preferably up to_ err]. _If the mxed salts, are prepared
neutral i zati oRFBFERLRAXt G&?eéf ofcicpEmBAnent, 85)[ Hsedh N theails e‘PérFEE to

_[errpl fy }terrper ﬁnvéﬂtﬁafn apeevide supetﬁ:Q.Qﬁ' EHFW adﬂa(rta’f’é)@é’ﬁlstt:lcs to

err i's equent |y advant ageous ta con er ion in

presence of aLé bSPéﬁ’llsl aPty |}P§rt1 nveRtany | g%:ﬂ%r o?‘?%ﬁ’ctgﬁﬁﬂ as
napht hia blenzsuecmybenaclylmam&hg alagudts)r at]rsbl ldﬁn Bé umméwefm the Q

m neral oi ally nera o]]

frequently neéﬁéésggggoﬁennvggnbe& ?qﬁéi%igﬁﬁa cfﬁﬁe §{1%§té“e .
additive for ¢comppsitionsr whichi oraa1e f lugeful U.&& cmnmmenﬂ GE)B in4thed

4,417,970 des r for preparing these mxed netal salts
and dlsclose g£é9§%9 Qﬁ?ggﬁgsnfes of such m xed salts. Such disclosures B

these patents are hereBhei n§§¢b@ﬁa't1éd= bﬁsrté‘feré}ﬁ:fewamrﬂél%rmm$bh1©msthéu'
mxed salts igg)!|yperathodd BY e fabldvaideberiad Bucdnidddéy1a68ng

percentages agents with hydroxy compounds which may be alzphatlc
compounds such as monohydric and polyhydric alcohols or
aromatic compounds such as phenols and naphthols. The
aromatic ' hydroxy 'cdmpounds from which the esters may be
derived are illustrated by the following specific exam-
ples: phenol, beta-naphthol, alpha-naphthol, cresol,
resorcinol, catechol, p,p'-dlhydroxyblphenyl, 2-chloro-
phenol, 2, 4-d1buty1phenol, etc.

The alcohols from which the esters may be deriv-
ed preferably contain up to - 40 aliphatic carbon
atoms. They may be monohydric alcohols such as methan-
ol, ethanol, isococtanol, dodecanol, cyclohexanol, cyclo-
pentanol, behenyl alcohocl, hexatriacontanol, neopentyl
alcohol, isobutyl alcohol, benzyl alcohol, beta-phenyl-
ethyl alcohol, 2-methylcyclohexanol, beta-chloroethanol,
monomethyl ether of ethylene glycol, monobutyl ether of
ethylene glycol, monopropyl ether of diethylene glycol,
monododecyl ether of triethylene glycdi, mono-oleate of
ethylene . glycol, monostearate of dlethylene glycol, sec-
pentyl alcohol, tert-butyl alcohol, 5-bromo-dodecanol,
nitrooctadecanol -and dioleg;e of glycerol. The polyhy-
dric alcohols preferably contain from 2 to 10
hydroxy g:oups. They are'illuStrated by:. for example,
ethylene glycol, diethylene glycol, triethylene glycol,



are by wei ght. -97- Exanple D-23 A m xture of 67 parts (1.63
equi val ents) of zinc oxide and 48 parts of mneral oil is stirred at room
tenperature and a m xture of 401 parts (1 equiva- lent) of

i - (2-ethyl hexyl) phosphorodithioic acid and 36 parts (0.25 equival ent) of

2- et hyl hexanoic acid is added over 10 m nutes. The -tenperature
ianggses to 400C during the addition. When addition is conplete, the

tenpérature is increased to [err] for a_ hours. The mi xture is then
vacuum stripped at [err] to yield the deS|F8 m xed nmetal salt as a 91%
solution in mneral oil. Exanple D-24 Following the procedure

Exanple D 23, S red ar of
a di al kyl phosp ord%ggﬁfie%éac gg% a.ﬂ?#ggéégngobéﬁ F%aﬁd%qgg%?g%%éae
groups, 43 partaslyeeb, eofl:ibtatmx)eoglzceﬂh tynhukzﬁene gdycel, and pdhes

1.73 equival d a a .
gesul ti ng m xe?ialfﬂ fy@bﬂ%t a?ﬁedWﬂgghg 8850 |a§% Fr% ner-zgﬁ
contains 11. 0796 E9Mc. 2(?9 Carbo&y¢a§b9§téﬁomﬁrlvQFh?é G§ﬁ§§§|ﬂ0d8§yﬁn¥§

[UbWC&t' ng oi |l Pé@ﬁ’&ﬁét'ﬂE@l@éet&nyéﬁéfptmbﬂ&B@EhQ@ of §2yceRbl C%tn%i—”
(E) at |east one carboxyléc ester”_Tderivative EBOSItIOﬂ groduce

reacting (E-1) Skeayatgio cﬁ&yc%{ﬂéthﬂﬁeﬂeEBgélﬁ efcPFagt geagéntnﬁnﬁh
(E-2) at |eaﬁerpﬁﬁ;ﬁrphw,lwlﬁdﬁakyﬁstbarﬂenac&ﬂ ,f o, 2+batanedi-

-[EL;LgFt%tnLrga ol ¢ gﬁtﬂupexaneézoi éﬂaﬁ§a181? B?H%X% ?n%r%thrltol,
arabitol, sorbitol, mannltolr 1,2-cyclo-hexanediol, and
xylylene glycol.

An especially preferred class of polyhydric
alcohols are those having at least three hydroxy groups,
some of which have been esterified with a monocarboxylic
acid having from 8 to 30 carbon atoms such
as octanoic acid, oleic acid, stearic acid, linoleic
acid, dodecanoic acid, or tall oil acid. Examples of
such parrially esterified polyhydric alcohols are the
monooleate of sorbitol, distearate of sorbitol, mono-
oleate of glycerol, monostearate of glycerol, di-dodecan-
oate of erythritol. |

S . The esters may also be derived from unsaturated
alcohols such as allyl alcohol, cinnamyl alcohol, propar-
gyl alcohol, 1-cyclohexen-3-ol, and oleyl alcohol. Still
other classes of the alcohols éapable of yielding the
esters of this invention comprises the ether-alcohols
and amino-alcohols including, for example, the oxy-alkyl-
ene-, oxy-arylene-, amino-alkylene-, and amino-arylene-
substituted alcohols having one or more oxy-alkylene,
amino=-alkylene or amino-arylene oxy-arylene groups.

They are exemplified by Cellosolve, Carbitol, phenoxy-
ethanol, mono (heptylphenyl-oxypropylene)-substituted
glycerol, poly(styrene oxide), aminoethanol, 3-amino
ethylpentanol, di (hydroxyethyl) amine, p-aminophenol,



joined to the -OH groups through a carbon bond, and mis -98- an

integer of from1 to 10. The carboxylic ester derivatives (E) are
included in the oil conpositions to provide additional dispersancy, and in
sonme applica- tions, the ratio of carboxylic derivative (B) to carbox- ylic
ester (E) present in the oil affects the properties of the oil conpositions
such as the anti-wear proper- ties. The substituted succinic acylating
agents (E-1) which are reacted with the_ I&ghols or phenols to formthe
carboxylic ester derivatives (E) are idertical to acylating agents (B-1)
used in the preparation of the carboxylic derivatives (B) described above

wth one exc ' frogp_whi bsty | S ived
i s char acter%%ﬂkdﬂ%%rggb%Z%ggséver?gg@go%%%ﬁi V\E%H#tqrgnoéf é:ff# east
700. Nunber mingage FoNeNly ¥’ -tesrghydrogytrimekhylene dizminer and

5000 are prefgfdedyjgeln Oﬂgrpiﬁéghfbé‘é mleq' e et mﬁl%?ﬂ&l@rﬁaxﬂprs

of the acylating agent are derive rom_pol yal - kenes are

p A . .
characteri zedBy & M val utS0r oxyoslkydensyggoupsy ing whghvikhm adk k-
1.5 to 4.5. Tdife acytGipNdcefeainsof frbms aniedi nent @ @drii iat o et

acyl ating agents_described earlier with re- spect to the preparation of the -
carboxyl i ¢ deR¥%ER¥%RA eonpositions useful- as conponent: (B) descri bed
above. Thus, any of thrhecyésteng mggnbe ddestierad of suegdnid adids or

Phe car boxy! (4o B8, GRPEOEErve Sosso BRBRARIAY, ueoseridisd cHIMhype ()
the acyl at - iaxidgentas uswelloapr ppatéailiy estiexiflied ealyhydiaraladre
same as  thqgpey g acyy atpdngPent s;Uecy bRteRsCHAiNY free alcoholic or
phenolic hydroxyl groups. Mixtures of the above-illus-
trated esters likewise are contemplated within the scope
of this invention. o _—
A suitable class of esters for use in the lubri-
cating compositions of this invention are those diesters
of succinic acid and an alcohol having up to S
- aliphatic carbon atoms and having at least one substitu-
ent selected from the class consisting of amino and car-
boxy groups wherein the hydrocarbon substituent of the
succinic acid is a polymerized butene substituent having
a number average molecular weight of from 700 to
5000. L
‘The esters (E) may be prepared by one of sever-
al known methods. The method which is preferred because
of convenience and the superior properties of the esters
it produces, involves the reaction of a suitable alcohol
or phenol with a substantially hydrocarbon-substituted
succinic anhydride. The esterification is usually car-
ried out at a temperature above 100°C, preferably
between '150°C and 300°C. The water formed as a by-pro-
duct 1is removed by distillation as the esterification
proceeds. -



conponent (B), the carboxylic ester conponent (E) wll also be
characterized as a di spersant having VI proper- ties. Al so conbi nati ons
of conponent (B) and these -99- preferred types of conponent (E) used
in the oils of the invention provide superior anti-wear characteristics to
the oils of the invention. However, other substituted succinic

acy ating agents also can be utilized in the preparation of t he
carboxylic ester  derivative conpositiel02sich.are useful as conponent
(E) in the present invention. The carboxylic ester derivative
conpositions (E) are those of the above-described succinic acylating
agents with hydroxy conpdondmosti ccases lﬁhealdqubm:dydimrqxhznjsiemmwbves

nonohydri c and yhydr ho o]

and naphthol s. REE a?o h§XEL9% £§ g%t%o th %%?%ﬁgﬁ% lﬁfjhe este s y
be derived are FiPOstaBdedthe tnelasnwswmgm@ms(: Oéxéﬁhlqh d the [Praml
beta napht hol , éh@ﬁa'aﬂghtﬁﬁkf1651§°|toreagEﬁgﬁEhe Cate@@ﬂse ently, the

dlhydroxybmﬁhenx or o- phenol utylp enal ,

ool s from wAFefueke et eFBCHayIBé‘:&éPPvlSe be éﬁ@%wd ddh kR TmS RE
to . 40 al tpeapr6cessbpy Phebh. it 1§hibrﬁﬁﬂ be nonohydric al cohol s
such as nethan- ol, ethanol

pentanol , behenyl al coho 8§é§§8§%aﬁggn8&p e thpﬂ egﬁga$§§ENHQ¥§;ﬁ
-l cohol , benzylchécoheplabemenﬁheatl-thbhybubbtdhﬁhedZsmebwwndﬂdnﬂya@wﬁﬂ,
beca. ohl o oet hagely TRARTELDYLaEbRALS" SERANLER ol mgRIAR M SLAS of
of triethylene g¢y@©l,rﬁbdblﬂleanéenQOedBywdmetgbmc@t hqmp&nanunﬂsaaﬁove
diethylene glycol, secjpgec and are thus converted to their anhydrides
| which are then esterified by the reaction with the alco-
hol reactant. In this regard, succinic acids appear to
be the substantial equivalent of their anhydrides in the
process. | _ ’

The relative proportions of the succinic react-
ant and the hydroxy reactant which are to be used depend
to a large measure upon the type of the product desired
and the number of hydrokyl groups present in the mole-
cule of the hydroxy reactant. For instance, the forma-

o/ tion of a half ester of a succinic acid, i.e., one in
which only one of the two acid groups is esterified,
involves the use of one mole of a monohydric alcohol for
each mole of the substituted succinic acid reactant,
whereas the formation of a diester of a succinic acid
involves the use  of two moles of the alcohol for each
mole of the acid. On the other hand, one mole of a hexa-
hydric alcohol may combine with as many as six moles of
a succinic acid to form an ester in which each of the
six hydroxyl groups of the alcohol is esterified with
one of the two acid groups of the succinic acid. Thué,
the maximum proportion of the succinic acid to be used
with a polyhydric alcohol is determined by the number of



pentyl al cohol, tert-butyl alcohol, 5-brono-dodecanol, nitrooctadecanol

and dioleate of glycerol. The polyhy- dric alcohols preferably contain
from 2 to 10 hydroxy groups. They are illustrated by, for
exanpl e, ethylene glycol, diethylene glycol, triethylene glycol, - 100-

tetraethyl ene glycol, dipropylene glycol, tripropylene glycol, .
di butyl ene glycol, tributylene glycol, and ot her al kyl ene glycols in mhiQP;
the al kyl ene group contains from .2 to _ _8 carbon atoms. Qher usefu
pol yhydric al cohol s include glycerol, nnnagﬁeate of glycerol, nono-
stearate of glycerol, nononethyl ether of glycerol, pent- aerythritol,

2. i hexaned, o LGB GEbibs | QAL Thn Fhe BofeBRIR"SE She pyaroxy

2, 4- hexanedi ol",” pi nri ar abt SOrD
1, 2-cycl o- hexareatitdant and xIayleme gémbodimentespestersyoptaficededycitss of

P I e RSSO of S5ABYAP ebubedche, BECaLBIANE WA Epatare
8 to 3@nfaransh hydraxy keackantt axei Prafpgredei c acid, stearic o
acid, linoleic actd, dodpcagoné aghscamiéesal heois advintByeEletoOtatigh =
partially esterified polyhydric al cohols, are the nonool.eate _of sorbitol; .
di stearate of Qﬂﬁtﬂéhé{ %%#kﬁl CatEOR QPchLGI,PﬁﬁﬁﬁQF@apgté Getalyss ol
di - dodecan- oaucipf & ytdulfwtic Thecdd} erpypbdineshylicodhlorddef,r dpdro- _
 cohol - T- oy Gtk BHidr o ReRrele 9%3@@38?#”%?% Brhétlepelslidons®'
t he al cohol s axdghbl phdsphat il nacidie estang othehi knowneesiterifdcationas
the ether-al el am ! cghghie! "6E|2ha%cata1yE TR Ehe' action
may be as little as 0.01% (by weight of the reaction
mixtu:e),'moré often from 5§. S |
The eStérs (E) méy be obtained by the reaction
of a substituted succinic acid or anhydride with an epox-
ide or a mixture of an epoxide and water. Such reaction
is similar to one involving the acid or anhydride with a
glycol. For'instance, the .ester may be preparéd by the
reaction of a substituted succinic acid with one mole of
ethylene oxide. Similarly, the ester may be obtained by
the reaction of a substituted succinic acid with two
moles 6f ethylene oxide. Other epoxides which are com-
monly available for use in such reaction include, for
example, propylene oxide, styrene oxide, 1,2-butylene
oxide, 2,3-butylene oxide, epichlorohydrin, cyclohexene
okide, 1,2-octylene oxide, epoxidized soybean o0il, meth-
yl ‘ester of 9.104ep¢xy-stearic'acid, and butadiene mono-
epoxide. | Fof the most part, the epoxides are the alkyl-
ene oxides in which the -alkylene group has from 2 to
'8 carbon atoms; or the epoxidized fatty acid es-
ters in which the fatty acid group has up to 30
carbon atoms and the ester group is derived from a lower
alcohol having up to 8 carbon atoms.



ene-, oxy-arylene-, am no-al kyl ene-, and am no-aryl ene- substituted

al cohol s havi ng one or nore oxy-al kyl ene, am no-al kyl ene or

am no-aryl ene oxy-arylene groups. They are exenplified by Cellosol ve,
Carbitol, phenoxy- ethanol, '

nono( hept yl phenyl - oxypr opyl ene) - substi tuted gl ycerol, pol y(styrene
oxigg), am noet hanol, 3-am no et hyl pent anol di (hydroxyet hyl) am ne,

p- am nophenol , -101- tri(hydroxypropyl )sk@4e, - - N-hydroxyethyl ethylene
di a- m ne, N, N, N , N-tetrahydroxytrinethylene diamne, and the Iike.

For the nost part, the ether-alcohols having up to 150 oxy-al kyl ene
groups in which the al kylln eddewyr af that HFuecinigmcidter anhydride, a

carbon atons ar gupsefituted Biﬁ:cﬁ%ﬁf S d@a‘)ﬁ bensh £d erRaPf BeICCHHEE PRI €ReOr
acidic esters I al I%@ esteri f| ed succinic acids; as well as
partially ester PrfPs&S&aswﬁA W fRholREeRPaRing ckhe eshetSng
free al coholic suchherdidc Malri@ed nHyYWs. add&tdﬁmﬁdé@ﬁ &bpyedithusr-
trated esters likew se ar, cont g@late mnthln %ﬁpe of. this |nven¥h

A shitabl e cl asd96Fes 19Fides uﬁF} JATherides
~this invention substh&mtedleshecanﬂb:manhydxndzsciandieaczdsoﬂmm bevpne-up

Lo 9 aliphatic paaelonsdhOmydNd ARG And ARl 1 HPAi i il esl o

fromthe class ESASIst | boxy~ gr oups
-hydr ocar bon subwiithuedt &fighhe molesudiar actelight a Gefinrorcal-balegenated

substi tuent hthQﬁr%ea@B%?ersu@%ﬁréﬂﬁ iy dﬁ?%fﬁe&wﬁﬁﬂﬁhéﬁcﬁié¥?naﬁlon of

700 to 5000. The™ esters prepar y one of sever nown

met hods. The n@Pho@lffildh Pelymere e previously. The reaction
involves merely heatlng the reactants at a temperature
preferably from 100°C to 250°C. The product

from such a reaction is an alkenyl succinic anhydride.
The alkenyl group may be hydrogenated to an alkyl group.
The anhydride may be hydrolyzed by treatment with water
or steam to; the corresponding acid. Another method
useful for 'preparing the succinic acids or anhydrides
involves theéteaction of itaconic acid or anhydride with
an olefin or a chlorinated hydrocarbon at a temperature
usually w1th1n the . range from +100°C to

250°C. The succ1n1c acid halides can be prepared by the
reaction of the acids or their anhydrides with a halogen-
ation agent such as phosphorus tribromide, phosphorus
pentachloride% or thionyl <chloride. These and other
methods of preparing the carboxylic esters (E) are well
known in the;art and neéd not be illustrated in further
detail here. For example, see U.S. Patent 3,522,179
which is hereby incbrporated by reference for its dis-
closure of the preparation of carboxylic ester composi-
tions useful ias component (E). The preparation of car-
boxylic ester; derivative “compositions from acylating
agents whereih - the substituent groups are derived from
polyalkenes characterized by an Nn of at least



of conveni ence and the superior properties of the esters it produces,
Involves the reaction of a suitable alcohol or phenol wth a substantially

hydrocar bon-substituted succinic anhydride. The esterification is
usually car- ried out at a tenperature above [err], preferably
between [err] and [err]. The water fornmed as a by-pro- duct is renoved
by distillation as the esterification proceeds. - -102- In nost cases t\Q9

carboxylic ester derivatives are a mxt gl esters, the precise chenical
conposi- tion and the relative proportions of which .in the pro- .duct are
difficult to determne. Consequently, the product of such reaction

i's best descriggghlggteEgp of thegyen & MWD Edtis 4P FEs fks to

nodi fi cati on ©

bove process i-nvolves the replace f
substituted succini c4anAgdr dgsomibed Ha dbr¥e gEs£§£1ﬁ§§ %§+ﬂh is
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[err] and are_t-hus” convert to t e| anhydr.i des ﬁ? hen_ est r|f|ed
by the reactlﬁﬂsﬁfiheﬂhelﬁlc&hQNﬂ 433 patept arg @ §ﬁ c ?ﬁﬁﬁfﬁréﬁﬁ q‘/
aci ds appear havbhgt h@itwin aheial stlucﬂﬂﬁﬂﬂanﬁawémageamhydtlHeastnltﬂ

process. The relatiye pro ortlo of the sucgl n .
hydr oxy 'r eact 3RECHRLEN FEOURS b H%p%%‘f%i%n# %feglﬁgaéﬁsée‘g?éggt?he
type of the pemﬂuqtodpsured and the nunber of hydroxyl groups present in

t he nole- culée of the %%roi%ﬂﬁﬁ&tr@t e:f vé? ﬂrséfﬁ‘téor EéEEer a-

hal f ester of a succini one | one of e two ac
groups is estéE)fand th#v@nnﬂesaﬂslﬁﬂ?(ﬂrQﬂﬁikﬁﬂeﬁﬂﬁ a?%%hﬁﬁydrlc alcohol_

for ~ Example E-1

A substantielly hydrocarbdn-substituted succin-
ic anhydride is prepared by chlorinating a polyisobutene
having a number average molecular weight of 1000 to a
chlorine content of 4.5% and then heating the chlorin-
ated polyisobutehe' with 1.2'molar propertions of maleic
anhydride at a temperature of 150'220°C. A mixture of
874 grams ({1 mole) of the succlnlc anhydrlde and 104
grams (1 ‘mole) of neopentyl glycol is maintained at
240-250°C/30 mm for 12 hours. The residue is a mixture
of the esters resulting from the esterification of one
and both hydroxy groups of the glycol. N

. Example E-2 '

The dimethyl ester of'the:substantielly hydro-
carbon4substituted succinic . anhydriae of Example E-1 is
prepared by heating a mixture of 2185 grams of the anhy-
dride, 480 grams of methanol, and 1000 cc of toluene at
50-65°C while hydrogen chloride is bubbled through the

reaction mixture for 3 hours.  The mixture is then
heated at 60-65°C for 2 ‘hours, dissolved in benzene,
washed with water, dried and filtered. The filtrate is
heated at 150°C/60 mm to remove volatile components.
The residue is the desired dimethyl ester.



each nole of the substituted succinic acid reactant, whereas the formation
of a diester of a succinic acid involves the use of two noles of the

al cohol for each nole of the acid. on the other hand, one nole of a hexa-
hydric al cohol may conbine with as many as six noles of a succinic acid to
forman ester in which each of the six hydroxyl groups of the alcohol is

estgrified wth one of the two acid groups t he succinic acid. Thus, the
maxi mum proportion of the succinic acid t o~pB6Tsed with a pol yhydric
al cohol is determ ned by the nunber of -103- hydroxyl groups present

in the nol ecul e of the hydroxy reactant i ope enbodi nent, esters
obt ai ned by the reaction of equinolar & ﬁﬁﬁﬂ? eoF=Phe succinic acid react-

ant and hydroxy reactant Phe Eubstartialby snyarocasbanesabsitﬁthted suc-
advant ageous to Qar out he stfr;ﬁlcat ence

f.a.
catalyst such | afind e $OF | ExERRLE Bl nis) BRFRERITTIRE i sea,
acid, benzene mwﬁhnnanzunthemra1¢0Mmb sagfofiotlewsd, pAompkeore aci &500r

any ot her known esterlf I n h I

Cho \react i on maptae | o043 UHEEER Y8 ghe, AEvaEITH bng 1 Al BEBRE (%32
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Example E-4

A mixture of 926 grams of a polylsobutene—sub—

stituted succinic anhydride having an acid number of

121, 1023 grams of mineral oil, and 124 grams (2 moles

per mole of the anhydride) of ethylene glycol is heated

at 50-170°C while hydrogen chloride is bubbled through

the reaction mixture for 1.5 hours. The mixture is then

heated to 250°C/30 mm and the residue is purified by

~washing with aqueous sodium hydroxide followed by wash-

(] ing with water, then dried and filtered. The filtrate
is a 50% oil solution of the desired ester.
' Example E-5

_ A mixture of 438 grams of the polyisobutene-sub-
stituted succinic anhydride prepared as is described in
Example E-1 and 333 grams of a commercial polybutylene
- glycol having a molecular weight of 1000 is heated for
10 hours at. 150-160°C. The residue is the desired

ester. '

. Example E-6

A mixture of 645 grams of the substantially
hydrocarbon-substituted succinic anhydride prepared as
is described in Example E-1 and 44 grams of tetramethyl-



nonly avail able for use in such reaction include, for exanpler propylene
oxi de, styrene oxide, 1,2-butylene oxide, 2,3-butylene oxide,

epi chl or ohydrin, cycl ohexene oxi de, 1,2-octylene oxi de, epoxi di zed soybean
oil, meth- yl ester of 9,10-epoxy-stearic acid, and butadi ene nono-

epoxi de. For the nost part, the epoxides are the alkyl- ene oxides in
which the alkylene group has from2 to 8 carbon atons; or the epoxidi zgd
fatty acid es- ters in which the fa{og-acid group has up to 30 carbon
atons and the ester group is derived froma-lower al cohol having up to

8 carbon atons. -104- In lieu of the succinic acid or anhydride, a
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group. The FHEWiFddadryi®ceb¥8rQ! yzed by treatnent with water or steam .
to the corresponding acid. Anot her nethod useful for preparing the \J

succinic acids or anhydrides invol vE¥amRder Exdtion of itaconic acid or
anhydride with an ol i rmpft@réhlefl a56ed rhngr @(falab%nﬁs%ﬂ@waéwe

usual l'y \Mtglltutéga sucé&nlc anhydrlde perarLd as is described in
Example E-1 and 350 grams (0.35 mole) of the monophenyl
ether of a polyethylene glycol haVing a molecular weight
of 1000 is heated at 150-155°C for 2 hours. The product
is the desired ester.
- Example E-8 _

A dloleyl ester is prepared as follows- a mix-
ture of 1 mole of a polyisobutene-substituted succinic
anhydride prepared as in Exémple E-l, 2 moles of a com-
mercial oleyl alcohol, 305 grams of xylene, and 5 grams
of p-toluene sulfonic acid (esterification catalyst) is -/
heated at 150-173°C for 4 hours whereupon 18 grams of
water is collected as ‘the distillate. The residue is
washed with water and the organic layer dried and filter-
ed. The filtrate is heated to 175°C/20 mm and the resi-
due is the desired ester. _
- Example E-9

An ether-alcohol is'prepared by the reaction of
9 moles of ethylene oxide with 0.9 mole of a polyisobu-
tene-substituted phenol. in which the polyisobutene sub-
stituent has a number average molecular weight of 1000.
A substantially hydrocarbon-substituted succinic acid
ester of this ether-alcohol is prepared by heating a
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acivds or their anhydrides with a hal ogen- ation agent such as phosphorus

tribromd

ot her nmethods of preparing the carboxylic esters (E) are well

The succinic acid hélides can be preéepared by the reaction of the

e, phosphorus pentachloride, or thionyl chloride. These and

known in the

art and need not be illustrated in further detail here. For exanple,
see\ U S. Patent 3,522,179 which is hereby incorporated by reference for
dis- closure of the preparation of carboxyd8€ ester conposi- tions useful
as conponent (E). The preparation of car- boxylic ester derivative
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mai ntai ned at the polyisobutene. The anhydride has an acid number of
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about 22. An ester is prepared by heating a toluene .

solution of an equimolar mixture of the above anhydride
and a commercial alkanol consisting substantially of
C12-14 alcohols at the reflux temperature for 7 hours
while water is-remoﬁed by azeotropic distillation. The
residue is heated at 150°C/3 mm to remove volatile
components and diluted with mineral oil. A 50% oil
solution of the ester is obtained. '
Example'E-ll

A mixture of 3225 parts (5.0 equivalents) of

the polyisobutene-substituted succinic acylating agent

prepared in Example 2, 289 parts (8.5 equivalents) of

pentaerythritol and 5204 parts of mineral -0il is heated
at 224-235°C for 5.5 hours. The reaction mixture is
filtered at 130°C to yield an o0il solution of the desir-
ed product.

, The carboxylic ester derivatives which are des-
cribgd above resulting from the reaction of an acylating
agent with a hydroxy-containing compound such as an
alcohol or a phenol may be further reacted with an amine
(E-3), and particularly polyamines in the manner describ-
ed previously for the reaction of the acylating agent
(B-1) with amines (B-2) in preparing component (B). Any



240-250C/ 30 mm for 12 hours. The residue is a mxture of the esters
resulting fromthe esterification of one and both hydroxy groups of the
glycol. Exanple E-2 The dinmethyl ester of the substantially hydro-
carbon-substituted succinic anhydride of Exanple E-1 is prepared by
heating a m xture of 2185 grans of the anhy- dride, 480 grans of .
nmet hanol , and 1000 cc of toluene at [err] while hydrogen chloride is o’
bubbl ed -t hrough the reaction mxture for 3 hours. The mxture is
then heated at 60-650C for 2 hours, dissd09%sd in benzene, washed with
water, dried and filtered. The filtrate is heated at [err] mmto
renove vol atil e conponents. The residue is the desired dlnethyl ester.
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alcohol for each equivalent of acylatlng agent, this
" small amount of amine is sufficient to react with minor
amounts of non-esterified carboxyl groups which may be

present. In one preferred embodiment, the amine-modi-
fied carboxyiic acid esters utilized as component (E)
are prepared by reacting i 1.0 to 2.0 equivalents,
preferably | 1.0 to 1.8 equivalents of hydroxy
compounds, and up to 0.3 equivalent, preferably

0.02 to ' 0.25 equivalent of polyamine per

equivalent of acylating agent.

In another embodiment, the carboxylic acid
acylating .agent (E-1) may be reacted simultaneously with
both the alcohol (E-2) and the amine (E-3). There is
generally at least ) 0.01 equivalent of the alcohol
and at least 0.01 equivalent of the amine although the
total amount of equlvalents of the combination should be
at least 0.5 equivalent per equlvalent of acylat-
ing agent. These carboxylic ester derivative composi-
tions which are useful as éomponent (E) are known in the
art, and the preparatlon of a number of these deriva-
tives is described in, for example, U.S. Patents
3,957,854 and 4,234,435 which are hereby incorporated by
reference. The following specific examples illustrate
the preparation of the esters wherein both alcohols and
amines are reacted with the acylating agent.



the reaction mxture for 1.5 hours. The m xture is then heated to [err] mm
and the residue is purified by washing w th aqueous sodi um hydr oxi de

foll owed by wash- ing with water, then dried and filtered. The filtrate
is a 50%o0il solution of the desired ester. Exanple E-5 A m xture of 438
grans of the polyisobutene-sub- stituted succinic anhydride prepared as is
desgrjbed in Exanple E-1 and 333 grans otgg_connerC|al pol ybut yl ene gl ycol
havi ng a nol ecul ar wei ght of 1000 is heat %5r 10 hours at. [err].

The residue is the desired ester. Exanple E-6 A m xture of 645 grans of

the substantially hydrocarbon-substit cgin,c anhydride prepared as is
descri bed in. Exanple E-1 and 44 grgn§§§$ fgtgaﬂathyl-. ene glycol is
heated at [err] for 2 h8ur@ixtuget loifs 3¥dxpares ({02 eéquivalient) Sdf ghans
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o/ held at 210°C for 3.2 hours. The reaction mixture is
cooled to 190°C and 8.5 parts (0.2 equivalent) of a com-
mercial mixture of ethylene polyamines having an average
of about 3 to about 10 nitrogen atoms per molecule are
added. The reaction mixture is stripped by heating at
205°C with nitrogen blowing for 3 hours, then filtered
to yield the filtrate as an o0il solution of the desired
product. _

Example E-13

A mixture is prepared by the addition of 14
parts of aminopropyl diethanolamine to 867 parts of the
oil solution of the product prepared'in Example E-11 at
190-200°C. The reaction mixture is held at 195°C for
2.25 hours, then cooled to 120°C and filtered. The
filtrate is an oil solution of the desired product.

Example E-14 ' _

A mixture is prepared by the addition of 7.5
parts of piperazine to 867 parts of the oil solution of
the product preéared in 'Example E-11 at 190°C. The
reaction mixture is heated at 190-205°C for 2 hours,
then cooled to 130°C and filtered. The filtrate is an
0il solution of the desired product.

| Example E-15

A mixture of 322 parts (0.5 equivalent) of the

polyisobutene-substituted succinic achating agent pre-



A dioleyl ester is prepared as follows: a mx- ture of 1 nole of a

pol yi sobut ene-substi tuted succinic anhydride prepared as in Exanple E-1, 2
nol es of a com nercial oleyl alcohol, 305 grans of xylene, and 5 grans of
p-toluene sulfonic acid (esterification catalyst) is heated at [err] for 4
hours whereupon 18 grans of water is <collected as the distillate. The
residue is washed with water and the organic layer dried and filter- ed.;
The filtrate is heated to [err] mm and-jjpe-resi- due is the desired ester.
Exanple E-9 An ether-al cohol is prepared by the reaction of 9 noles of

ethyl ene oxide with 0.9 nole of a polyisobu- tene-substituted phenol. in
whi ch the pphyedobineBxaingte B+2 1668 pasts nznoeéqayeaaeﬁtmyl @@bern-v»ei ght
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Example E-16

The ptocedure for Example E-15 is repeated
except the 5.3 parts (0.13 equlvalent) of ethylene poly-
amine is replaced by 21 parts (0 175 equivalent) of tris-
(hydroxymethyl)amlnomethane.

Example E-17

A mixture of 1480 parts of the polyisobutene-
substituted succinic acylating agent prepared in Example
E-6, 115 parts (0.53 equivalent) of a commercial mixture
of Cl12-18 straight-chain 'prima;y ‘alcohols, 87 parts
(0.594 equivalent) of a commercial mixture of Cg8-10
straight-chain primary alcohols, 1098 parts of mineral
0il and 400 parts of toluene is heated to 120°C. At
120°C) 1.5 parts of sulfuric acid are added and the reac-
tion mixture is heated to 160°C and held for 3 hours.
To the reaction mixture are then added 158 parts (2.0
equivalents) of n-butanol and 1.5 parts of sulfuric
acid. The reaction mixture is heated at 160°C for 15
hours, and 12.6 pafts (0.088 equivalent) of amihopropyl
morpholine are added. The reaction mixture is heid at
160°C for an additional 6 hours, stripped at 150°C under
vacuum and filtered to yield an o0il solution of the
desired product.



while water is renoved by azeotropic distillation. The residue is heated at
[err] mmto renove vol atile conponents and diluted with mneral oil.

A 50% o0il solution of the ester is obtained. Exanple E-1I A m xture of 3225
parts (5.0 equival ents) of the polyisobutene-substituted succinic acylating
agent prepared in Exanple 2, 289 parts (8.5 equivalents) of pentaerythritol
and, 5204 parts of mneral oil is heated atyq4err] for 5.5 hours. - The
reaction mxture is filtered at [err] to yi'efd an oil solution of the
desir- ed product. The carboxylic ester derivatives which are des- cribed
~above resulting fromthe reaction of_ggaﬁgikaFng agent with a

hydr oxy- cont ai ni ng conmpound such as an a or a phenol may be further
reacted with an anine (& Bixtuse of di86f PaAstsHAE aripekyischwkenphnsub-

describ- ed prgyieygkd f8hckiRiteagh {@@ﬂfdé '}F‘a@ﬁl%aéd f%@ﬂﬁ@ieﬁﬁ waidhth

amnes (B-2) in preparlgg conponent m nes
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1 anount ahassineThensaf hixtame of 182 partsh of rrpaiyetiiyletepoly-
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enbodi nent t ha an ne
ing to that of tetraethylene pentamine and characterized

by a nitrogen content of about 36.9% and an equivalent
weight of about 38, and 33 parts of a triol demulsifier
is added to the preheated o0il and acylating agent over a
period of about 0.5 hour. The triol demulsifier has a
number average molecular ~weight of about 4800 and is
prepared by reacting propylene oxide with glycerol and
thereafter reacting that product with ethylene oxide to
form a product where -CH2CH20- groups make up about
18% by weight of the demulsifier's average molecular
W ' weight. An exothermic reaction takes place causing the
temperature to rise to about 120°C. Thereafter the
mixture is heated to 170°C and maintained at that temp-
erature for about 4.5 hours. Additional oil (666 parts)
is added and the product filtered. The filtrate is an
0il solution of a desired ester-containing composition.
_ Example E-19
(a) A mixture comprising 1885 parts (3.64
equivalents) of the acylating agent described in Example
E-18, 248 parts (7.28 equivalents) of pentaerythritol,
and 64 parts (0.03 equivalent) of a polyoxyalkylene diol
demﬁlsifier having a numbef average molecular weight of
about 3800 and consisting essentially of a hydrophobic
base of - |



fied carboxylic acid esters utilized as conponent (E) are pfepared by

reacting 1.0 to 2.0 equivalents, preferably 1.0 to 1.8
equi val ents of hydroxy conpounds, and up to 0. 3 equi val ent,
preferably 0.02 to '0.25 equival ent of polyam ne per equival ent

of acylating agent. In another enbodi nent, the carboxylic acid acylating._.
agent (E-1) nmay be reacted sinultaneously with both the alcohol (E 25\

and the amne (E-3). There is generalﬁ} 3t | east 0.01 eqU|vaIent
of the al cohol and-at |east 0.01 equival ent of t he am ne al t hough the total
anount of equivalents of the conbinati d be at | east 0.5

equi val ent per equival ent of acyl at- F%BC%QS 0= These carboxylic ester

derivative conposi- tions which are useful as conponent (E) are known in
the art, and the re n,of unber. of .these deri.,va- S S

descri bed ?or QEég ﬁ%droesge1°PaF§ﬁF§n§395?95§$°Q§ui%fZSﬂC%%%'mhich
are hereby IB\EO-FIOQImit&d, bythef enaneer compird sihgl lapp rox inite Iy crexapl es
illustrate the, ££ pag % ?tgrs wher e %o%g al cohol s, and an1ne~l
are reacted $¥t ? g™ Séﬁ t aﬁfahﬁﬁee OR FAQM, kERpe K7
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at 2100C for ours. e reacti on mxture i s coo 00C an .5
parts (0.2 RAeWERENt ) of a4 com nmercial nixture of ethylene polyan1nes
having an average (b) To the ester-contalnlng compositioén pro-

duced according to (a) above, there are added over a 0.3
hour period (while 'maintaining a temperature of 200-
210°C. and nitrogen blowing) 39 parts (0.95 equivalent)
of a polyethylenepolyamine mixiure having an equivalent
- weight of about 41.2. The resulting mass is then main-
tained at a temperature of about 206-210°C for 2 hours
during which time the nitrogen blowing is continued.
Subsequently, 1800 parts of low viécosity mineral oil
are added as a diluent and the resulting mass filtered
at a temperature of about 110-130°C. The filtrate is a ./
45% o0il solution of the desired ester-containing composi-
tion. '
Example E-20
(a) An ester-containing composition is prepar-
ed by ‘heating a mixture of 3215 parts (6.2 equivalents)
of a polyisobutenyl-substituted succinic anhydride as
described in Example E-18, 422 parts (12.4 equivalents)
of pentaerythritol, 55 parts (0.029 equivalent) of the
polyoxyalkylene diol described in Example E-19, and 55
- parts (.034 equivalent) of a triol demulsifier having a
number average molecular weight of about 4800 prepared
by first reacting propylene oxide with glycerol and



of about. 3 to about 10 nitrogen atons per nol ecul e are added. The
reaction mxture is stripped by heating at [err] with nitrogen blow ng for
3 hours, then filtered to yield the filtrate as an oil. solution of the
desired product. Exanple E-13 A m xture is prepared by the addition of 14
parts of am nopropyl diethanolamne to 867 parts of the oil solution of
t he,product prepared in Exanple E-11 at [err]. The reaction mxture is
hel dat [err] for 2.25 hours, then cool e¢lld-[err] and filtered. The
filtrate is an oil solution of the desired product. Exanple E-14 A m xture
is prepared by the addition of 7.5 parts of piperazine to 867 parts of the
oi | solution dhergafigpduceachingar thati progughpwéthEethylend exdide tkhe
reaction m xt ' eatgd f hou Q er
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pol yi sobut ene-Jibstyd i1 €4/CCaAN EempeYhelirBY 88€NhbBLE- 200-23/00¢ With
Exanpl e E-2, 68 parts (2.0 eguival ents) of pen- taer*thrltol and 508
par ts” of i nefbitrRgen s RWERg 40509y 06 hpurs.5 The,resultiag gfacon
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oisol ution %Lfgk%(ﬁ%¥regk&ﬁgdugi;2E§9gp£3dgélgo the composition pro-
duced according to (a) over a 0.6 hour period while
maintaining a temperature of about 200-210°C with nitro-
gen blowing. The resulting mass is then heated an addi-
tional 2 hours at a temperature of about 207-215°C, with
continued nitfogen blowing and subsequently 2950 parts
of low viscosity mineral diluent oil are added to the
reaction mass. Upon filtration, there is obtained a.45%'
0il solution of an ester- and amine-containing composi- -
tion.
Example E-21
(a) A mixture comprising 3204 parts (6.18
o/ equivalents) of +the acylating agent of Example E-18
above, 422 parts (l12.41 equivalents) of pentaerythritol,
109 parts (0.068 equivalent) of the triol of Example
E-20 (a) is heated to 200°C over a 1.5 hour period with
nitrogen. blowing and thereafter maintained between 200-
212°C for 2.75 hours with continued nitrogen blowing.
(b) Subsequently, there are added to the
ester-containing composition produced according to (a)
above, 67 parts (l.61 equivalents) of a polyethylene
polyamine mixture having an equivalent weight of about
41.2. This mass is maintainéa at a temperature of about
210-215°C for about one hour. A low viscosity mineral
diluent o0il (3070 parts) is added to the mass, and this



The procedure for Exanple E-15 is repeated except the 5.3 parts

(0. 13 equival ent) of ethylene poly- amine is replaced by 21 parts (0.175
equi val ent) of tris- (hydroxynethyl)am nonet hane. Exanple E-17 A mxture
of .1480 parts of the polyisobutene- substituted succinic acylating agent
prepared in Exanple E-6, 115 parts (0.53 equivalent) of a comerci al

m xture of Cl2-18 straight-chain primary al cohols, 87 parts-(0.594
equivalent) of a comercial mxturell®- C8-10 straight-chain primary
al cohol s, 1098 parts of mneral oil and 400 parts of toluene is heated to
[err]. At [err], 1.5 parts of sulfuric acid are added and the reac- tion
mxture is Ikattexiab 1590Cfahternedd fadr A temperaturdeh®f edsdut®ONLPOXEUr e

are then ad 1 (2 gyiz¥al ent but nol and 1. arts. of
sul furic acid. IE é?eeac go% l‘lrsn\éxt‘)ﬁirﬁ"eil)osl?'| ra&tnecﬁ’ at?} AMHNT d'r‘°‘g £:h%‘ar s,
and 12. 6 pararaxybic cggtetkent) of ani nopropyl norpholine are added.

The reaction mxture is held at [erg; d|t|onal 6 hours, stripped
ége

at 1500C under vacuum and flltere oil solution of the"

desired product. A1 mixkang efEIQQOApﬁmsUp& @blya@@mstreme diawing

ol yi sobut eny! ti u hydr Vi Y i ght -
07 Sbout sad( e veedsg Aol et e NALHE bR LB 100 Blémod = O

charact eri zRRERE a Gunbdholes) agE Wé{lééGI anhﬁérgﬁ? ds hearethdto abut i ne

content of 4%Ac ah@quieD! agaﬁaanut.xs pbleshepe %mwﬂn%eﬁ;y ‘11 Qprts -
of diluent qil heat ed t o_900C wh bl ow ng nitrogen through the
mass. Then %égh e1%&‘5%??s°8FraapB?§éPﬁyP§néBGP$ ¢'hours while

maintaining the temperature at about 185-190°C. The
mixture then is blown with nitrogen at this temperature
for several hours, and the residue is the desired poly-
isobutene-substituted -succinic acylating agent.

‘A -solution of 1000 parts of the above-prepared
acylating agent in 857 parts of mineral oil is heated to
about 150°C with stirring, and 109 parts (3.2 equiva-
lents) of pentaerythritol are added with stirring. The
mixture is blown with nitrogen and heated to about 200°C
over a period of about 14 hours to form an oil solution
of the desired carboxylic ester intermediate. To the
intermediate, there are added 19.25 parts (.46 equiva- -/
lent) of a commercial mixture of ethylene polyamines
having ' an average of about 3 to about 10 nitrogen atdms

- per molecule. The reaction mixture is stripped by heat-
ing at 205°C with nitrogen blowing for 3 hours and fil-
tered. The filtrate is an oil solution (45% o0il) of the
desired amine-modified carboxylic ester which contains
0.35% nitrogen.

' Example E-23

A mlxture of 1000 parts (0.495 mole) of polyiso-
‘butene having a number average molecular weight of 2020
and a weight average molecular weight of 6049 and 115
parts (1.17 moles) of maleic anhydride is heated to



am ne mi xture having an average conposition correspond- ing to that of
tetraet hyl ene pentam ne and echaracterized by a nitrogen content of about
36. 9% and an equi val ent wei ght of about 38, and 33 parts of a triol

demul sifier is added to the preheated oil and acyl ati ng agent over a period
of about 0.5 hour. The triol denulsifier has a nunber average nol ecul ar
weight of about 4800 and is prepared by reacting propylene oxide with

gl ycerol and thereafter reacting that proelé-=w th ethylene oxide to forma
product where -CH2CH20- groups nake up about 18% by wei ght of the

demul sifier's average nol ecul ar wei ght. An exotherm c reaction takes

pl ace causi ng ilid°Cemosrext ure haurs; seduring awhich | ekithe 85Tharesf t(dr 2t he

45 hours. Adaloiend 85 AR EHY AE” Bladd BeddiEn €8 KhPrapp, R gH'
The filtrate i @dddtdionadol B9 opafts dedid2d mole) -eHreklor hgecanpoaddedn.
D et ar Byero, & "WBEE SPTIAAL N0 00Ot frald D Bpbhgolenh
equiwal ents) onlssegsar yatr i tld6-1,C 62?%r-t%5 (kmtuzaseqdfbal epsidue is a
pol yoxyal kyl engodiqls oB@Fen® -fshitys tit il 2 SUEHR iA@Y Sdrtdfd FPAECUhaG ing! 9at
of about 3800 and“consisting essentially of a hydrophobic base of [err]
units with K&p8§rdpREis: numbes i Shottions of -CH2C [err] units, the
-lratter conprising approa MgollueildiPo RE We4 @it pHits L, lenageivatent) cof
Dlowing the B PROREEAAFER oRUCo Crarhya T i $ PREHS oL qmin-
‘tenperature okradbouil 2Q6- AEAEed o X50°QuddHd ot 5 parts (1.19 equiv-
alent) of pentaerythritol are added over 10 minutes,
with stirring, at 145-150°C. The mixture is blown with
nitrogen and heated to 205-210°C over about 14 hours to
yield an 0il solution of the desired polyester intermed-
iate. '

Diethylene triamine, 4.74 parts (0.138 equiva-
lent), is added over one-half hour at 160°C with stir-
ring, to 988 parts of the polyester intermediate (con-
taining 0.69 equivalent of substituted succinic acylat-
ing agent and 1.24 equivalents of pentaerythritol).

N/ Stirring is continued at 160°C'for one hour, after which
289 parts of mineral o0il are added. The mixture is
heated for 16 hours at 135°C and filtered at the same
temperature, using a filter aid material. The filtrate
is a 35% solution in mineral oil of the desired amine-
modified polyester. It has a nitrogen content of 0.16%

- and a residual acid number of 2.0. '

Example E-24

Following the procedure of Example E-23, 988
parts of the polyester intermediate of that example are
reacted with 5 parts (0.138 equivalent) of triethylene .
tetramine. The product is diluted with 290 parts of
mineral oil to yield a 35% solution of the desired



period of about 8 hours while continuing the nitrogen blow ng. (b) To

t he ester-containing conposition pro- duced according to (a) above, there
are added over a 0.3 hour period (whi-l e nmaintaining a tenperature of 200-
210C and nitrogen blow ng) 39 parts (0.95 equivalent) of a

pol yet hyl enepol yani ne mi xture having an equival.ent weight of about 41.2.

The resulting mass is then main- tained at_a tenperature of about [err] t&y
2 hours during which tine the nitrogen pléd#i-ng i s continued. Subsequently,
1800 parts of low viscosity mneral oil are added as a diluent and the
resulting mass filtered at  a tenperature of about Eerrb_ The f||trate S
a 45% oi I sop#dngTmedifiediepobyeetesr - conti nFRELR <153% QLLERaEH) e

E-20 (a) An afiehaGOtd §idd {Eu 4P ROsd hafbke BECRAT. ed by heating a
m xture of 3215. parts (6.2 eqU|vaIents{ of a.ignywsobutenyl substituted

succi ni c-anhydri de as described in 422 parts (12.4
equi val ents) of pentw@éﬂﬁaeﬁy&hrﬁéopartazce OﬁﬁrEBUKlaUOnéhuﬂVdﬂﬁhts) R

polyoxyalkylene di descri bed_in_Exa art w
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with ni trogeg bl ow ggf o AAe 6 DoUASatdBCtbeTHERLNBVEEATD Akt &
is an ester- 3nta|n|ng conp03|

’ blown with nltrogen for 6 hours at 205-210°C. It is
then diluted with 384 parts of mineral cil and cooled to
165°C, and 5.89 parts (0.1l4 equivalent) of a commercial
ethylene polyamine mixture containing an average of 3-7
nitrogen atoms per molecule are added over 30 minutes at
155-160°C. Nitrogen blowing is continued for one hour,
after which the mixture is diluted with an additional
304 parts of oil. Mixing is continued at 130-135°C for

15 hours after which the mixture is cooled and filtered

using a filter aid material. The filtrate is a 35%
solution in mineral o¢il of the desired amine-modified
polyester. It contains  0.147% nitrogen and has a

residual acid number of 2.07.
‘Example E-26

A solution of 417 parts (0.7 equivalent) of the
polyisobutene-substltuted succinic .anhydride of Example
E-23 in 194 parts of mineral oil is heated to 153°C and
42.8 parts (1.26 equivalents) of pentaerythritol are
added. The mixture is heated at 153-228°C for about 6
hours. It is then cooled to 170°C and diluted with 375
parts of mineral oil. It is further cooled to 156-158°C
and 5.9 parts (0.14 equiéglent) of the ethylene poly-
amine mixture of Example E-25 are added over one-half
hour. The mixture is stirred at 158-160°C for one hour



(b) Subsequently, 67 parts (1.63 equival ents) of a pol yethyl enepol yam ne
m xt ure havi ng an equi val ent wei ght of about 41.2 are added to the
.conmposition pro- duced according to (a) over a 0.6 hour period while
mai ntai ning a tenperature of about [err] wWith nitro- gen blow ng. The
resulting mass is then heated an addi- tional 2 hours at a tenperature of
aboyt ,[err], with continued nitrogen blow ng and subsequently 2950 parts of
I ow viscosity mneral diluent oil are addeghjg.the reaction mass. Upon
filtration, there is obtained a 45%oil solution of an ester- and
anine-containing conposi - tion. Exanple E-21 (a) A nixture conprising
3204 parts (6ah@ equilvdlednwitipfar nﬂﬁcamiapgame‘%a : f’}lg’o’eg
| arts

above, 422 parts, (12.41 ui val ents) of pentaerythr 109
equival ent) of ?ﬁ‘e &F; oP‘igf" S’e %eak%?i Qof% hRR¥s pand 5

hour period witfiditereden altl owsrsg’candlglhﬁj ee&tenmf\t a i hded veen. 20Ppe

212C for 2.75 h h ganti_nued nit.ro (b). ubse entI

there are gﬁ‘.g%r‘é’ge t 8 o8 - 855 (fle%e:?l’géi(ﬂﬁjﬁg'?’t ’brF"b rof ng

to (& above, 6¢hparam1©2rﬂbda¢uedal@mlgesﬁén%rxﬂnuﬂdnd&ﬂnsrnﬂlﬁfﬂﬂﬁtro-

m xture havi ng eguizv n t .af ThIS mass i s

mai nt ai ned at aa?gnggPa?hge%oggkga . faﬁﬁﬁgﬁghé% about one hour. A low

viscosity mineral diluent oil (3070 pafxample Bdd@d to the mass, and this

~115- material is filter e o] fidt )
£d13bwink rra%@ttugﬁé;sr §b e Hocelfe dz{ EfiE

i S\ 45% oi | SO|EtI0n gf an am né-nodifie
a product is prepared from 421 parts (0.7

equivalent) of a polyisobutene-substituted succinic
anhydride having a total acid number of 93.2, 43 parts
(1.26 equivalents) of pentaerythritol and 7.6 parts
(0.18 equivalent) of the commercial ethylene polyamine
mixture. The initial oil charge is 196 parts and sub-
sequent charges are 372 and 296 parts. The product (a
35% solution in mineral oil) contains 0.2% nitrogen and
has a residual acid number of 2.0.

The lubricating oil compositions of the present
invention also may contain, and preferably do contain,
at least one friction modifier to provide the lubricat-

A% ing o0il with the proper frictional characteristics.
Various amines, particularly tertiary amines are effec-
tive friction modifiers. Examples of tertiary amine

friction modifiers include N-fatty alkyl-N,N-diethanol
amines, N-fatty alkyl-N,N-diethoxy ethanol amines, etc.
Such tertiary amines can be prepared by reacting a fatty
. alkyl amine with an appropriate number of moles of ethyl-
ene oxide. Tertiary amines derived from naturally occur-
- ring substances such as coconut oil and oleoamine are
available from Armour Cheg}cal Company under the trade
designation “Ethoméen“f Particular examples are the
Ethomeen~C and the Ethomeen-0O series.

-

¥ registered Trade or Service Mark.



A mxture of 1000 parts of polyisobutene having a nunber average nol ecul ar
wei ght of about 1000 and 108 parts (1.1 noles) of nmleic anhydride is
heated to about [err] and 100 parts (1.43 noles) of chlorine are added
beneath the surface over a period of about 4 hours while maintaining the
tenperature at about [err]. The mxture then is blown wth nitrogen
at this tenperature for several hours, and the residue is the desired p

i sobut ene-substituted succinic acylatin 3 ent. A solution of .1000 parts of
t he above-prepared acyl ating agent in 85% garts of mneral oil is heated to
about [err] wth stirring, and 109 parts (3.2 eqU|va- | ents) of

pentaerythritol are a ?;#dglébﬁgéiﬁi@%.ogggg ﬁa% héhbggmngkhglglhrogen

and heated to about 2 over a perl RdtiPs orm-an oi
sol ution of ﬂﬂdﬂﬂiﬂlﬁﬁ#&}ﬂkﬂﬂ@&lc sulfidest canddi podysudfidesi whereddi at e;
there are gagged N§)+Qf g ¥ m re of
et hyl ene pol yam ne%' ?Hu}]ﬁ gtg%‘?%iéﬂgr&go%ttg tagczsagout %Sa}rlﬁst r)éggn
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[err] with nigggagarerdy 0Wimy d1¥ AWSHSaeDsg i bill C6sfiposiENEnEI bEr the I
an oil soluti,on { 45% oil) of the desired am ne-nodified carboxylic ester

whi ch cont ai ; |trogen Exanple E- 23 A m xture of 1000 parts (O. 495"
nol e) of pol (F90- B 3 ¥ i DG e A1pBhalhg:of 2020
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AN the ' present invention is at least one part1a1 fatty acid
ester of a ‘polyhydric alcohol, and generally, up to
1% by weight of the partial fatty acid esters
appears  to provide the desired friction-modifying char-
acteristics. The hydroxy fatty acid esters are select-
ed from hydroxy fatty acid esters of dihydric or poljhy-
dric alcohols or oil-soluble oxyalkylenated derivatives
thereof. ' ' '

The term "fatty acid" as used in the specifica-
tion and claims refers to acids which may be obtained by
the hydrolysis of a naturally occurring vegetable or
animal fat or oil. These acids usually contain from

8 to 22 carbon atoms and include, for exam-

ple, caprylic acid, caproic acid, palmitic acid, stearic
acid, oleic acid, linoleic acid, etc. Acids containing
from. 10 to 22 carbon atoms generally are pteferred, and
in some embodiments, those acids containing from 16 to
18 carbon atoms are especially preferred.

" The polyhydric alcohols which can be utilized
in the preparation of the partial fatty acids contain
from 2 to 8 or 10 hydroxyl groups, more generally
from about 2 to’ 4 hydroxyl groups. Examples of
suitable polyhydric alcohols include ethylene glycol,
propylene glycol, neopentylene glycol, glycerol, penta-



additional 59 parts (0.83 nole) of chlorine are added over 4 hours at
[err]. The mxture is blown with nitrogen at [err] for 26 hours. The
residue is a polyisobutene-substituted succinic anhydride. having a total
acid nunmber of 95.3. A solution of 409 parts (0.66 equivalent) of the
substituted succinic anhydride in 191 parts of min- eral 'oil 1is heated to
1500G.and 42.5 parts (1.19 equiv- al ent) ﬁFQpentaerythrltol are added over
10 mnutes, with stirring, at [err]. The ture is: blown with nitrogen and
heated to 205-2100C over about 14 hours to yield an oil solution of the

cau var oty STEehELERTE. et8iC: | RS bnyBB  an (GRS > 4880,
parts of the mmg@gteedbnterBeﬂyhydr@COalcbhbﬂbngomtegn@mg\knwan afkoxy
substi tuted 51#{ \fgf a§é1éfi‘t ?éngmégﬁﬂkg ”Qpé(?& " ?&Hb@:f on;p,s ey be.

pentaerythrit cont
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[err] and filtgg Eg%%t the sane tenperature, using a filter aid materia
TheNHi Itrate is a 3b%solution in nmneral oil of the desired anine-

modified polyester. $@ikaBle nparsgad céatéit acid eskensd of rrelyhit
aci d nunber ofge;@. éiéaﬁbfsE'EﬂcfﬁhEQWAEGrtQQa Fﬁ%@dﬁﬂﬁd%ﬁ RS & L3

988 parts of tfuaékayester |nterneglate of exanple are reacted\Mt
-5 parts (0. 138 LR} e9NBT t #NEt h F-@ﬁéef-'ét'raﬁf‘ﬁe Pent?ﬁéytﬁ’r‘b‘cﬁﬂ:]t 3

diLat ed with 2968 pee t stefestepsal Thé pe:uandfatairo/mqauumz@‘ éfhegly-

desired “Lléro1 are preferred, and of the glycerol esters, mono-
esters, or mixtures of monoesters and diesters are often
utilized. The partial fatty acid esters of polyhydric
alcohols can be prepared by'methods well known in the
art, such aé by direét eSterification of an acid with a
polyol, reaction of a fatty acid with an epoxide, etc.

It is generally preferred that the partlal fat-
ty acid ester contain olefinic unsaturation, and this
olefinic unsaturation usually is found in the acid moi-
ety of the ester. In addition to natural fatty acids
containing olefinic unsaturation such as oleic acid,

W/ ' octeneoic acids, tetradeceneocic acids, etc., can be
utilized in forming the esters.

The partial fatty acid esters utilized as fric-
tion modifiers (component (F)) in the lubricating oil
compositions of the present invention may be present as
components of a mixture containing a variety of other
components such as wunreacted fatty acid, fully esteri-
fied polyhydric alcohols, and other materials. Commer-
cially available partial fatty acid esters often are
mixtures which contain one or more of these components
as well as mixtures of mono- and diestérs of glycerol. |

One method for preparihg monoglycerides of
fatty acids from fats and o0ils is described in Birnbaum



S

am ne-nodi fied polyester. It contains 0.15% nitrogen and has a
residual acid nunber of 2.7. Exanple E-25 Pentaerythritol, 42.5 parts (1.19
equi valents) is added over 5 mnutes at 1500C to a solution in 208 parts
of mneral oil of 448 parts (0.7 equivalent) of a

pol yi sobut ene-substituted succinic anhydride simlar to that of Exanple..
E-23 but having a total acid nunber of 92. The mixture is heated
2050C over 10 hours and blown wth nit en for 6 hours at [err]. It
is then diluted with 384 parts of miner oil and cooled to [err], and
5.89 parts (0.14 equivalent) of a comrercial ethylene polyamne mxture

contai ni ng ‘F@ﬁ erﬁgﬁﬁﬁtm&éﬁa‘ 'PHen al o fﬁ?{%&e‘%’ﬁ%‘é&cf‘i e&dfﬁdgﬁigr 30
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solution of 417 parts (0.7 equival en of ‘th | soput ene-substit )
succi ni c anh3@® i deY of weltaRs é’ﬁEJ‘E’J‘Q# t£e'b¥ ﬁ% F°’B| I is hggf‘ed to
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o examples of commerglally available material comprising
fatty a¢id esters_of lecerol include_Emery 2421 (Emery
Industries, Inc.), Cap ™ City GMO (Capital), DUR-EM 114,
DUR-EM GMO, . etc. (Durkee Industr1a1 Foods, Inc.) -and
various materials identified under  the mark MAZOL GMO -
(Mazer Chemicals,' Inc.). Other examples. of partial
fatty acid esters of polyhydric alcohols may be found in
K.S. Markley, Ed., "Fatty Acids™, Second Edition, Parts
I and V, Interscience Publishers (1968)<  Numerous com-
mercially available fatty acid esters of polyhydric
alcohols are 1listed by tradename and manufacturer in
McCutcheons' Emulsifiers and Detergenﬁs, North American
and International Combined Editions (1981).
| The following example ‘illustrates the prepara-
tion of a partlal fatty acid ester of- glycerol.
Example F-1

A mixture of glycerol oleates is prepared by
reacting 882 parts of a high oleic-content sunflower oil
which comprises about 80% oleic acid, about 10% linoleic
acid ‘and the balance 'sagyiated triglycerides, and 499
parts of glycerol in the presence of a catalyst prepared
'by dlssolv1ng pota551um hydroxlde in glycerol. The reac-
tion is conducted by heating the mixture to 155°C under

"z



and diluted with an additional 295 parts of mneral oil. It is- blowm with
nitrogen at [err] for 16 hours and filtered at [err] using a filter aid
material. The filtrate is the desired 35% solution in mneral oil of the

am ne-nodified polyester. It contains 0.16%nnitro- gen and has a total acid
nunber of 2.0. Exanple E-27 Follow ng substantially- the procedure of Exam
pla\§-26 a product is prepared from421 parts (0.7 equival ent) of a
pol yT sobut ene-substituted succinic anhydudjgedhaving a total acid nunber of
93.2, 43 parts (1.26 equivalents) of pentaerythritol and 7.6 parts

(0.18 -equivalent) of the comercial ethylene polyam ne m xture. The
initial oil chaagmisragénpaspargad suhd th&nehha(tli@l’ggﬁﬁd%rre xﬁl&o@@ch AYx

parts. The prodvgt a 35%s iégg gkneral oil) con%% 2% nltrogen
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The lubrlcatlng oil com9051tlons of the present
invention also may contain at least one neutral or basic
alkaline earth metal salt of at least one acidic organic
compound . Such salt compounds generally are referred to
as ash-containing detergents.i The acidic organic com-
pound may be at least one sulfur acid, carboxylic acid,
phosphorus acid, or phenolf or mixtures thereof.

Calcium, magnesium, barium and strontium are
the preferred alkaline earth metals. Salts containing a
mixture of ions of two or more of these alkaline earth

W, metals can be used.

The salts which are useful as component (G) can
be neutral or basic. The neutral salts contain an amount
of alkaline earth metal which is just sufficient to neu-
tralize the acidic groups present in the salt anion, and
the basic salts contain an excess of the alkaline earth

metal cation. Generally, the basic or overbased salts
are preferred. The basic or overbased salts will have
metal ratios of up to " 40 and more particularly
from 2 to 30 or 40.

A commonly employed method for preparing the
basic (or overbased) salts comprises heating a mineral
0il solution of the acid with a stoichiometric excess of



-119- Sul fur-containi ng conpounds such as sulfurized Cl12-24 fats, alkyl
sul fides and pol ysul fi des wherein the al kyl groups contain froml to 8

.car bon at ons,

and sul furized polyolefins also may function as friction

nodifiers in the lubricating oil conpositions of the invention. (F)
Fatty Acid Ester of Pol yhydric Al cohols: In one enbodi nent, a
preferred friction nodifi- er to be included in the |ubricating oi

Parti al

conpositions of the present invention is-jg34east one partial fatty acid

ester of a polyhydric al cohol, and generally, up to 1% by wei ght of the

parti al

fatty acid esters appears to provide the desired friction- nDdlfy[ng

char- acteri sgi CﬁetalThéut&hd.& (?‘ agtenta,CIe:Lges,t e smew:ael sexidé; EBedform

hydroxy fatt TR ho
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o or o) By eC. YBeR Ol A R o W %a ) B0 OB

atons and i nch.nde;pbuatémm ofl e ttxearl@:lge: eame.ﬁs &ﬁ)rmbahm dThese nproc .
aci d, stearlcmggbg Okﬁbﬁua%'dsddﬂuﬂéaqb ﬁgﬁgﬁ% ialnguéLOﬁlv
erre and in odl nent s,

10 to 22 carbon-a
t hose acids c8hancmEmg Ehsﬁn16nh9nﬁi«xﬂﬁﬂhﬁhﬂlxnﬁk#!ﬂﬁhﬁﬁ%lalFglﬁPE¢%rred

The polyhydrpg, abaekardzedh %m@arpﬁ&dat Iduazetshé r\rébﬁo@ée@@ﬁaén@awént he-
y aCi.ds contain from 2 or 10 h OXX
Fikptatos diAHES o

parti al

fatt

generally "are pre

nor e generalIPIPﬁBﬁFsasguforﬂahﬁthde Wlth¢§|ghﬁQ3&&
sui tabl e pol yhydei csabholael meithenols, d-pdopanal ywetyl alcohol, cello-—

solve carbitol, ethylené, glycol, stearyl alcohol, and

-cyclbhexyl alcohol;  amines such as aniline, phenylenedi-

amine, phenothiazine, phenyl~beta-naphthylamine, and
dodecyl amine, etc. A particularly effective process
for preparing the basic salts?comprises mixing the acid
with an excess of the basic alkaline earth metal in the
presence of the phenolic promoter and a small amount of
water and carbonating the mixture at an elevated tempera-
ture, e.g., 60°C to 200°C.

As mentioned above, the acidic organic compound
from which the salt of component (G) is derived may be
at least one sulfur acid, carboxylic acid, phosphorus
acid, or phenol or mixtures thereof. Some of these

acidic organic compounds (sulfonic and carboxylic acids)

previously have been described above with respect to the
preparation of the alkali metal salts (component (C)),
and all of the acidic organic compounds described above
can be utilized in the preparation of the alkaline earth
metal salts useful as component (G) by techniques known
in the art. In addition to the sulfonic acids, the
sulfur acids include 'thio;hlfonic, sulfinic, sulfenic,
partial ester - sulfuric, sulfurous and thiosulfuric
acids.



propyl ene glycol, neopentyl ene glycol, glycerol, penta- -120-
erythritol, etc. Et hylene glycol and glycerol are preferred.

Pol yhydri c al cohol s containing | ower al koxy groups such as nethoxy
and/or ethoxy groups nmay be utilized in the preparation of the
partial fatty acid esters.” Suitable partial fatty acid esters of polyhy-
drig_sal cohols include, for exanple, glycol nonoesters, glycerol nono-
and diesters, and pentaerythritol di- andippggiriesters. The partial fatty
acid esters of gly- cerol are preferred, and of the glycerol  esters, nono-
esters, or mxtures of ‘nonoesters and diesters are often utilized. The
partial fatty acid ester‘lﬁhe)f pEritawalent al plobspliordsnachés wsepaletn Pie
met hods wel | k ar d ct_esterificatio f.an acid
with a polyol, ‘re ctl on &% at%me Lég é?d’éep‘é?%eng?glgy the
general ly pref@pﬂ@&lﬁhat the partial fat- ty aC|d ester contain olefinic
unsaturation, and this olefinic wunsaturation wusually is found in the acid
moi - ety of the ester. In addition to natural fatty acids containing
ol efhic unsaturation such as oleic acid, oct®heoic acids,
t'etradeceneoic acids, etc. can be g8 {R1ye form ng the esters. The

i
partial fatty acid esters utlllzed as frlc- tlhnl qhtlers (conponent (F))
in the lubricating oil conpositions of the presef™ ention may be present
“as conponents of a mxture containigd(¥R)MArl ety of other conponents
S as unreacted fatty acid, fully esteri- fied polyhydric alcohols, and
other materials. Commer- cially available partial fatty acid esters often
are nixtures wwheedont @achonefor Rdbr andf tRéess dydrsyed or a hydrocar-

bon or essentially hydrocarbon group preferably having
from 4 to 25 carbon atoms, at least one of
R3 ‘and R4 being hydrocarbon or essentially hydrocar-
bon; each of X1, X2, X3 and X4 is oxygen or sul-
fur; and each of aand b is 0 or 1. Thus, it will be
appreclated ‘that the phosphorus acid may be an organo-
. phosphor1c, phosphonlc or phosphinic acid, or a thio
analog of any of thesé.
The phosphorus acids may be those of the form-
ula '

R30
. P(O)OH
R40

wherein R3 is a phenyl group or (preferably) an alkyl
group having up to 18 carbon atoms, and R4 is hydrogen
or a similar phehyl "or alkyl group. Mixtures of such
phosphorus acids are often preferred because of their
ease of preparation.
Component (G) may “also be prepared from phen- |

ols; that is, compounds containing a hydroxy group bound
directly to an aromatic ring. The term "phenol" as used



as well as m xtures of nono- and diesters of glycerol. One met hod for
preparing nonoglycerides of fatty acids fromfats and oils is described

i n Bi rnbaum -121- U S. Patent 2,875, 221. The process described in
this patent is a continuous process for react-ig. glycerol and fats to
provide a product having a high proportion of nonoglyceri de. Anmong t he
-commercially avail able glycer- ol esters are ester mxtures containin
at | east 30% by weight of nonoester anrili2z§enerally from 35%to
65% by wei ght of nonoester, 30%to 50% by weight of diester, and
the balance in the aggre- gate, generally |ess--than 15% is a

m xture of trheal'sﬂlé't ‘inel ¢%tt90wpdndﬁd banéngcmesenshan. opsehydroxy
exanpl es I I -
P )?CW e Yo &Y aakgﬁhe;{(m&%g? SG8EPBsS bagelioly, dt

esters of gl ude Ener ¥ | ndust rles Cap--City
GMOD ( Capi t al JGin®JR @AdL1 YQIJP&W°(ER/D dtcalsppipgdud eﬁnéd-i‘tyrllpi!en%ds

Inc.) and valduys 4@t egnl Scréﬁlsmél anedetuys!@henbhe.rr&hh Mﬁ@ny@wne(d\hzer
Chem cals, 1Inc.). artial fatt, aci.d._esters of
pol yhydric al®%hol s r%&eg%q%% n?ﬁ Kpge obfir kFeptal E&%g Bkt a5k pne
Second Editi GiLky¥kr tsuBstitueéht | ntensaining Publ i sBedd0( haas)espe&ﬂaanqus L
Com T Y vel LN T oRc g Rbs” *a8karlb BERYASHERRIS! Rosli g
Det er gent s, Iymédbyvnnidndeeqﬂbhenelmattehahpﬁopbnneal&a&atedb @h@n@l ___QV
CSF ol o1 4 VesRRARAEL "ol 8T gnehbta, O phefl dorcic 2
prepared by rigrtimare gsthamrtenef alkydhssvbetd éGﬁFeﬂ@Ys@d-ﬁl%\h@r used x
but the monoalkylphenols are preferred because of their
availability and ease of production. _
Also useful are condensation' products of the
above-described phenols with at least one lower aldehyde
or ketone, the term  "lower" denoting aldehydes and
ketones. containing not more than 7 carbon atoms. Suit-
able aldehydes include formaldehyde, acetaldehyde, pro-
pionaldehyde, the butyraldehydes, the valeraldehydes and
benzaldehyde. Also suitable are aldehyde-yielding rea-
gents such as paraformaldehyde, trioxane, methylol, )
Methyl Formcel and paraldehyde. Formaldehyde and the U/
formaldehyde-yielding reagents are especially preferred.
‘The equivalent weight of the acidic organic
compound is its molecular weight divided by the number
of acidic groups (i.e., sulfonic acid or carboxy groups)
present per molecule. . : : S
The amount of component (G). included in the lub-
ricants :of the present invention also may be varied over
a wide range, and useful amounts in any particular lubri-
cating o0il composition can be readily determined by one
skilled in the art. Component (G) functions as an auxil-
iary or supplemental detergent. The amount of component
(G) contained in a lubricant of the invention may vary
from 0% to 5% or more.



whi ch conpri ses about 80% ol eic acid, about 10%linoleic acid. and the

bal ance saturated triglycerides, and 499 parts of glycerol in the presence
of a catalyst prepared by dissolving potassium hydroxide in glycerol. - The
reac- tion is conducted by heating the mxture to [err] under -122- a
nitrogen sparge, and then heating under nitrogen for 13 hours at [err].
Them xture is then cooled to less than [err], and 9.05 parts of 85%
phosphoric acid are added to neutralize thg2eatal yst. The neutralized reac-
tion mxture is transferred to a 2-liter separatory funnel, and the

| ower | ayer is renmoved and di scarded. The upper. |layer is the product whi ch
contains, by analy- sis,Thé. QﬁbbWowkhghteghmpEesl1mmﬂeekaeéeth§3§3@bara-

oL IeEr) Ao DU i f 2 1B BB D! KTERDLAL! bALER: SoehE) bty
g

t he present inwgeiwh a8 tomponemtt éEh.at- | east one neutral or basic

al kaline earth netal salt of at |east §£§%§Eédbc organlc conpound. Such
salt conpounds generally are referred asSh=cont ai ni ng detergents.
The“ati di ¢ organic com Ppodtid!tlmg 05906 pauts oﬂeaaubillr satutiionanboanl i c

aci.d, phosphorygia d, X S m
barium and st rontlﬁfjlm arhegqt e, pr e feﬁ’é%n a+ﬁ{?| ngﬂgg?tél ﬁhﬁ{ﬂg;”?%?agg
containing a niB& %ﬁqykﬁ i HRIGHE ¢ \RF 0r499 thE%étilwﬂiDﬁéaéapth nePAal s

-¢an be used. Tiparts t Tofiere A eswsrfp&reé lﬁé’éﬁ)@ﬁlﬂﬁhh 6£—idéaanae%2|9ugaa§£ﬁ0r
net a I C IS

D TS TNl SR AL A8 R0 kTR e F FnfRabure o
ani on, and the 18a85 ¢ $at ts hoord aitna amtexef aBowf 8LBE>< abkalmné3 eaumtih feet) of
carbon dioxide per hour. The reaction mixture is
constantly agitated throughout the carbonation. After
carbonation, the reaction mixture is stripped to
165°C/2.7 kPa (20 tor) and the residue filtered. The filtrate is
an o0il solution (34% o0il) of the. desired overbased
magnesium sulfonate having a metal ratio of about 3.'
Example G-2
A polyisobutenyl succinic anhydride is prepared
by reacting a chlorinated poly(isobutene) (having an
average chlorine content of 4.3% and derived from a
"~/ _ polyisobutene having a number average molecular weight
of about 1150) with maleic anhydride at about 200°C. To
a mixture of 1246 parts of this succinic anhydride and
1000 parts of toluene there is added at 25°C, 76.6 parts.
of - barium oxide. The mixture is heated to 115°C and 125
parts of water is added drop-wise over a period of one
hour. The mixture is then allowed to reflux at 150°C
until all the barium oxide is reacted. Stripping and
filtration containing the desired product.
_ Example G-3
A basic calcium s&ifonate having a metal ratio
of about 15 is prepared by carbonation, in increments,
of a mixture of calcium hydroxide, a neutral sodium



metal cation. Generally, the basic or overbased salts are preferred.
The basic or overbased salts will have netal ratios of wup to

40 and nore particularly from 2to 30 or 40. A comonly

enpl oyed nethod for preparing the basic (or overbased) salts conprises
~heating a mneral oil solution of the acid with a stoichionetric excess of

-123- a netal neutralizing agent, e.g., a netal oxide, hydrox- ide, o/
carbonate, bicarbonate, sulfide, etc., afjgpanpera- tures above
50C. In addition, various pronoters may be used in the neutralizing

process to aid in the incorporation of the |arge excess of netal. These

pro- noters ipetréPesmChsGRFBAHRES atalldufheedliorided) nfdtHGRS. arfd %an

phenol , naphthgl ,_al kyl phenol, thiophen- ol, sulfurized alkylphenol and
the various d%ﬁﬁ%%s%?gﬁﬁfproducts of formal dehyde with a phenolic

substance; al co- hols such as net haggampdepGadanol, octyl al cohol, cello-

sol ve carbitol, ethylepe, glycal, stea al_cohal , d_cycl ohexyl. al gohol
am nes such as aniline, pﬂgﬁ§95ﬁedpk aﬁéhe,parﬁﬁengﬁﬂiggi ,gl 3&1, éig]f“
phenyl - bet a- rpgtts$y| afri water an@.@ddpayts afi calciamc chlorddesys t7% \paartis/ d
effective proggess pr ri th I GesSal onpry 1 XI cid -
with an exces‘gfofl{rﬁée' ba%lqg a ggl [ ggggr ;aﬁ ﬂrr'g;tgy&l_ ﬁ@iﬁ@%} ?s%r%%ﬁggeé't he
phenol i c promadr warmedsntpl anobemperakurer ofd abowdn&0Gs t e ibdsure

Shose, ° e S ELIGIRE: Cendbe 18, Sauibel| LOUO, pacts W an SRIEUGNES -
is derived me§ibEoniC | a8idonkayviingyr a38nAb e, AYSFAGE: MO Ul HHiahis
acid, or phenef 085001 XyitRsS hDRiLAGL. Oher afixthgee Wed C i¥ PAYWH GHMEWYUNdS
(sulfonic andcacrat;gr?)(yéigxfgledsgt a temperature of about 50°C at the
rate of about 2.45 kg (5.4 pounds) per hour for about 2.5 hours.
After carbonation, 102 additional parts of o0il are added
and the mixture is stripped of volatile materials at a
temperature of about 150-1 55°C at 7.3 kPa (55 mm.) pressure. The
residue is filtered and the filtrate is the desired oil
solution of the overbased calcium sulfonate having cal-
cium content of about 3.7% and a metal ratio of about
1.7,
Example.G-5 _
A mixture of 490 parts (by weight) of a mineral '/
oil, 110 parts of water, 61 parts of heptylphenol, 340
parts of barium mahogany “sulfonate, and 227 parts of
barium oxide is heated at 100°C for 0.5 hour and then to
150°C. Carbon dioxide is then bubbled into the mixture
until the mixture is substantially neutral. The mixture
is filtered and the filtrate found to have a sulfate ash
content of 25%.
Example G-6
A polyisobutene having a number average molecu-~
lar weight of 50,000 is mixed with 10% by weight of
phosphorus- pentasulfidé at 200°C for 6 hours. The



previously have been described above with respect to the preparation of the
al kali- netal salts (conponent (C)), and all of the acidic organic conpounds
descri bed above can be utilized in the preparation of the alkaline earth

nmetal salts useful as conponent (G by techniques known in the art. In
addition to the sulfonic acids, the sulfur acids include thiosulfonic,

sul \ipnic, sulfenic, partial ester sul furic, sulfurous and

t hi osul furic acids. -124- The pentavd;i g- phosphorus acids useful in
the preparation of conponent (G may be represented by the fornmula X4 [err]
wherein each of [err] and J[err] is hydrogen or a hydrocar- bon or

essentially hydteeaubQﬁ ara¢bdakcef eqab
25 carbon at ons gt gne of erlr] h& [Y;Erﬁ b?“tr%at&e&ctaﬁgo%ﬁosrteam

essentially hyd?Bca}68 9a9ﬁ°§P°Feﬁm ﬂﬁﬂﬂqﬁmﬁqtqﬁﬂﬂéaaﬁgm(NThgnacIqu
and each of a amdtbrmedﬁ)aeé lisTkWen icon¥elrteld® PR %s%tce%alhﬂ‘@ar wiing
hi ni ¢

phosphorus aci d an_or gano- hosph ph sphonlc or
acid, or a thi owgﬁél ogwﬂ)?eanggﬁf VP %@iﬂﬁ(@g‘h %Wﬁ)@ﬁm
o]f Mthe form uhpdfexifiewhandi nOR3 umoaephewl phienien thd( Ratbndting &he
al kyl group havy tQ,1 kb and R4 .i.s_hydrogen or a simlar
phenyl or alkylbﬂggﬁge ﬁ*x?ageé g? g&%ﬁﬁsﬁogpﬁRP&Q Ef%gg gre'often
preferred becauéB) of Newbraleand BaspceSa les: '
‘*\v/ In one embodiment, the o0ils of the invention
may contain at least one neutral or basic alkaline earth
metal salt of an alkylphenol sulfide. The oils may con-

tain from 0 to 2 or 3% of said phenol sul-
fides. ~ More often, the oil may contain from . 0.01
to 2% by weight of the basic salts of phenol sul-
fides. The term fbasic“ is used herein the same way in

which it was used in the definition of other components
above, - that is, it refers to salts having a metal ratio
of greater than 1. The neutral and basic sélts of
phenol sulfides are detergents and antioxidants in the
oil compositions and also generally will improve the
performance of the oils in Caterpillar testing.
et - The alkylphenols from which the sulfide salts
are prepared generally comprise phenols containing hydro-
- carbon substituents with at least 6 carbon atoms;
the substituents may contain up to 7000 aliphatic
carbon atoms. Also included are substantially hydrocar-
bon substituents, as defined hereinabove. The préferred
hydrocarbon substituents are derived from the polymeriza-
tion of olefins such as ethylene, propene, l-butene, iso-
butene, 1l-hexene, 1l-octene, 2-methyl-l-heptene, 2-bu-
tene, 2-pentene, 3-pentene and 4-octene. The hydrocar-
bon substituent may be introduced onto the phenol by
mixing the hydrocarbon and the phenol at a temperature
of ~ 50=-200°C in the presence of a suitable catalyst



Component (G may al so be prepared from phen- ols; that is, conpounds
gontaining a hydroxy group bound directly to an aromatic ring. The term

"phenol " as used -125- herein includes conmpounds havi ng nore than one
hydr oxy group bound to an aromatic ring, such as catechol, resor- cinol
and hydroqui none. It also includes al kyl phenols such as the ¢resols and
et hyl phenol s, and al kenyl phen- ol s. Preferred are phenols containiQg
at |least one alkyl substituent contaijng- 3-100 and especially
6- 50 carbon atons, such as heptyl phenol, octyl- phenol, dodecyl phenol ,

tetrapropene-al kyl ated phenol, octadecyl phenol and pol ybutenyl phenol s.
Phenol s cont aél?;bh' gl 05 Push D3emONer 3bKYbridest | berwn Bt Ay e Jisgthe but

t he nDnoaIkyIp eno are preferred becausg of th vallablllty and ease
of producti orfhle ’ds‘eus‘é’f'ult hg; el 158ndens§ "§F5&§Hﬁ§ be
above- descri bpgt PoRIGEE VBYh atnéeashlnyealtdw @lrd:de)s@esorkndmtcne the he
term "lower"_ denoting aldehydes and ketones. containing not nore than 7

carbon atons.@8F%uit- abl e al dehydes include formal dehyde, acetal dehyde, =
pro- pional dehyde, theThetytainehydikylphenodl csulfdidesds arsl bnnnatdshfug

Dar af or i serpaTad [ ays %ﬂﬁgb%@?i?ﬁ%%?&?‘ de3ic | dituisides, poly~
For mal dehyde suiEidESioranddebhde profucts obigdmesd &Wbt&ﬁxﬁﬁéﬂ#%ﬁn o
preferred. T'ﬁgqging%g@é%&f'gmo &?araﬁio%enqrc&qmec, SR B ichids-

nmol ecul ar wei e nu acidi.c groups (i.e., sulfonjc \J
acid or carbok?egrQUps?lgméﬂbﬁl EBlfﬁﬁkec@mG @ty Fake &f i Rhenrot o) .

included in tgs Tehe r&cPas cOhpblifdrcancBle ifroanti on alis@ Btde varied

over 1:1.5, or higher.: For example, phenol sulfides are
readily obtained by mixing, at a temperature above
60°C, one  mole of an alkylphenol and 0.5-1.5 moles of
sulfur dichloride. The teaction mixture is usually
maintained at about  100°C for : 2-5 hours, after
which time the resulting sulfide is dried and filtered.
When elemental sulfur is used, temperatures of '
200°C or higher are sometimes desirable. It is also
desirable that the drying operation be conducted under
nitrogen or a similar inert gas.

The basic salts of phenol sulfides are conven- </
iently prepared by reacting the phenol sulfide with a
metal base, typically in the presence of a promoter such
as those enumerated for the preparation of component
(G). Temperatures and reaction conditions are similar
for the preparation of the three basic products involved
in the 1lubricant of the present invention. Preferably,
the basic salt is treated with carbon dioxide after it
has. been formed. - :

It is often-prefeEEed to use, as an additiona.i
promoter, a carboxylic acid containing .1-100 car-
bon atoms or an alkali metal, alkaline earth metal, zinc
or lead . salt thereof. Especially preferred in this re-
gard are the lower alkyl monocarboxylic acids including



a w de range, and useful amounts in any particul ar | ubri - cating oi
conposition can be readily determ ned by one skilled in the art. Conponent

(G functions as an auxil- iary or supplenental detergent. The anount of
conponent (G contained in a lubricant of the invention may vary from
0%to 5% or nore. -126- The followi-ng exanples illustrate the

prepara- tion of neutral and basic alkaline earth netal salts useful .
conponent (G . Exanple G1 A mixture of <9@@=parts:of an oil solution of an
al kyl phenyl sulfonic acid (having a number average nol ecul ar wei ght of

450, 564 parts_mneral oil, 600 parts tqluene, 98.7 parts nagnesium oxide
and 120 parts FRFBIC| sagi@nn AFekiCaPEdA rdPSARIOMC AGidy QULYFEC 0ac B, 85

C?ford7 hour s ﬁéoﬁuf?&ﬁcOf aabaut afd> khéotlllﬁle(3 THe f‘an{o@ﬁ{ﬁ ¥ aféx?%gcm

i oxi de per- hour ion xture s itate

t hroughout t hé Ear?)%‘}n'é\t'i"%ﬁd #‘Ft F‘@&Plﬁ] Kat i on, @g]% %fé{ ’d?f‘ lent \pef e
is stripped eguiealénkPaof’fietal)base uhedr@mnﬁﬁadhdﬁmuuﬂbf'thfbééiﬁle
is an oil solu ééggr(34@6oil) of the desired overbased nagnesi um sul f onat e

havi-ag a met al o of about 3. Exanple G 2 A polyisobutenyl succinic
anhydride is prepared bynreantiajternativenamethod yEoxobprepsrythicon ngf an
average chlori nt f d p t g a
nunber averagemnﬁ%cu a%l%es%‘ﬁ? Qﬂg g;l kﬁ%&e&a‘& "isn%e\eélc}%rﬁgﬁ %@g‘g
- about [err] TootaanYxmi@hofs@ﬁerpaané othehi me§@dcu baseanhy@he deeagtkii dr000

pacts of tol Ueél?oﬁm?retbénadgédcéhﬁsarbut7‘ét6ap%rehi>er%ftu&ardfmaf’xié’£‘st
The mxture is heated BQC,erréferably : 150-200°C. It is frequent-
ly convenient to use as a solvent a compound which boils
in this range, preferably a mono-(lower alkyl) ether of
a polyethylene glycol such as diethylene glycol. 'The
methyl and ethyl ethers of diethylene glycol, which are
respectively sold under the trade names "Methyl Carbi-
tol" _and "Carbitol"™, are especially useful for this pur-
pose.

Suitable basic alkyl phenol sulfides are dis-
closed, for example, in U.S. Patents 3,372,116 and
3,410,798, which are hereby incorporated by reference.
W The following examples illustrate methods for
the preparation of these basic materials.
Example H-1
A phenol sulfide is prepared by reacting sulfur
dichloride with a polyisobutenyl phenol in which the
polyisobutenyl substituent has a number average molecu-
lar weight of about 330 in the presence of sodium ace-
‘tate (an acid acceptor used to avoid discoloration of
the product). A nmixture of 1755 parts of this phenol
sulfide, 500 parts of mineral oil, 335 parts of calcium
hydroxide and 407 parts of ‘methanol is heated to about
43-50°C and carbon dioxide is bubbled through the mix-
ture for about 7.5 hours. The mixture is then heated to



parts of water is added drop-w se over a period of one hour. The

m xture 1is then allowed to reflux at 1500C until all the bariumoxide is
reacted. Stripping and filtration containing the desired product. Exanple
G 3 A basic cal ciumsulfonate having a netal ratio of about 15 is prepared
by carbonation, in increnents, of a m xture of cal cium hydroxide, a neutral
sodi um -127- petroleum sulfonate, calcium chloride, nethanol and ags
al kyl phenol. Exanmple G4 A nixture of=-1328 parts of nineral oil, 4.8
parts of water, 0.74 parts of calciumchloride, 79 parts of linme, and 128
parts of nethyl alcohol is prepared, and warned to a tenperature of about
50C. To this #rkver eoffier gollatddeechabder part sadﬂiiaipmakyuahsnpartal o6bni c

acid having a_punber_aver | ec t X
mi xture then ?$ bl 3R \Mafiﬁ%?a?g‘ gJom 94] 661{ errper lJ?eméfbg out Ferr]
at the rate osohbbuOnZCOEthgn§554ﬁimﬂai91qmﬁanﬁnl $9% swbferz 5 hours.

After carbonation, 102 additi onal pa@Q%%glénﬁ_@re added and the mixture

is stripped of volatile materials at erat ure, of about errl at 7.3;;)
kPa (55 nm) pressure. T8he 60d2 dpants f (e epiyalenks}t ot at keFLapre-

desired oil sg%y&hgn Bstﬁgggggrb§mgﬁd¥ﬂc édwﬁyambgyn@g gal13apun1 .

content of 7% and a netal o?ﬁ“o .of ﬁ? ull. E{:< rrg#_ 2
m xture of 498ndariB (bhencPFRSLNGe 4 of nd FuLFYr ﬁlff::b% tegredafiry 61
parts -of heptyhehemolana40t@@aaptabyxﬁneyn mﬂhugangreLﬁddeﬁtat 8069382C,

parts of 1134 parts (22 equivalents) of sulfur dichloride. The
addition is made over a 4-hour period whereupon the
mixture is bubbled with nitrogen for 2 hours, heated to
150°C and‘filtered. To 861 parts (3 equivalents) of the
above product, 1068 parts of mineral oil, and 90 parts
of water, there are added at 70°C, 122 parts (3.3 equiva-
lents) of calcium hydroxide. The mixture is maintained
at 110°C for 2 hours, heated to 165°C and maintained at
.this temperature until it is dry. Thereupon, the mix-
ture is cooled to 25°C and 180 parts of methanol are
added. The mixture is heated to 50°C and 366 parts (9.9
equivalents) of calcium hydroxide and 50 parts (0.633

equivalent) of calcium acetate are added. The mixture ./

is agitated for 45 minutes and is then treated at 50-
70°C with carbon dioxide at a rate of 5.7 x 1072 - 1.4 x 107 'm> (2-5
cubic feet) per hour for 3 hours. The mixture is dried at 165°C and the
residue is filtered. The filtrate has a palcium content
of 8.8%, a neutralization number of 39 (basic) and a
metal ratio of 4.4. '
Examplé H=3

To 65880 parts (12 equivalents) of a polyisébu-
tene-substituted phenol (prepared'by‘mixing, at 54°C and
in the presence of boron trifluoride, equimolar amounts
‘of phenol and a polyisobutene having a number average

molecular weight of about 350) and 2186 parts of mineral

- e

o/



barium oxide is heated at [err] for 0.5 hour and then to [err]. Car bon
di oxide is then bubbled into the m xture until the mxture is substantially
neutral. The mxture is filtered and the filtrate found to have a sulfate
ash content of 25% Exanple G 6 A polyisobutene having a nunber average
nol ecu- | ar weight of 50,000 is mxed with 10% by wei ght of phosphorus
pentasul fide at 2000C for 6 hours. The -128- resulting product is
hydrol yzed by treatment with steamat [err] j ) produce an acidic
internedi ate. The acidic internediate is tHeN converted to a basic salt by
mxing with twice its volune of mneral oil, 2 noles of barium hydroxide

2"Fuid pr IISL&‘.’P;L%pﬁgﬁ?‘?a?9SnéaEEEPéviﬁt%-%ﬁﬁﬁ%%éﬁébﬁ4 Sfalifeey Btee
enbodi nent, thePRFFS oflgneapivadenss)mef sadkfym dichlaridendhemixtuoe
basic al kaline pgrtheatédl €8t 180°en ankdk vupbaed ﬁg&ﬁ Il loﬁ‘rrPi | fo 49
con- tain from to ., 2 or. 3% of said phenol “sul - fides.
More of ten, thép%¥¥5n3§5cgﬁtaFHuFVG%FntS) of @¢he above produgty LR0Ght
of the basic sapastef ePerminevhl bidgSand 1B0epadt® dFSiaterd s sk NgFei n
sbove. that is 200ed orat o PRoEA L L4 0RRS s (e Sndivalentay oF dala i
1.  The neutoxddeand bTbec miktarel pbenmaintlaindds ate IEBHIIQRtEo AT
o raant i hbiFe?) |nESPRES Lbo et BnR SRR Ul ol AIP'HE HO
the sul fide saland arhen cpeeltedgbaefarLy wberpupon 9260 @ax teomifilpup g o-
ol, 307 parts (10.95 equivalents) of calcium oxide, and
46.3 parts (0.78 equivalent) of acetic acid are added.
The mixture is then contacted with carbon dioxide at a
rate of 5.7 x 10'2m3 (2 cubic feet) per hour for 2.5 hours. The mix-
ture is dried at 190°C and the residue is filtered to
give the desired product.
Example H-4
A mixture of 485 parts (1 equivalent) of a poly-
isobutene-substituted phenol wherein the substituent has
a number average molecular weight of about 400, 32 parts
| (1 equivalent) of sulfur, 111 parts (3 equivalents) of
—/ calcium hydroxide, 16 parts (0.2 equivalent) of calcium
acetate, 485 parts of diethylene glycol monomethyl ether
and 414 parts of mineral oil is heated at 120-205°C
‘under . nitrogen. for 4 hours. Hydrogen sulfide evolution
begins as the temperature rises above 125°C. The mater-
ial is allowed to distil and hydrogen sulfide is absorb-
ed in a sodium hydroxide solution. Heating is discontin-
ued when no further hydrogen sulfide absorption is
. noted; the remaining volatile material is removed by
distillation at 95°c/1.3 kPa (10 m_rg) pressure. The distillation
residue is filtered. The product thus obtained is. a 60%
solution of the desired product in mineral oil.



carbon substituents wth at |east 6 carbon atons; the
substituents nmay contain up to 7000 aliphatic carbon atons. Al so
fncluded are substantially hydrocar- bon  substituents, as defined

her ei nabove. The preferred hydrocarbon substituents are derived fromthe
pol ynmeri za- tion of olefins such as ethyl ene, propene, 1-butene, iso- B
but ene, 1-hexene, 1l-octene, 2-nethyl-1-heptene, 2-bu- tene, 2-pentene, Q)
3-pentene and 4-octene. The hydrocar- banygbstituent may be introduced
onto the phenol by mxing the hydrocarbon and the phenol at a tenperature
of [err] in the presence of a suitable catalyst -129- such as

aIun1nun1tr|chtpr|g§1§§gig§g_gugfg@§4ke Z|nc chloride -or the Iike.
The substituent can e, lntro uce t he kyl ati on processes
known in the art. The @bPﬁ] o1l COMRRS é§£ Eh?rﬁ%ﬁﬁeQB invengéon

- ((jal kyl pgena)mcmnmayl f consaidi S(lII)]f Iocbf ,orlogdcyre %d]lffmisscho@@fl;%ﬁiﬁ@rcom-
products obt tiqn of, the a eno th sul fur
nDnochIorldea‘bggf'f"g%(n ﬁﬁ%gﬁi 88 ot MREYARG, € HT%F%B!are¥EF?Beof
t he phenol tqpre&eureuland canpdoxddaam debp!ntzes of ﬂhé)fhﬁﬁudaﬁlﬂg ettt
hi gher. 1€ If| S t i ne XL ng,
at a terrperature abo 5 ltﬂ?ﬁgone ol eq'gf %ﬁ#@ﬂ*ﬁ%ﬁ?ﬁ %@ingr%l es’
of sulfur dichlorid®s0l f&Re reac¥oby weighte of thessulfunbzed adbed at
about [err] «={iws. = £ f.t t o
sulfide is dried_and f??%g?ngOBQulaag?engﬁﬂga 'ﬁ# fé?%ﬁ%?%% n%era?ures/
of [err] orlﬁﬁikﬁr%?é %Bﬂet?ﬁesvéééppﬁblQrgﬁPHQSaﬂ%ﬁ?§k§§$zﬂﬂnﬁl¢éﬁnghe
drying oper atoef hies congeCt e E0dGr NTheO@defAnsA nidyHefadyedlighigeic,

arylaliphatic or alicyclic olefinic hydrocarbon con-
taining from. - 3 to 30 carbon atoms.

The olefinic hydrocarbons'contain at least one
olefinic double bond, which is defined as a non-aromatic
double bond; that is, one connecting two .aliphatic car-
bon atoms. 1In its broadest sense, the olefinic hydrocar-
bon may be defined by the formula

R7R8C=CRIR10

wherein each of R7, R8, R9 and RI0 is hydrogen -/
or a hydrocarbon (especially alkyl or alkenyl) radical.

Any two of R7, R8, RY9, RI0 may also together
form an alkylene or substituted alkylene group; i.e.,

the olefinic compound may be alicyclic.

Monoolefinic and diolefinic compounds, particu-
larly the former, are preferred, and especially terminal
monoolefinic hydrocarbons; that is, those compounds in
which R9 and R10 are hydrogen and R7 and R8 are
alkyl (that is, the olefin is aliphatic). Olefinic com-
pounds having 3-20 Zarbon atoms are particularly
desirable.



The basic salts of phenol sulfides are conven- iently prepared by reacting

the phenol sulfide wth a netal base, typically in the presence of a
pronot er such as those enunerated for the preparation of conponent (G.
Tenperatures and reaction conditions are simlar for the preparation of
the three basic products involved in the lubricant of the present

I nvention. Preferably, the basic salt is treated with carbon di oxide after,

it hﬁs been fornmed. It is often preferred_i§4use, as an additiona

promoter, a carboxylic acid containing 1- 100 car.-. bon atons or an

al kali metal, alkaline earth netal, zinc or |lead salt thereof. Especially

preferred in this re- gacbpyredds | p¥ebusbky! aﬁa%ﬁé?exakhgzéei YSimers
i ncl udi ng -13Q; formc acid, cetic aci ropLonic aclid, butyric

| d ,
aci d, isobutyri&9 a&i&FLaNRES s hAN kﬁ%xtqﬁﬁsaﬁhgﬁ? §raggcAsRerdadly prer

used is generalflecred olefirni¥?- Gompoundsl endf pehesaucsnpeihdsl, FBbBuUtRase

used for formation of ih Jﬁgﬁc:salt. In an altfrnfti e .negEod for
preparation of $fesé s;aacl Qutene . arg Panthohial ¥e§8§éﬂa thuPeSAuSe
ouskwy with swff uthednd dveilateibity band. théhparebctulapnlghhigl shafulre
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this range, preferably Fheonsulfiveizinkyl jeagént ohay belyEonyesample,
gl ycol such et hylen l%60! -halh | g@n I A
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pose. sulfur or sulfur dioxide, or the like. Sulfur-hydrogen
sulfide mixtures are often preferred and are frequently
referred to hereinafter; however, it will be understood
that other sulfurization agents may, when appropriate,
be substituted therefor. _ '
- The amounts of sulfuf‘and hydrogen sulfide per
mole of olefinic compound are, respectively, usually

0.3-3.0 gram=—-atoms -and 0.1-1.5 moles. The

preferred ranges are 0.5-2.0 gram-atoms and
0.5-1.25 moles respectively, and the most desirable
ranges are 1.2-1.8 gram-atoms and 0.4-0.8

o/ © . mole respectively.

' The temperature range in which the sulfuriza-
tion reaction is carried out is generally 50-
350°C. The preferred range is 100-200°C, with

125-180°C being especially suitable. The reaction
is often preferably conducted under superatmospheric
pressure; this may be and usually is autogenous pressure
(i.e.; the pressure which naturally develops during the
course of the reaction) but may also be externally
applied pressure. The exgst pressure developed during
‘the reaction is dependent upon such factors as the
design and operation of the system, the reaction tempera-
ture and the vapof pressure of the reactants and pro-
ducts and it may vary during the course of the reaction.



Suitable basic alkyl phenol sulfides are dis- closed, for exanple, in
U S Patents 3,372,116 and 3,410,798, which are hereby incorporated by
reference. The follow ng exanples illustrate nethods for the preparation of
these basic materials. Exanple H1 A phenol sulfide is prepared by reacting
sul fur dichloride with a polyi sobutenyl phenol in which the polyi sobutenyl
substituent has a nunber average nol ecu- |ar weight of about 330 in the,
presence of sodium ace- tate (an acid acQegg-or used to avoid discoloration
of the product). A mxture of 1755 parts of this phenol sulfide, 500
parts of mineral oil, 335 parts of cal cium hydroxi de and 407 parts of

met hanol is heated to. dieoutig] efirdequentiy badvimtagsous budbirecotpovagé t he

ot volati | o RAEBELals) BRMER HE A GAO SIS By one Pl 0°
‘a I619(131/(; so:E)tg;i otiobn omhxt‘u‘hn&?zsol t!l!hm matter inls. Wdzecacmﬂﬁd #aSQ?/O or

B;I ene- subs?ﬂ’gflg‘gglﬁhe %lQ: prep?tar e(f(%&l%g%a/ns;i@q{‘%%g%ﬁ 'ééﬁé)é??ﬁly .
presence of natsogeori basesd tinsdusting AmmoNich ANG RAMiRES aphody | @FEen

h dd 3 d
The addl 11 on. SisPiahthel; C1S4me adit Sﬁ?lﬁﬁﬁﬂﬁ}fﬁ%%ﬁﬁ?ﬁ?ﬂ s

bubbl ed with nitroegeR 0ér-22%ur°§ theywalight [Qf (fhe RiQ eoMPoyRdgs1
parts (3 equi val ephs) efaskehe oFOh PrEFE nrédJGéimmﬁi& axid namenel catal-and

of "eal oi um hyBESKi éQereTﬁé%ma@%dq?eoiss[e”iﬁ FEE L& %ot oTef ! Y8 prel! O
ferred, and - 0.001-0.1 mole is especlally de51r-
able. _ - -

Following the.'preparation of the sulfurized

- mixture, it is preferred to remove substantially all low
boiling materials, typically by venting the reaction
vessel . or by distillation at . atmospheric pressure,

. vacuum :distillation or stripping, or passage of an inert
gas. such as nitrogen through the mixture at a suitable
temperature and pressure.: '

A_'further optional step in the preparation of
component (I) is the treatment of the sulfurized pro- _
duct, obtained as described hereinabove, to reduce ac- U/
tive sulfur.  An illustrative method is treatment with
an alkali metal sulfide. Other optional treatments may
‘be employed to remove insoluble by-products and improve
such qualities as the odor, color and staining character- .
istics of the sulfurized compositions.

U.S. Patent 4,119,549 is incorporated by refer-
ence herein for its disclosure of suitable sulfurized
olefins useful in -the 1lubricating oils of the present
invention. Several specific sulfurized compositions are
described in the working efhmples thereof. The follow-
ing examples illustrate the preparation of two such com-
positions. :



at 1100C for 2 hours, heated to [err] and maintained at .this tenperature
until. it is dry. Thereupon, the mx- ture is cooled to 250C and 180 parts
of net hanol are added. The m xture is heated to [err] and 366 parts (9.9
equi val ents) of cal ci um hydroxi de and 50 parts (0.633 equival ent) of
calcium acetate are added. The m xture is agitated for 45 mnutes and is
then treated at 50- 70C with carbon dioxiﬁgsat arate of 5.7 x [err] 1.4 X
[er?T’(Z-S cubic feet) per hour for 3 hou The m xture is dried at 165 C
and the residue is filtered. The filtrate has a cal ciumcontent of 8.8%
a neutralization nunber of 39 (baS|c)E Q% demglgl ratio of 4.4. Exanple H3
To 5880 parts (12 equivalents) ofa Ebbu- f'ene- substit ut ed phenol
(‘prepar ed by n1X|ng, atSpdfur aﬁ629n PBW&S:pﬂéséhu@1@$)bmﬁmﬂhﬁt?&du#¢dm
equi nol ar a he a yi n .
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of sulfur dichorégpatdae thbuéﬁ I%haeat:s(mo be%]ola%éol%ﬁ 2%

ni trogen. To 3449 parts (5. 25 equival ents) he above

of mneral oi¥® Eh% aebr9999§1ea Rt Ehe EH@F@uﬁréeﬁﬁiéﬁﬁﬁ [Pk tez sy
pafts (5.25 eqingal enéSre8ét62), Cevarastdag to EB%utmGXU:WrQ arfd dBoXimg hed
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acid are added. The-m xture |s hen co tact g wi_th arbon q ﬁe at_a rate
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of 5.7 x 10 2 %2 ERBIESFebP) © & LRAGEOFor 1005 LRAGEDT 1e using

steam in the external jacket, to a temperature of about
171°C over about 1.5 ‘hours. A maximum pressure of 720
psig 1is reached at about 138°C during this heat-up.
Prior to reaching the peak reaction temperature, the
pressure starts to decrease and contihues to decrease
steadily as the gaseous reactants are consumed. After
about 4.75 hours at about 171°C, the unreacted hydrogen
- sulfide and isobutene are vented to a recovery system.
After the pressure in the reactor has decreased to atmos-
pheric, the sulfurized product is recovered as a liquid.

arts

W _ _ Example I-2

Following substantially the procedure of Exam-
ple 1I-1, 773 parts of diisobutene are reacted with 428.6
parts of sulfur and 143.6 parts of hydrogen sulfide in
the presence of 2.6 parts of n-butylamine, under autogen-
ous pressure at a temperature of about 150-155°C. Vola-
tile materials are removed and the sulfurized product is
recovered as a liquid.

Sulfur-containing - compositions characterized by
the presence of at least one cycloaliphatic group with
at least two nuclear carbon”atoms of one cycloaliphatic
group or two nuclear carbon atoms of different cycloali- -
phatic groups joined together through a divalent sulfur



ture is dried at [err] and the residue is filtered to give the desired
product. Exanple H4 A m xture of 485 parts (1 equivalent) of a poly-

i sobut ene-substituted phenol wherein the substituent has a nunber average
nol ecul ar wei ght of about 400, 32 parts (1 equivalent) of sulfur, 111.-parts
(3 equival ents) of cal cium hydroxide, 16 parts (0.2 equival ent) of cal cium
acetate, 485 parts of diethylene glycol nononethyl ether and 414 parts of
mneral oil is heated at [err] under niLijggen for 4 hours. Hydrogen

sul fide evolution begins as the tenperature rises above [err]. The mater-
ial is allowed to distil and hydrogen sulfide is absorb- ed in a sodium

hydr oxi de sol giinRageBeiliddtate dse£alt iA- cuﬁaﬁon/eﬁa Re)f @ht I&ae hydraeet-
sul fide absorpti:on Ii not ed; the, renmainin material .is renpved by

distillation 09 ool kSORERSHE}ORS o "OehQ. Brapent, LBVERSLoBs| qTbese
filtered. The tphedlft sl ebhsHUARE 4% 6e§t&%b§@| 1L T e gf(arﬁme Ct?% red

d
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alicyclic ol ePERi c PRPRaKed RY Eﬁﬁﬁt%ﬁgnFﬂﬁgﬂgo h'at 1SaF6 one
carbon atons. plder adduct at a temperature within the range of from
110°C to just below the decompos1tron temperature
of the adduct. The molar ratio of sulfur to adduct is
generally' from 0.5:1 to 10:1. The Diels-
Alder adducts are prepared by known techniques by react-
ing a conjugated diene with an ethylenrcally or acetyl-
enrcally unsaturated compound (dlenophrle) Examples of
conjugated drenes include 1soprene, methylisoprene,
chloroprene, and 'l,3-butadlene. Examples of suitable
ethylenically unsaturated compounds include elkyl acryl-
ates such as butyl acrylate and butyl methacrylate. In
view of the extensive discussion in the prior art of the 1
preparation of various sulfurized Diels-Alder adducts,
it is believed unnecessary to lengthen this application
by incorporating any further discussion of the prepara-
tion of such sulfurized products. The following exam-
ples illustrate the preparation of two such composi-
tions. ' ' |
Example I-3
(a) A mixture 'comprising 400 grams of toluene
and 66.7 grams of aluminum chlorlde is charged to a two-
liter flask fitted with a stlrrer, nitrogen inlet tube,
and a solid carbon dioxide—cooled reflux condenser. A
~second mixture c°mprising 640 grams (5 moles) of butyl-

P



The ol efinic hydrocarbons contain at |east one ol efinic double bond, which
is defined as a non-aromatic double bond; that is, one connecting two
al i'phatic car- bon atons. In its broadest sense, the ol efinic hydrocar- bon
may be defined by the fornula [err] wherein each of [err] and [err] is
hydrogen or a hydrocarbon (especially al kyl or al kenyl) radical. Any t wo

of . [err] my also together form.an al kyl ene or substituted al kyl ene
group; i.e., the olefinic compound may be g*%gyclic. Monool ef i ni ¢ and
di ol efinic conpounds, particu- larly the fo r, are preferred, and

especially term nal nonool efinic hydrocarbons; that is, those conmpounds in

which [err] and ] e r n ] d rejal (thatnhis,
the olefin is alal[c%rlfé.l‘ﬁtg. J}gje?él}‘r_ldlq'cs’ic%T"[i&'iéoun S %g%/l!ﬁénné‘ ;.,é dee%{ég {':hé
carbon atons ar &1€drx i @luxty s als 0.25-hawe-pex bpd | while Bapntaisingnd

their diners, t@h@r%édr%ﬁﬁé{@g{ﬁhﬁﬂ%ﬁéxfé&{@é éheyposgece ehreeeastey,
corrpoundadas

pre- ferred olefinic . t hese co unds, isobyt-_epe d
di i sobut ene ar e 33& Gramsar(3s Hi@alem) £h e+ FES raé‘%ﬁ‘?l gﬁi gﬁ?yséﬂﬁ'
the\particul arl yyhiglers'd f2U75-4ui @i peé fidod onpDbé thaiwt adv Lig cehe btempepar-ed
hal'l de such as SAMRUr Gk ikl o nand € SERFDRS Y Heats; of Cegférh'
hydrogen sul fi dalan¢odlifng. or <PHé urrehorick, masstie bléen @ithunitydgegen
B e L S R
may, when approfdit®re, separatory . funnel and washed with a solution of
' 150 grams of concentrated hydrochloric "acid in 1100
grams of water. Thereafter, the product is subjected to
two additional water washings using 1000 ml of water for
each wash. The washed reaction product is subsequently
distilled to remove unreacted_putylacrYlate and toluene.
The residue of this first distillation step is subjected
to further distillation at .a pressure of 9-10 millimet-
ers of mercury whereﬁpon 785 grams of the desired adduct
are collected over the temperature of 105-115°C.
. (b) The above-ptepared adduct of butadiene-but-
_ ylacrylate (4550 grams, 25 moles) and 1600 grams (50
~ moles) of sulfur flowers are charged to a 12 liter
flask, fitted with stirrer, reflux condenser, and nitro-
gen inlet tube. The reaction mixture is heated at a tem-
perature within the range of 150-155°C for 7 hours while

. -2 3
passing nitrogen therethrough at a rate of about 1.4 x 10 "m (G.s

cubic feet) per hour. After heating, the mass is permit-
ted to cool to room temperature and filtered, the sul-
fur-containing product'being the filtrate.

- - _ Example I-4 _

(a) An adduct of jsoprene and acrylonitrile is
prepared by mixing 136 grams of isoprene, 172 grams of
methylacrylate, and 0.9 gram of hydroquinone (poly-
merization inhibitor) in a rocking autoclave and there-



be substituted therefor. The anmounts of sulfur and hydrogen sul fide per .
nol e of ol efinic conpound are, respectively, usually 0.3-3.0 gramatons

and 0.1-1.5 noles. The preferred ranges are 0.5-2.0
gramatons and 0.5-1.25 noles respectively, and the nost desirabl e ranges
are 1.2-1.8 gramatons and . 0.4-0.8 nol e respectively. The
tenperature range in which the sulfuriza- tion reaction is carried QU
is generally 50- 350C. The eferred range is

[err], with [err] being especially suitabl"e. The reaction is often
preferably conducted under superatnospheric pressure; this may be and

usual ly I's aygogen aﬁiﬁﬁSUESr(i}%-hth% E&f%?%?%ﬁ@?éﬁh t*&@%l%.@gée'OPS
during the course of the reaction) but may also _be externally_ applie
pressure. rangeexeft pBBsidPECdevel Tped Autiosd ave issmanterdandebbadent
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tenpera- ture _and the vapor _pressure of the’reactants and pro- ducts
and it may ¥8ldeMrikiQuid.cobhis dAqudd dsastirdpped at 3 -temperature -~
LLEQISE: Y, R pbeseotendl wncpeatsate o 10 miistisiess spuiEbdsy 07
basic” o nediereby porielding, bher G854 ot dd Ghith mradi e AR S SRR T ogen
bases indluﬁmg.annnnia and aninesi no;;.?fteg alryI?ninefhe Dllpfnignount -
compound I n"the casalBl tHE pRaPeRrER sttt Pk e Te IR A20BEFRE- U
0. 0005-0.5 nmilkaeeylabée addotefi ofi s (a)e- hieatedd to ancdtemperaturéd. 601-0. 1
mole i's espeCj@l) Yo éleSi 'ehere are added 53 grams (1.65 moles) of sul- |
fur flowers over a 45-minute period. The heating is
continued for 4.5 hours at a temperature in the range of
130-160°C. After cooling to room temperature, the reac-
tion mixture is filtered through a medium sintered glass
funnel. The filtrate consists of 301 grams of the desir-
‘ed sulfur-containing products. ' '
' (c) In part (b) the ratio of sulfur to adduct
is 1:l. In this example, the ratio is 5:1. Thus, 640
gtams (20 moles) of sulfur flowers are heated in a
three-liter flask at 170°C for about 0.3 hour. There-
after, 600 grams (4 moles) of the isoprene-methacrylate
adduct of (a) are added dropwise to the molten sulfur
while maintaining the temperature at 174-198°C. Upon
cooling to room temperature, the ‘reaction mass is
filtered as above, the filtrate being the desired pro-
duct. ) o
Other extreme pressure agents and corrosion-
.and oxidation-inhibiting agents also may be included and
are exemplified by chlorinated aliphatic hydrocarbons
such as chlorinated wax; oiganic:sulfides and polysul-
fides such as benzyl disulfide, bis(chlorobenzyl)disul-
fide, dibutyl tetrasulfide, sulfurized methyl ester of
oleic acid, sulfurized alkylphendl, sulfurized dipen-



able. Followng the preparation of the -sulfurized mxture, it is
preferred to renove substantially all | ow boiling materials, typically. by
venting the reaction vessel or by distillation at atnospheric
pressure, vacuum distillation or stripping, or passage of an inert gas
such as nitrogen-through the mxture at a suitable tenperature and _
pregsure. A further optional step in the_&r saration of conponent (1) is
the treatnment of the sulfurized pro- duct,” obtai ned as descri bed _

her ei nabove, to reduce ac- tive sulfur. An illustrative nmethod is

erpoyed 10 1emh |l ubf st hyaelyy seTrefle R MMoR  FALITRG (R g

enpl oyed to renpve insoluble by-products™an .
the odor, col FFRERRNSt SWERy BBar &beer reastiion oprodmatuldfira gevosphorus

ForPTL o ST et ichiRusng (68 DR DI, ARGASER
| ubricating oi$SF®HS t MG eding PriBRiPaAly ddbydracagben fand dut ¥hyd verd
conposi ions AarbiRsCIpiesphitbbe BaEki NdsCxaTBUEY1 potinitlle ddgi | O
exahpl es illustrate the preparation of two such cdm “positions. -136-
Exanmple |-1 &BWQﬁéﬁ¥ﬁ§¥Fn§f§¥c 9hgxid| eBNOPPhikgrgepentyd jRhsAslePhos-
hi gh- pressur e pieiamg or dipedtys fphlég?l\é\ﬂ' bh_orégﬂiﬁbf}:i Ogr&g@idlyslt %H%Opolfﬂ%&h,leng
o o oA A RSB, et R o pk G, Fhosbi ke AT ng
t hereact or, draamtilphenybboutpbosphitapd cpollypgopylede par(moldcilar
moles) of I SRAYMB00)3HUEL i uta®phenyl phosphite, diisobutyl-sub-
' stituted phenyl phosphite; metal thiocarbamates, such as
- zinc dioctyldithiocarbamate, and barium heptylphenyl
dithiocarbamate. ' | | |
Pour point depressants are a particularly use-
ful type of additive often inc¢luded in the lubricating
oils described herein. The use of such pour point
depressants in oil-based compositions to improve low
temperature properties of oil-based compositions is well
known in the art. See, for example, page 8 of "Lubric-
ant Additives" by C.V. Smalheer and R. Kennedy Smith
w ' Lezius-Hiles Co. publishers, Cleveland, Ohio, 1967.
Examples of useful pour point depressants are
polymethacrylates; -polyacrylates; polyacrylamides; con-
densation products of haloparaffin ‘waxes and aromatic
compounds; vinyl carboxylate polymers; and terpolymers
of dialkylfumarates, vinyl esters of fatty acids and
alkyl wvinyl ethers. Pour point depressants useful for
the purposes of this  invention, techniques for their .
preparation and their uses are described in U.S. Patents
2,387,501; 2,015,748; 2,655,479; 1,815,022; 2,191,498;
2,666;746} 2,721,877; 2,721,878; and 3,250,715 which are
hereby incorporated by' reference for' their relevant
disclosures.



noles) of hydrogen sulfide and 7 parts of n-butylam ne are charged.to

the reactor. The reactor is heated, using steamin the external jacket, to

‘a tenperature of about 1710C over about 1.5 hours. A maxinum pressure

of 720 psig is reached at about [err] during this heat-up. Prior to

reaching the peak reaction tenperature, the pressure starts to decrease and
continues to decrease steadily as the gaseous.reactants are consuned.,y -
After about 4.75 hours at about [err], Laqlunreacted hydr ogen sulfide.anE’

| sobutene are vented to a recovery system After the pressure in the

reactor has decreased to atnos- pheric, the sulfurized product is recovered

as a liquid. Exanple | ageFOFORH Ndg8HRs! Aaliedliskd! D RERAGE Yrdvetle Pl e

-1, 773 parts of dii utene are eacte 428.6 parts of sdlfur and
143. 6 parts cfheyydkeemationsi € skabhe 5Pé@enc3Y@ﬂ°216aﬂ&Mﬂ¥Q§m agents

n- butylan1ne,zn&mwaeauépyfeoneySoares ahscaPoayhe&mﬁramueaaﬁbﬁaynan&fﬂr]

" Vol a- tile erials are r he s urlzgd produ is recovered as

a liquid. Sul Qﬂmcxﬁﬂ%PﬂﬁhﬁleﬂﬁpGEFtFﬁﬁgr& 8ladRer FAAR SPNETOL AgetE of -

at | east one byclRentphpliKegherp (NoyesaDaltaatorporationgarn 97#&)hopatfers
one cycloallggfg iﬁ%roup or two nuclear carbon atons of different cycloall-_'

phatic grou td together through a divalent sulfur =~ -137- linkage
al so are useful in corfﬂmenlubric“abingeoﬁ.dbcbmpbsiitli@nsi lo fc duheo pirteis@rst of
the present i T, e > d [i :
for exanple, U ééﬁgsugfgga#xgtéﬁﬁggsﬂ §5rﬁggﬁglsc o?@%@ %EﬁmﬁguherebyJ

|ncorporatedcﬁﬁﬂngwﬁQ#bnc@ompﬁaétsgnﬁuarﬁlﬁh§g§1@6ﬁﬂaﬂn§0aMWL&%ﬂgnada
- sul fur atonms, oy, Slﬁﬁé'réieﬂo&eéémﬁé%ially available viscosity modi-

fiers. V1sc051ty modlfzers generally are polymerlc mat-
erials characterized as being hydrocarbon-based polymers
generally having number average molecular weights bet-
ween 25,000 and 500,000 more often between
50,000 and 200,000. |

Polyisobutylene has been used as a v1sc051ty
modifier in lubricating oils. Polymethacrylates (PMA)
are prepared from mixtures of methacrylate monomers
having differént aikyl groups. Most PMA's are viscos-
ity-modifiers as well as pour point depressants. The
alkyl groups: may be either straight chain or branched /
chain groups containing from 1 to 18 carbon atoms.

When a small amount of a nitrogen—cohtaining
monomer is copolymerized with alkyl methacrylates,
dispersancy properties also are incorporatéd into the
product.  Thus, such a product has the multiple function
of viscosity modification, pour point'depressants and
dispersancy. Such products have been referred to in the
art as dispersant-type viscosity modifiers or simply
dispersant-viscosity modifiérs. Vinyl pyridine, N-vinyl
pyrrolidone and N,N'-dimethylaminocethyl methacrylate are
examples of nitrogen-containing monomers. Polyacrylates
obtained from the polymerization or copolymériiation of



adducts are illustrative of such conpositions. In general, the sulfurized
Di.el s- Al der adducts are prepared by reacting sulfur with at |east one
Di‘el s- Alder adduct at .a tenperature within the range of fromJ[err] to

just bel ow the deconposition tenperature of "the adduct. The nolar ratio
of sulfur to adduct is generally from 0.5:1 to 10:1. The
Di el s- Al der adducts are prepared by known technlques by react- ing a
con}ﬁgated diene with an ethylenically or 3 - enically unsaturated
conpound (di enophile). Exanples of conjugate dienes i ncl ude isoprene,
met hyl i soprene, chloroprene, and 1, 3-butadiene. Exanpl es of suitable
ethylenically. Uﬂéat orat ﬁdréoamaymdaclzmh&@% Allsy aae Wsefdfleas SHEtosiS-
butyl acrylate and | nethacrylate. 1In view of the extensive discussion
in the prior ar Yo?°aﬁ€1$F§parat|on of various sulfurized Diels-Al der

adducts, it is belleved Eﬁnyméﬁaapyopylbﬁagthepoubm%r&pp@eﬁﬁnamlyntefer-

i ncorporating an rth ussion_of th pperara tian

sul furized prodt® s °Th@sf obﬁgwl ﬁﬁee?éﬁpaﬁﬁgs Vpﬁ??[orlgf“grtlﬁé'n& @ﬁ}ya@ﬁ'}?n

of two such conandi -ptoppiené&xainl a hydroeprbom solventomsing g A& leens
of toluene and % Zagrfﬂ§5?£t§LU"1n¥ CQ%%rld gegt%ﬁgggngaa cafLifH

flask fitted w Stirr frog Sol®
di oxi de- cool ed th?luﬁolﬁndens&nfluﬁngegoﬁbenp%ﬂuﬁolébﬁéﬂmyhnQl@ﬁthﬁQﬂﬁni5

-moles) of bulyling ad3Piegervighe SaHpRiRel ) VIBchisitd,Vpthd potkietdo

tMyNCK;yuwycwa hour peri l'e mai ntai ningthe tenperature
within the . rangBr%?STEFr]caPﬂéié&FiYer and13epgine psrdommaace @f hhadwr

are added to th@uétlr- The common range of ethylene content is 45-60% by
weight and typically is from 50% to - 55% by weight.
Some commercial OCP's are tgrpolymers of ethylene, prop-
ylene and a small amount of non-conjugated diene such as
1,4-hexadiene. In the rubber industry, such terpolymers
are referred to as EPDM (ethylene propylene diene mono-
mer). . The use of OCP's as viscosity-modifiers in lubri-
'cating oils has increased rapidly since about 1970, and
the OCP's are currently ‘one of the most widely used
viscosity modifiers for motor oils.
Esters obtained by copolymerizing styrene and
o/ maleic anhydride in the presence of a free radical
initiator and thereafter esterifying the copolymer with
a mixture of C4-18 alcohols also are useful as viscos-
ity-modifying additives in motor oils. The styrene
esters generally are considered to be multi-functional
premium viscosity-modifiers. The styrene esters in addi-
tion to their viscosity-modifying properties also are
pour point depressants and exhibit dispersancy proper-
- ties when the esterification is terminated before its
completion leaving some unreacted anhydride or carbox-
ylic acid groups. These acid groups can then be convert-
ed to imides by reaction with a primary amine.



ry over a 2.75-hour period while maintaining the tenpera- ture of the

reaction nmass at 60-610C by neans of extern- al cooling. The reaction
mass is blown with nitrogen for about 0.33-hour and then transferred to a
four- liter separatory funnel and washed with a solution of 150 grans of

concentrated hydrochloric acid in 1100 grans of water. Thereafter, .the __
product is subjected to two additional water washings using 1000 m of W
wat er for each wash. The washed reacty product. i s subsequently
distilled to renbve unreacted butyl acrylatie and tol uene. The residue of
this first distillation step is subjected to further distillation at .a

pressure of 9-10 m || MeiGr Rfehatied™® Ly deEEE S PRTat of -
desired adduct are coIIecte over théﬁﬁénperaturgﬁgf err B ?hgsly

above- pr epar eBeZ8duL SoPNAThed Slass of Gompergialin gleh%e vésgeses)
and 1600 gr ang tyShodilfaeksof o f WotldOWesELSY € cfwa@ﬁlég aoé2s{:¥£€ﬁes

flask, fitted, mn#h stirrer, reflux_.condens nitro- gen in| t ube.
The reaction HPSLHAE | SLYEENEy EQQ?HﬁrhéieﬁQXEPWﬁtkﬁ¥F pzmebhyd FYre\!%
f2 (r)nra Zohgur stehe.puesanmetmo;ﬁyﬁéﬁ.etéHm@ﬁemyn sajﬁe@é, apara-tef-X

cubi er atin e, ernm :
cool to room éL?g Pﬁ?&l %tfyl L&§*%ed %{% sgl 1; e%%?\’( ?lgc‘bﬂ)%ig ‘%el ng
the filtrate. dEgagplgontazoa) ﬁhamﬂﬁnur(ﬁo|s;xnaambanmhtnmglonExampbess
prepared by mhy '”Goﬁﬁﬁﬁ%?ﬁs afléﬁ@f%%lﬂémgénémf{ 3281 Mo Bh1-2nT

0.9 gram of h roquil - merization 1n
aut ocl ave and r éPBta iene3o.- QH¥Q§°PQR§ﬁnru}SQRﬁGRQIFnﬁn#s3zbut@ iene,

Eﬁrmerature wyibhn iBeptenge apd [bRtddiene H&n@tﬁ@@é?&@mﬂyeﬂ@ée?ﬂd
€ red. Mixtures of such conjugated dienes are useful.
The styrene. content of these copolymers is in

(__ .

the range of .. 20% to : 70% by weight, prefer-

ably - - 40% to 60% by weight. The aliphatic

conjugated - diene content of these copolymers is in the

range of 30% to - 80% by weight, preferably
40% to - .. 60% by weight.

These copolymers <c¢an be prepared by methods

well Kknown in the 'a:t.:- Such copolymers usually are

prepared by anionic polymerization using, for example,
an alkali metal hydrocarbon (e.g., gec-butyllithium) as
a polymerization catalyst. Other polYmerization tech-
niques such as emulsion'polymérization can be used.

These copolymers are hydrogenated in solution
S0 as to remove a substantial portion of their olefinic
double bonds. Techniques for accomplishing this hydro-
genation are well known to those of skill in the art and
need not be described in detail at this point. Briefly,
hydrogenation is accomplished by contacting the copoly-.
‘mers with hydrogen at super:atmospheric pressures in the
presence of a  metal catalyst'such as colloidal nickel,
palladium'supported on charcoal, etc.



contents decanted thereby producing 240 grans of a light yellow |iquid.
This liquid is stripped at a tenperature of 900C and a pressure of 10
mllinmeters of nercury thereby yielding the desired |iquid product as the
resi- due. (b) To 255 grans (1.65 noles) of the isoprene- nethacryl ate
adduct of (a) heated to a tenperature of 110-1200C, there are added 53
grags,(1.65 noles) of sul- fur flowers over a 45-m nute period. The heating
is continued for 4.5 hours at a tenperatu~ggga the range of [err]. After
cooling to roomtenperature, the reac- tion mxture is filtered through a
medi um sintered glass funnel. The filtrate consists of 301 granms of the
defir- ed sggfur-containlng genéuans ﬁt)if'@reﬁaﬁked(hhakhQﬂﬁﬁé(ﬁgﬁoly-
sul fur to addu 1 xanpl, t.he rati :1.  Thus, 640
grans (20 nnf%%k ’ f&r Ife%gohp Es ggﬁgatﬁggte&tPﬁ1&1FHFe€qqqﬁinfq%wk
at [err] for abboreoQ. thnur Ther e5%af and, p@efiergbdys np4 moricetharf t he

| sopr ene- net hac te of se tqQ,the malte | fur
whi | e nalntalnlgésﬁ eré%ﬂ%g%é u?ééggﬁ g ﬁﬁgggug %Bgélgn %he §as %s¥ﬁ
tenmpefature, tHeta}eRumbear @rﬁsgarbgnf-tpt—eagl;ioas calmlcptt Iienklalgletsalvaﬁie-t ng
the desired progndughe Qhvéfa GXEBEHEuIErGSFHS uREsRhEac30q Cokr A% g{é%a“d

oxi dati on-inhibitin ents so may be inc are exenp
chlorinated al¥ yd?o%%?%%ﬁs°§u@ﬁaa§ Hﬁﬂérkﬁaﬂédtﬂa%ho§ﬁg@ﬁ“§k111

-sul fi des and FKdﬂSL&hefldﬁs,SuﬁﬁcBS b@niﬁfrﬂté8|fNﬂﬁy etc. Most prefer-
bi\s{chl or obenzy | sul-, fide, dlbtﬁ% tetrasulfide ul furized nmethyl ester
of ol eic acid, ¥1N|5Qﬁ§%lk@?5ﬂ frssGPR F}Qeaodﬂggﬁernlblg4gnsatura—

tion, as determined by the afore-mentioned analytical

techniques. :

These copolymers typically have number average
molecular weights in the range of 30,000 to
500,000, preferably 50,000 to 200,000. The
weight average molecular weigﬁt for these copolymers is
generally in the range of 50,000 to 500,000,
preferably 50,000 to 300,000.

The above-described hydrogenated copolymers
have been described in the prior art. For example, U.S.
Patent 3,554,911 describes a hydrogenated random buta-

1 diene-styrene' copolymer, its preparation and hydrogena-
tion. The disclosure of this patent is incorporated
herein by reference. Hydrogenated styrene-butadiene

copolymers useful as viscosity-modifiers in the lubricat-
ing o0il compositions of the present'invention are avail-
able commercially from, for example, BASF under the
general trade designation "Glissoviscal®". A particular
example is a hydrogenated styrene-butadiene copolymer
available under the designation Glissoviscal 5260 which
has a number average molecular weight of - 120,000,
Hydrogenated styrene-isopreﬁé copolymers useful as vis-
cosity modifiers are available from, for example, The
Shell Chemical Company under the general trade designa-



tene, and sulfurized terpene; phosphosul furized hydro- carbons such as the
reacti on product of a phosphorus sulfide with turpentine or nethyl ol eate;
phosphorus esters including principally dihydrocarbon and trihydro- carbon
phosphites such as di butyl phosphite, diheptyl phosphite, dicyclohexyl
phosphite, pentyl phenyl phos- phite, dipentyl phenyl phosphite, tridecyl
phosphite, distearyl phosphite, dinethyl naphthyl phosphite, ol eyl &
4- pent yl phenyl phosphite, pol ypropylegs. (nol ecul ar wei ght

500) - substi tuted phenyl phosphite, diisobutyl-sub- stituted phenyl
phosphite; netal thiocarbamates, such as zinc di octyl di t hi ocar bamat e,

and barium kdphny! lﬁ‘lsmaallvtilst"m ocarSIﬁHxﬁs’Pwrf@@mrISthDreﬁéﬁﬂéalawma
particularly use- ful le a |t|ve04)fg_.§ |nclud in the |ubricati

g
oils descri &P yheﬁ& Qe 5%B? ¥BPht OHePpFELESRAL 3ndn
oi | - based conﬁs&pMeums mmvnn@wmaaInumbempeawetageprncbééuESrO&nghtbaﬁEd

ant T Addi 1 ves 2 9‘% 35 A o ek Gk SR afonBIRE, pole pets '
publ i shers, Ccend aand Osino, isdfkereagntesnfofisapohit p8lrmpbenpercent.
depressant s. af e‘ﬂkﬁ@e”ﬁﬁﬁﬂ %}TMWH&P&}? 1p€$¥nﬁfé¥ia€bﬂﬁéggcgﬂa -

densation products ness et o Vi ny
car-boxyl at e pélsynﬂ-ﬂgﬂtd-rfd-qdera@ow@elr@%k cﬁ@‘k%%ﬁa@ét%tyrenﬁyan@sléps of

fatty acids a@qeatekyhaﬁl ! a ¢iuitier avél eﬁﬁ’éi’éc@?&’feﬁé%‘hé ufeaybuf;or -
t he purposes IS 1 nvention, techni e r their g IBgfratlon and thei N/
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~

uses are descrogeg 00+ uas styrane oo a@P%ﬁS eopgrgentgand
1, 815, 022; 2, 29l,i49prededontent 2)f725b<ﬁﬂ:7 72 m&le Sgdrcentl. 3, 250, 715 whi ch
are hereby incorporate%‘%y refer nce, t heir_rel evant dISCé ures,

h amount polymerlc v1sc051ty MO ier in-

corporated in <the  1lubricating oil composztlons of the
present invention may be varied over a wide range al-
though 1lesser amounts than normal are employed in view
. of the ability of the carboxylic acid derivative compon-
ent (B) (and certain of the carboxylic ester derivatives
(E)) ¢to function as a viscosity modifier in addition -to
functioning as a dispersant. 1In general, the amount of
polymeric viscosity-improver included in the lubricating
0il  compositions of the invention may be as high as 10%
by weight based on the weight of the finished lubricat- ./
ing o0il.. More often, the polymeric viscosity-improvers
are used in concentrations of: 0.2 to 8% and
more particularly, in amounts from 0.5 to 6%
by weight of the finished lubricating oil.
' The lubricating oils of the present invention
may be prepared by dissolving or suspending the various
‘components directed in a base 0il along with any other
additives which may be used. More often, the chemical
components of the present invention are diluted with a
substantially inert, :normaily liquid organic diluent
such as mineral o0il to form an additive concentrate.
These concentrates usually comprise from 0.01 to

¥ registered Trade or Service Mirk.



-141- Anti-foam agents are used to reduce or prevent the formation of
ble foam Typical anti-foam agents include silicones or organic :
polymers. Additional anti- foam conpositions are described in "Foam
Control Agents" by Henry T. Kerner (Noyes Data Corporation, 1976), pages
125-162. The lubricating oil conpositions of the present invention also
may.contain, particularly when the lubri- cating oil conpositions are
fornul ated into nulti-grade oils, one or nujgegcommercially available
viscosity nodi- fiers. Viscosity nodifiers generally are polyneric mat-
erials characterized as being hydrocarbon-based pol yners general |y having

nunber average nol ecul aB0YebPhkei§Rt - oFCERe addltlvezéoﬂ Bnenitd
nore often bet“@ﬁﬂ% 0, 000 nd ZOdQOOO PoI ISOE&F; ene % beeﬁggﬁgg ed

a viscosity nodi nd | HRRY £ PRER1Ry| &0 Hﬂ?ha@ﬁ?l&?e@OGﬁwﬂf 5@@
pr epar ed fromlno&hafm addimﬁ¢ﬁ@raéste;nadoaﬁbeebaVCBﬁceﬁtiheﬁﬁﬂh stlchy las

groups. Mst P Vi nDdl our poi nt
depressants. %%:ﬂ iiyf% gf‘g °5e i‘?ﬁe?agtﬁgl SWPTE'MS n or branched
chaﬁn/gr?ups cont ai ni ng fopndalo lubrzcatiﬂgcaobmncamp031t!bﬁ9 aceﬁaahn
amount of a nitrgqge nt [ e th

met hacryl at es, dlsp2¥§gn proper e%ﬁg g% %F% ?%gﬁb%g§§%éngnﬁ% ﬁ@i

pr oduct . ThuslqguiFQ¥kﬁiﬁkR§ ¢t& examplesipl e function of viscosity

-nodi fication, pour point r a S h s .haye
béeu‘referred ESQ& pthe %?fpggﬁﬁlg%g%ggﬁ% yggﬁé?gggé?? S%E E?Eﬂgigg 186

si nply dispersa 8 BRFIREages \RF§ 99riai viel umﬁvbayus and the
pyrrolidone andeQCGﬁﬂﬁﬁésﬂEﬁﬂd&&&@ﬂ' tRé haghohRte gre EKé”pBS§inly oil

Bgf;ﬁg??zgfpgﬁ'gbﬁgg%%fgggﬁﬁgatq5¥acry LS opiglogt.Lrom addltlves used to
form the 1lubricating oil composition. For example,
Lubricant I contains 6.5% by volume of the product of
Example B-20 which is an oil solution of the indicated
carboxylic derivative (B) containing 55% dilhent oil.



-142- one or more al kyl acrylates also are useful as viscosi- ty-nodifiers.
t hyl ene- propyl ene copol yners, generally refer- red to as OCP are prepared
by copol yneri zing ethylene and propylene in a hydrocarbon solvent using a

Ziegler-. Natta initiator. The ratio of ethylene to propylene in the
pol ymer influences the oil-solubility, oil-thicken- ing ability, |ow
tenperature viscosity, pour point de- pressant capability and engi ne U
performance of the pro- duct.  The cor’rﬁ%mrange of ethylene content is
45-60% by weight and typically is from50%to 55% by wei ght. Sone

commercial OCP's are terpolyners of ethylene, prop- ylene and a snal

anount of non-conjugated di ene wsugh asel, 4- hexgdiugne. - &n the rubber

i ndustry, such terﬁoar@r s, afle WeFerre® to as ®WPOM (et hy®ene propyl ene

di ene nono- ner). emuske ¥ @CR.s a® viscosetyw nodifiers in |ubri-

cating oils has increased rapidly since about 1970,. and the OCP's -are
currently one of thegnost wi dely used viscosity nodifiers for notor

oi | s. Esters obtained BP copol ygep zi ng styreng gpd nal eLc anhydride in the
presence of -a freﬁ?radisah~iniuﬁabor amd thereafwer estewifying the

copolyner with a mx&ird & &4-Jd8cal cokbls al sé & e usefdl as viscos- :
ity-nodifying additives in notor oils. The styrene esters generally”
are considered to be nulti-functional prem umviscosity-nodifiers. The
styrene esters in addi-<tion to their viscosity-nodifying properties also. -..
are pour point depslessaht s.anad @x@® bi t Si spersén@ prope- ties when the \o/
esterification is*e8Brifat®dgbeloge itg conpleligh | eavigg sonme unreact ed
anhydride or carbox- ylic acid groups. These acid groups can then be
convert - _ S
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ed to imdes by reaction with a prinmary am ne. -143- Hydr ogenat ed

st yrene- conj ugat ed di ene copoly- ners are another class of commercially
avail abl e viscos- ity-nodifiers for notor oils. Exanpl es of styrenes
i nclude styrene, alpha-nmethyl styrene, ortho-nmethyl sty- rene, neta-nethyl
styrene, para-nethyl styrene, para-ter- tiary butyl styrene, etc.
Preferably the conjugated di ene contains ]:s-j' bnfour to six carbon atons.

Examnmpl es of conjugat ed dienes include pip § en 2, 3-di met hyl -

1, 3-but adi ene, chl oroprene, isoprene and 1, 3-butadiene, wth isoprene and
b-ut adi ene being particularly pref@r- red. M xtures of ;such conjugated

di enes are useful. The styrene comtent of these cope }_«.mers is in the range
of . 20%t o ‘;r 70% by @i ght," prefer- abl {2 40% to

60% by weight. The aliphdtic dormfugated dien& corggnt of these
copolynmers is in the range of" 30% te o' 80% by wei ght,
preferably 40%to 60% by vveggght These c@pol yrﬁe'gs can be prepared by
nmet hods well known in the artQ‘ Such copd ynmersgusual |y are prepared:
by ‘ami oni ¢ pol yneri ion using, Eor exanple, alsk®&l i netal hydrocarbon
(e.g., sec-butyllithijum as a ipchyneri zati on —~cat alg/st . O.her

pof ymeri zation tech- niques such as enul sion pg yne Zatl on can be used.
These copol yners are hydrogenatedgi n sol ution & as g renmove a substanti al
portion of their ol efjnic double 2bonds. Tecgui qu@Sﬁf or acconplishing
thi_s -hydro- genatiorsfare well knewn to those of” skild “in the art and need
not be described in "dtt aig at §hi® point. Bri efy, MyBrogenation is
acconplished b
super - at rmspherq

Sjcont acting the copoly- ners w 131 hycgr ggen at
C pressures in thg
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presence of a metal catalyst such as colloidal nickel, palladium
supported on charcoal, etc. -144- 1n general, it is preferred that these
copoly- ners, for reasons of oxidative stability, contain no nore than

5% and preferably no nore than 0.5% residual olefinic unsaturation on
the basis of the total nunmber of carbon-to-carbon coval ent |inkages wth-..
in the average nol ecul e. Such unsaturatlﬁggcan be mea- sured by a nunber\ gf
means well known to those of skill in art, such as infrared, NWR
etc. Most prefer- ably, these copolyners contain no discernible unsatura-
tion, as determ ned by Ehe afore menti oned anal ytical techniques. These

copol yners typical |, era nolecg aP weiglds in the range

of 30, 000 30 cﬁo gerab % %50,000%0 200, 000.
The wei ght averag® Tolecul é°r iYht f‘br thes® ®@pol yme® is generally in
t he range of 50, 000 to. 500, 000, preferably 50,000 to

300, 000. The above-descri bed hydr ogenat ed copol yners have been
described in the prior &t Formexsnpl & U.S. Batwnt 3, 5%4, 911 descri bes,
hydr ogenat ed rando&r gté— B EheDsfyren& copol yilerY its pfeparation and V
hydr ogena- tion.

by reference. ~ Hydrogenated styrene-butadi ene copol yners useful as
viscosity-nodifiers in &he lubricat- ing oil conpositions of the present
invention are avail- abfe commgregially, fromg for exagple, BASF under
the general trade d s-rgl:at’rom " Fssovisscal . ﬂ particul & exanple is a
hydrogenat ed styr € SubaFere soppl ymes avai | @bl under & he desi gnation
d i ssoviscal 5260 which
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has a nunber average nol ecul ar wei ght of 120, 000. Hydrogenat ed
styrene-i soprene copolyners useful as vis- cosity nodifiers are avail able
from for exanple, The Shell Chem cal Conpany under the general trade

desi gna- -145- tion "Shellvis". Shellvis 40 from Shell Chem cal Com
pany is identified as a di bl ock copol yner of styrene and isoprene having a
nunpber average nol ecul ar wei ght of about ig , 000, a styrene content of
about’ 19 nol e per- cent and an isoprene-?ontent of about 81 nole
percent. Shellvis 50 is available from Shell Chem cal Conpany and is
identified as a diblock copolymer of styrene and i - prene having a
nunber average nol ecul ar wei ght of about 100,000, a&styrene content ofo -
about 28 nol e percerﬁ and;an |soprene cont ept of .a%ut 72 nol e percentu ""The
amount of polyneric i scodity todifiler in- tor'lpotartd in the |ubl catih

oil conpositions of the present invention may be varied over a V\ngde r e
al - though | esser anobunts than nornmal are enployedgn view of the abild y
of the carboxylic acid derivative conpon- ent (B) &and certain & the ¥ =
carhoxylic ester derivatifes (8)) fb funcjign asg viscosity nggdifi g'-’l n
addition to functiorkng a® a dHsperesant. InlgeneraH t he anmount

polynmeric viscosity-inprover included in the lubricating oil corrp;o5| tmoﬁs
of the invention may be as high as 10% by wei ght bagsed on the vvej_ght @f ot he

finished lubricat- ing oil. More often, the pol ric 0 S
vigcosity-inprovers gre wsed in concentrations ok 0.2 to ®

8% and nore particuﬁarlyg' in ém)unt}s from{ I { D.5to0 Ua%by‘“a .
wei ght of the frmnlshed lubricating oil. The lubricating oils of $he piegent

|nvent|on may prepared by dissolving or suspendlgg t he varloug =
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conmponents directed in a base oil along wth any other additives which may
be used. Mdre often, the chem cal conponents of the present invention are
diluted with a substantially inert, normally |liquid organic diluent such as
mneral oil to forman additive concentrate. These concentrates wusually
conprise from 0.01 to * registered Trade or Service Mark. - 146-
80% by wei ght of the additive conponents descri bed above, and may ()
contain, in addition, one or nore of thel®lher additives described above.
Concentrations such as 15% 20% 30% or 50% or hi gher may be enpl oyed.

Typical lubricating oil conpositions according to the present invention
are exenplified in the follow ing lubricating oil exanples. In the
following lubricating oil Exanples | to XVIIIl, the percentages are on a

vol une basis and the percentages indicate the anount. of the normally
oil diluted solutions of "the indicated additives used to form the

| ubricating oil conposition. For exanple, Lubricant | contains 6.5% by

vol ume of the product of Exanple B-20 which is an oil solution of the | |

i ndi cated carboxylic derivative (B) containing 55%diluent oil. -147-

[err] - 148- - .
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_00

[err]

renmai nder

-152-
6.8 Product of

Paraffinic Gl

“[err]

%w Product of Exanple B-1

0.50 100 Neutral
-152-

[err]

Paraffinic Q|

- - 150-

[err]

0.50 100 Neutral

- 149-
Exanpl e XV Product of Exanple B-32

[erf] 4.3~~~~~~R
Exanpl e XIV
6.2 Product of Exanple C1

remai nder
Exanple C 2
Exanpl e XVi

- 153-
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Product of Exanple B- 32

0.40 Product of Exanple D-1

remai nder Exanpl e XVI
Example G5

of Exanmple G 1

Neutral Paraffinic Gl

5.5 Product of Example G2

0.80 100 Neutral
Product of Exanple B-29

0.4 Product of Exanple D1
0. 45 Product of Exanple G 3

remai nder Eégqple XVI |

B-21 4.7 Product of Exanple C-
D6 0.8 Product of Exanmple G 1

G 3 0.2 10
| ubri cati ng &46\%8&%

utral Paraffinic Ol

Paraffinic Q|
4.8 Product of

0. 75 Product
" 0.30 100.

Product of Exanpl ey
0.3 Product of Exanple

0.5 Product of Exanple

r emai.nder -154- The

ons of the present i nv@ion exhibit a reduced
of usa2and thereby reduce wear

tendency to detpFédict cofnEramplensi-li ons
and the formation of suc ndesirahl e deposits as rni sh,
carbonaceou5|n§294§ﬁ§ %ﬁdgF§§Ph8ug°ﬁaterials\JQ’ tend to adhere to the
vari ous engi ne Y60 tSewttlal cBacafflinief Didi ency afemaimdei nes. Lubricating
oils also can be fornulated in accordance with this invention which result

in inmproved fuel econony when used in the crankcase of a passenger

aut onobi | e. |Exameler®W¥di ment, lubricating oils can be fornulated within

sl udge,

o’

this invention #%géﬁh@a@fpﬁﬁﬁmﬁhk gL3bhe tests rgeguired for classifica-
ot~

Product of Example C-2
100 Neutral Paraffinic 0il

tion as an SG

Example XVI
Product of Example B-32
Product of Example C-2
Product of Example D-1
100 Neutral Paraffinic 0il

Example XVII

Product
Product
Product
Product
Product

of
of
of
of
of

Example B-29
Example c-5
Example D-1
Example G-l
Example G-3

100 Neutral Paraffinic 0Oil

Example XVIII

Product
Product
Product
Product
Product

100 Neutral Paraffinic 0il ~

of
of
of
of
of

Example B-21
Example C-4
Example D-6
Example G-l
Example G-3

0.50
remainder

5.5

0.40

0.80
remainder

4.8

0.4

0.75

0.45

0.30
remainder

4.7
0.3
0.8
0.5
0.2
remainder



The performance characteristies of the lubricat- ing oil conpositions of
the present invention are evalu- ated by subjecting |ubricating oi
conpositions to a nunmber of engine oil tests which have been designed to
eval uate various perfornmance characteristics of engine oils. As

menti oned above, in order for a lubricating oil to be qualified for API
Ser,vi ce Classificatlon SG the lubricating oils nust pass certain specified

endTﬁe oil tests. However, |ubricatinmgt3t+4 conpositions pas- sing one
or nore of the individual tests also are useful in certain applications.

The ASTM Sequence, |IIlIE engine oil test has been recently established
as a neans of defining The hﬂggrﬂ§ﬁﬁémmnﬁhi compasitiang of hth&epregentand

deposi t protecm@aneﬁeabl ekhiiB3 t0f a5C RIdE Cidehde Fg:'ys"éé tcﬂféerwfgﬁ

repl aces the Sequence 111D test, provides |nprove crimnation W
respect to hi ghod@Fperanditionfsh ot UsG and therpby [aAQR (WeRE sard the

oi | - thi ckeni ngfé?xﬂéfpbn ofheshhE h%afesitﬁéwees dieﬂ%\ﬁﬁ!‘s 3.8 ofrADeR|

*engi ne whi ch erated on | eaded fuel 8 bhpand -155- 3000 rpm

f or\a nHX|nun1§% ?Eng?ﬁrBPnﬁﬁeﬁBﬁrstQQﬁﬂadé sﬁﬂqKJHQﬁ%?QﬂsJRﬂF%@libgo

pounds) is useghidhl0fénd! yeeol ﬁﬂﬁbteanttd S ttme@balﬁwee@‘m@epﬁgb &Rgi ne
operating tenper t enper at ur.e nmai nt aj hed

at 118C, and fﬂ%uﬁfl géﬁpeﬁﬁngéePSMn& nt @@%ﬁpﬁﬁﬂr]L%Rr¥ﬁPEﬁqu? Sure
. of 207 kPa (30abso).cdhebai fornmullatledr dn accortante arith chid omventbde i S

T oo ™1 TS Ebghie iheg' MRyl a3 % ondl, Wl o0 DyERS
ounces) Iow1aiczaqk@aseheoﬁ-hopassbagbrlﬂuammohmha. InNoare emhndlmenms
are concluded) Bof PL & PAg 0P Es can be formulated within this invention
which can pass all of the tests required for classifica-

tion as an SG oil.
The performance characteristics of the lubricat-
ing o0il compositions of the présent invention are evalu-
ated by subjecting lubricating 'oil_ compositions to a
number of engine ' 0il tests which have been designed to
evaluate various performance characteristics of engine

oils. As mentioned above, in order for a lubricating
0oil to be qualified for API Service Classification sG,
W ' the 1lubricating oils must pass certain specified engine
0il tests. However, lubricating oil compositions pas-

sing one or more of the individual tests also are useful
in certain applications. _

) The ASTM Sequence, ITIE engine oil test has
been recently established as a means of defining the
high-temperature wear, oil thickening, and deposit
protection capabilities of SG engine o0ils. The IIIE
test, which replaces' the Sequence IIID test, prdvides
improved discrimination with‘respect to high-temperature
camshaft and lifter wear protection and oil-thickening
control. The IIIE test utilizes a Buick 3.8L V-6 model
engine which is operated on leaded fuel at 67.8 bhp and



because of low oil level, the lowoil level has general- |y resulted
from hang-up of the heavily oxidized oil throughout the engine and its
inability to drain to the oill - pan at the [err] oil check tenperature.

Vi scosities are obtained on the 8-hour oil sanples, and fromthis data,
curves are plotted of percent viscosity increase versus engine hours. A _.
maxi mum 375% vi scosity increase neasured at 400C at 64 hours is requiredy/
for APl class- ification SG The engi ne sludge requirenment is a mni-
mum rating of 9.2, the piston varnish al®%fninumof 8.9, and the ring

| and deposit a minimmof 3.5 based on the CRC nerit rating systen1

Details of the current Sequence Il 1 E Test are contained in the " uence
11D Surveil | 809 PRI £oRApaxipym %%ﬁﬁeiﬁ%gm °2 gé geufﬁe AQTW%%

Cl assi fi cati onsptang|loaddett eda Ney €2Be rpodfds )1 98 7usedevi S ad0d ajlyaby cbdl- 1988.
The results of the Se uel 1T11E te é}tconguc ed:-on_lubricant X

summari zed i n 3 q%&ﬁ% ¢ _enging Pve£§$kP§e§SEﬁ8éﬁ||-
Test Test ReSHdM%é%\fESCoolaiﬁgI0@t1e9|stemperEtugeLamd Madntadnef at

Lubri cant r e S r S 0410 lo -/
Lup TS S Ve ChiborabiPaSih sMEEAIRGAOMO I e e
i nch. The For rSelLgmess\e pEsI07 &PaldS6r piod |'Fh8t BértRefeglt Totid e NS'EM

ggﬁglg?- g?gp\é\g%{j dTg@; b'.l;.ﬁ_w(i:f{/ ?Q%&a lge %?{;ﬁgﬁzml\@& S&'rc\f’ﬁbl I "’mg initial oil
The test is termznated when the 011 level

reaches 0.79 kg (28 ounces) lom at any of the 8- hour check inter-
vals. When the tests are concluded before 64 hours
because of low oil level, the low oil level has general-
ly resulted from hang-up of the'heavily oxidized oil
throughout the 'englne and its 1nab111ty to drain to the
oil pan at the 49°C 0il check temperature. Viscosities
are obtained on the 8-hour oil samples, and from this
data, curves are plotted of pércent viscosity increase
versus 'engine hours. A maximum 375% viscosity increase
measured at 40°C at 64 hours is required for API class-
ification SG. The engine sludge requirement is a mini-
mum rating of 9.2, the piston varnish a minimum of 8.9,
and the ring land deposit a minimum of 3.5 based on the
CRC merit rating system. Details of the current
Sequence IIIE Test are contained in the "Sequence IIID
Surveillance Panel Report on Sequence III Test to the
ASTM 0il Classification Panel“; dated November 30, 1987,

' revised January 11, 1988. ' '
" The results of the Sequence IIIE test conducted
‘on lubricant XII .are summarized in the following Table
IV. ' -

charge is 4.14 kg (145 ounces . “



The test uses a 2.3.liter (140 CID) 4-cylinder overhead cam engi ne equi pped
with a nmulti-point electron- ic fuel injection system and the conpression

ratio is 9.5: 1. The test procedure uses the sanme format as the Sequence
VD test with a four-hour cycle consisting of three different stages.
The oil tenperatures [err] in Stages I, Il and IIl are 68.3/90/46.1

(15?4210/[err]), and the water tenperatures [err] in three stages are
51.7785/46.1 (125/185/[err]), respectivel y=154e test oil charge volune is
3 kg (106 oz.), and the rocker cover is jacketed for control of upper
engi ne tenperature. The speeds and | oads of the three stages have
not been changed fromthe VD test. The bffaApLByYINate in Stage | is increased

S 12 dhys. The POV valves are PERaredusoek, A5 EBY ) (N cTest A

the end of the test, engine_sludge rocker (Tegt Resuls  piston varpish
average varni sh and val ve t #aiiiswear &#Engine ed.Piston57-Rimg Landl t €T@umt he
Ford Sequence VikubZicantn- dncreasen |Sliudgeiti Marnishv deposipr dMaxs/Ave
invertion are summarized in_ the following Table V. The performdOalite

requi rements for %&Icl assifid®2 on ard<®k fol |l As? engi nebsl udge,(8g4
m h.; rocker cover sludge, 7.0 mn., average varnish, 5.0 nmn.; piston

varnish, 6.5 mn.; VIW380/125 [err] (15/5 mls) max. TABLE V Ford Sequence.
e L ean 3 TRt B dnehirn S e

The Ford Sequence VE test is described in the
"Report of the ASTM Sludge and Wear Task Force and the
Sequence VD Surveillance Panel--Proposed PV2 Test",
dated October 13, 1987.

The test uses a 2.3 liter (140 CID) 4-cylinder
overhead cam engine equipped with a:multi-pdint electron-
ic fuel injection system, and the compression ratio is
9.5:1. The test procedure uses the same format as the
Sequence VD test with a four-hour cycle consisting of
three different stages. The o0il temperatures (°C) in
Stages I, II and III are 68.3/90/46.1 (155/210/115°F), and the water

U temperatures (°C) in three stages are 51.7/85/46.1 (125/185/115°F),

respectively. The test oil charge volume is 3 kg (106 oz.),

and the rocker cover is jacketed for control of upper
engine temperature. The speeds and loads of the three
stages have not been changed from the VD test. The
blow-by rate in Stage I is increased to 5.7 x 1D'Zm3/min. (2.00 CFmM)
from 5.1 x 10-%m>/min. (1.8 CFM), and the test length is 12 days. The
PCV valves are replaced every 48 hours in this test.

At the end of the test, engine sludge, rocker
cover sludge, piston varnish, average varnish and valve
train wear are rated. -



160/ 56 1V

9.2 8.3 5.5 7.2 [err] a In mls or

t housandth of an inch. The CRC L-38 test is a test developed by the
Coor di nati ng Research Council. This test nethod is used for determ ning
the follow ng characteristics of crank- case |ubricating oils under high
tenperature operating conditions: antioxi dation, corrosive tendency, -
sl udge and varni sh-produci ng tendency, and viscosity stability. The CLR\J
engine features a fixed design, and is a=sigple cylinder, |iquid-cooled
spark-ignition engine operating at a fixed speed and fuel flow The engine

has a one- quart

crankcase capacity. The procedure requires that the

CLR single cylinder engimhe b&e@mrtai edft ﬁ’ﬂé@‘d#ﬂnSempeménﬂetgsﬁ bbp-

hour . The t esAAFEe8! oBod LPaLFard ALY ort 0 O <l PEEFRRG “HhbER koD,

The viscositiearef shmrdlde$adm et €alkawingclgbbandvV. THé8petrfiesn-

bear i ng 15 wer SR bERGPA LERREA o (R S{naPEeh Srf B ol PO S

due to corroehgane sdudge, he {edmin ihaaghpheeven $J§-1¢91¢ed7 omin. ;™

sl udge and VarQb%Eag@po%%Eﬁléﬂ“a5“3“m1dﬁ““§15€55 vé¥n1§ﬁ$f@ .5 mikle prRton

skirt wvarnish

O assi fi cat i on 38 2PelhddF Bgidei

e prinary _perf Srnance ‘criteria for Service’
ghX«l oss, ng, nmax of 40 and a piston skirt

varni sh rating (mninmun) of 9.0. The following Table VI summarizes the- -

results of the
L- 38 Test_

L-38 test using two IUbrE&ﬁﬁhijgf the invention. TABLE VI o

Ford Séqﬁencé"VE Test

Test Results
Rocker
Engine Cover  Average Piston VIW, pm
Lubricant  $Sludge ﬂndg.e ~ Yarnish laxmh_ 150/55
IV 9.2 8.3 . 5.5 7.2 (6.3/2.2)3

a

In mils or thousandth of an inch.

The CRC L-38 test is a test developed by the

Coordinating Research Council. This test method is used

for

determining the following characteristics of crank-

case lubricating oils under high temperature operating
conditions:  antioxidation, corrosive tendency, sludge
and varnish-producing tendency, and viscosity stability.

The

CLR engine features a fixed design, and is a single

cylinder, liquid-cooled, spark-ignition engine operating

at

a fixed speed and fuel flow. The engine has a one-

quart crankcase capacity. The procedure requires that

the

CLR single cylinder engine be operated at 3150 rpm,

approximatel :5 bhp, 143°¢C (ZQDOF) 0il gallery temperature and 83°¢
(200°F) coolant-out temperature fer 40 hours. The test is

stopped every 10 hours for oil sampling and topping up.
The viscosities of these 0il samples are determined, and



Beari ng Pi ston Skirt Lubricant W . Loss (nm)

Varni sh Rating | 9.6 9.4V
10. 4 9.7 The O dsnobile Sequence IID test is used to
eval uate the rusting and corrosion characteristics of notor oils. The

test and test conditions are described in ASTM Speci al Techni cal
Pub{ication 315H (Part- 1). The test relates to short trip service under
wi nt@r driving conditions as encountered’ 8he United States. The sequence
1 D uses an Cidsnnblle 5.7 liter (350 CID) V-8 engine run under |ow speed

(1500 rpm, | oad_condi tions (25 bhp), for 28-ho t.h engi ne

cool ant-in at m%$§? numMPeLE| ane. %&Poé e@eﬁﬂ pary | Sﬁﬁftﬁﬁ§$ Rkt
ope{ates for two hours At éﬁéﬁlannlwuppenyﬂeuﬁ-lﬁesﬁ dﬁﬂﬂﬂngﬂthtﬁﬁnghed
cool ant - out at r]. er t u |ne
I s operated fok?éﬁ]’élfiééé tﬁgtﬁg y‘% ggrs%h%ﬁh (’%63%‘ kﬂfbdg :
-159- load coidetibas cQtﬁOsibhp) wﬂEhemo&hmntest,athHMﬂh  talkso 1s
cool ant - out rr 0 our,s)

enghne is i nspectféécg f%)?rr us?ﬁ@g% gBéRg rfl’?l’tl:‘%frl?gtdla?> g:él r}n L%’i im%‘”r%er
of stuck val veantftefs whichi slSechdNS\anclskg.lr\tesraamusim cherpoimate
magni - tude he.pt pj ager.ag u r S
the 11D test %rgaﬁanﬁencﬁgbﬁ?rl \cfg’tr?n%% ?eg%#ggﬁli%ﬁfﬁf 'ﬁl 2?

. above as | ubrd®@ntbodrings weéghtn loBSssef@anc®ax Dofedl and amisken CRC

rugy rating isgiipr J@pnii@beeathh (i’a'i*%fn]ﬁ%-t) desgighed in ASTM Speci al

;
Techni cal Publication 509A ? used for .determ ning the effect of
| ubricating oils on rlﬁﬁh§t|§R ow1ng “Table ' VI summarizes the results

of the L-38 test using two lubricants of the invention.

TABLE VI
L-38 Test
. . Bearing Piston Skirt
Lubricant Wt.Loss (mg) Varnish Rating
I 9.6 9.4
\' 10.4 9.7

The Oldsmobile Sequence IID test is used to

o evaluate the rusting and corrosion characteristics of
‘motor oils. The test and test conditions are described
in ASTM Special Technical Publication 315H (Part 1).
The test relates to short ¢trip service under winter
driving conditions as encountered in the United States.
The sequence IID uses an Oldsmobile 5.7 liter (350 CID)
V-8 engine run under 1low speed (1500 rpm), low load
conditions (25 bhp) for 28-hours with engine'coolant-in
‘at  41°C and coolant-out - at 43°C. Following this, the
test operates for two hours at 1500 rpm with coolant-in
at 47°C and the coolant-out at 49°C. After a carburetor
and spark plug change, the engine is operated for the
final two hours under high-speed (3600 rpm), moderate



ing, ring and cylinder wear and accunul ation of piston deposit in a
Caterpillar engine. The test involves the operation of the special
super-charged, single-cylinder diesel test engine for a total of 480 hours
at a fixed speed of 1800 rpm and fixed heat input. The heat input- high
heat value is 87 kw (4950 btu/mn), and the heat input-|ow heat valve is
81.55kw (4647 btu/mn). The test oil is use as a lubricant, and the dieggl
fuel is conventionally refined diesel fuejggontaining 0.37 to 0.43 weight
percent of natural sulfur. Upon conpletion of the test, the diesel engine
I's exam ned to determ ne whether any stuck rings are present, - the degree
of fyligder,_lbadr ebﬁ?@&ﬁdﬁsri(mn?wnﬁhppndw%hntaaayaﬁtamﬂfQFTggecoégg)
pi st on deposi present. . |.n ar ylar, the top.grooye fillin :
and the meigﬁfed°98a5n§ﬁﬁﬂﬁit t(vé%§ébase %ﬁ.ﬁgvgi$§é°ﬁn8flﬁégt 8Atof
deposits are (82or Hedrs) ,pritthie y exgime nis aiwspectedr farotusbeugdingetre

o rum of 455 RUD9 VBESREL AP S oM PP, Shos Breh abedyeofi4Ebes

hours. - 1681sTheisegeicordsd twiviaclntgives |am it@icationoofuthe mdgnih-
several lubriggibnNdopi | LaUBOSitHd R PhEsaSe Lnyeption.ar -
sumari zed i nEt g fSFI OW Nng Tat#%é)w*g%@ﬁ%&%?g%af%?%i ﬁgsr'#gl—éﬂng?eﬁ'op i
Groove toei BAESd the | AR test ipBsS. When thejlubgicating gdla

Eﬁnerits Vv :ompggitiE%p identified :ﬁbové as lubric&rt #88r is used g/f*'
in the sequence IID test, the average CRC rust rating is
8.5. ' ' '
The Caterpillar 1H2 Test described in ASTM
Special Technical Publication 509A, Part II, is used for
determining the effect of lubricating oils on ring-stick-
ing, ring and cylindér wear and accumulation of piston
deposit in a Cate;pillar-engine. The test involves the
operation of the special super-charged, single-cylinder
diesel test engine for a total of 480 hours at a fixed
speed of 1800 rpm and fixed heat input. The heat input-
high heat valve is 87 kw (4950 btu/min), and the heat input-low hea
valve is 81.55 kw (4647 btu/min)}. The tes: oil is used ac 3
lubricant, and the diesel fuel is conventionally refined -/
diesel fuel containing 0.37 to 0.43 weight percent of
natural sulfur. ' B '
Upon completion of the test, the diesel engine
is examined to determine whether any stuck rings are
present, the degree of cylinder, liner and piston ring

wear, and -the amount and nature of piston deposits .
present. In particular, the top groove filling (TGF), '
and the weighted total demerits (WID) based on coverage “

and location of depositS'arg‘recorded as primary perform-

- ance criteria of the diesel 1lubricants in this test.
The target values for the 1H2 test are a TGF maximum of
45 (% by volume) and a maximum WID rating of 140 after
480 hours.



VI ¢ 120 7 105 480 24

140 VI 1| 120 37 ' 68 480 33
69 Xl 480 42 114 The advantage and
i nproved performance result- ing from the use of the lubricating oi
conpositions of the present invention, particularly with respect to the
use\»gf conponent (B) is denonstrated by Cgig%Lng out the Caterpillar 1H2
test on a control lubricating oil compo- si n which is identical to

| ubricant VIl above with the exception that the product of Exanple B-20 is

(EPLEC 6,0 20 o0 ol SIBMDY 618, AL SpERLRE b RS Kbt

equi val ent rati @di soh 1 sevemddanplubBiedtingeoihtcompesbtonghefcaher pre—

| ubricant faile e G i 1 ar t | D hour s h o]
filling (TGF) oaenis Fiditicd g#%d Sifmofiged MO st?gm%?i%?h% faple
221. In contras¥IXleubricant VIII ratings were acceptable even after 480
hours. See Table VII. Whereas the Caterpillar 1H2 Test is considered to
be atest suitable for light-duty diesel applications (APl Service
Classification CC), the Caterpillar 1& %ﬁﬁ_ﬂcri bed in the ASTM Speci al
Techni cal Publication 509A, Part |CEQE%§Q§1&Q heavipesdut y applications
(APl Service Cassification CD). The | tﬁﬁégiég;%&%gar tonégggﬁgggrpillar
-1H2 test except _that, the conditions of the 19% re de ©dThe
heaL/input-highLﬁgéﬂgégive i s BRUES kw (58 , andlekalpRemerits

I nput -l ow heat val Is 96. 46 5490 btu/ m The engine is_pun at 42

- Vs 5

bhp. Running tenperatures al so hi gher: wat fromthe cyliﬁ er
_ 480 44 90

VII 120 7 105

' 480 o 24 140
VIII 120 37 . 68
480 33 69

X1 . 480 42 114

The advantage and improved pérformance result-
- ing from the use of the lubricating oil compositions of
the present invention, particularly with respect to the
o/ use of component (B) is demonstrated by carrying out the
Caterpillar 1H2 test on a control lubricating oil compo-
sition which 1is" identical to lubricant VIII above with
the exception that the product of Example B-20 is replac-
ed by an equivalent amount of a prior art carboxylic
derivative which is the same as B-20 except that the
acylating agent to nitrogen equivalent ratio is 1l:1. 1In
Example B-20, the ratio is 6:5. The control lubricant
failed the Caterpillar 1H2 test in 120 hours. The top
groove filling (TGF) was 57 and the Weighted Total Demer-
its (WID) rating -was 221. " 1In contrast, lubricant VIII
ratings were acceptable even after 480 hours. See Table
VII.



head is at about 880C and oil to bearings is about [err]. Inlet air to
engine is nmaintained at about 1240C and t he exhaust tenperature is [err].
In view of the severity of this diesel test, the target val ues are higher

than in the 1H2. The HBX|nun1aIIomabIe top groove filling is 80 and
the maxi mum WID i s 300. The results of the Caterpillar 1& Test conduct--ed
usi ng Conposition- | X of the present invention are summarized in the -’
following Table VIII. TABLE VII| Caterprilbdr 1G2 Test Top G oove

Wi ght ed Lubri cant Hour s Filing Total Denerits | X-
120 72 298

The Sequence VI test jWhereast Ebﬁl |§é§e'!-'91&tlélr- 1ﬁfzyT|§§§sér$g@r°Q§d-td%ﬁﬁ

light-duty tregk pe |8 st h@uﬁE’ébleSéE/:Aﬂb’htEaatgyd;@%&aera\gpn
In this test,, a General, Motor nglgﬁé erated under. ti

h
control | ed cotfRY | V%‘Fl%bl?iﬁsﬁilkéf’gslﬂﬁas € € atergg.gj.qqqg. tZBr ake

Speci fic Fuelrdsts \3§8 ¢ PibEBSER) théOASTH spbeihhe‘rech?hblaqalliuﬁlﬁl'dﬁtﬂbn
of - t

(tion ORE MLy UIe SUGTED neadie BbEYhRBIECHens (s

enpl oyed to Sextwice rCkassifpcationonCDEver FheeIG2i teptededadniaan to

ooy o ne T, (HEHLAORL ks LaREOBKBERRPEREY cATTMaR s " OV 30

hi gh-ref erenddhe (RSt Mrer m@neudamagdane-pra ér hga&ciioipyk -drigh heat L

fgl LE;Zﬁ Iggna @19@% das & RL! (deof balshed)] Bhe tHaenengig, 1bh oML tS put ed oy
96.46 kw (5490 btu/min). The engine is run at 42 bhp. Running
temperatures aiso are higher: water from the cylinder
head is at about 88°C and o0il to bearings is about
96°C. Inlet air to engine is maintained at about 124°C
and the exhaust temperature is 594°C. In view of the
severity of this diesel test, the target values are
higher than in the 1H2. The maximum allowable top
groove filling is 80 and the maximum WID is 300.

The results of the Caterpillar 1G2 Test conduct-

ed using Composition IX of the present invention are
summarized in the following Table VIII. '

TABLE VIII
Caterplllar 1G2 Test
- Top Groove Weighted
Lubricant Hggzg ~Filipng Total Demerits
IX 120 - 72 171
480 7% 298

The Sequence VI test is a test utilized to qual-
ify passenger car and light-duty truck oils in the API/-
SAE/ASTM Energy Conserving™ Category. In this test, a
General Motors 3.8L V-6 engine is operated under tightly
controlled conditions, enabling precise measurements of



40- hour aging period at noderate tenperature, light |oad, steady state
conditions. At the conclusion of the aging, replicate BSFC neasurenents are
t.aken at each of two test stages with tenperatures ranging fromlow [err]
to high [err], all at 1500 rpm 8 bhp. These BSFC data are conpared to
correspondi ng neasurenents obtained with fresh (unaged) reference oil HR
which is flushed into the engine directly after the aged candi - date oi
neasdrenents are recorded. To mininize efl68ts of additive carry-over from
the candidate oil, an abnormally high detergent flush oil (FO is briefly
run in the engine prior to the HR Flush oil also is used during the
pre-test engi néh&l iBrakey iwecifiqdyelfansemprionnéBeFS) s saydndégate
operating hour ghelhe Xt sl aed r edpgiéefoRr oOvpgedeRy t Rethandi dakee
oil is expressed as a wei teqaﬁgera e of the individual stage Rgrcint d
change (del ta) 8%y r] dhd FEAT§-9kTHR§ 2Lt gHiCHOBROFRESBEFONFLOL an
correl ati on of ddta weigdguisiti®s/precessing t hsysvemCaaréesempioykds, to
transf orm equatj %éé%LBed.tO ﬁépress.results i n equi val ent fuel econony
inpkovenent-(Eﬁé%. MMM REGGLFEPRr m equati on used is as fol | ows:

- EFElI = 10. 65(stage 150 deBvegyt0.t¥gtst abee 2pbecledéed) |bP. 6anl. 88gkne/sgsaenl e,
i1f- a 3@6inprqéﬁgﬁn; | b A t 6Y%vmi : QY eIme at
stage 275, the uast:if%rPt %faﬁv???aﬁ%f%ﬁ?%%ﬁ?%ﬁ#s‘%.TQQ /o5 9%he She

. results of tROWElemalytamking Hrietion predhbied| (MhanBABt 5P 1BR)
fﬁ%ﬂff gg t(Jlt lelralﬁgwg SAT 1 ZR§-30 N"hifhire£OrORSE T PBR) . Of AEBErPESAR T EMing

, the proper precision and calibration, a candidate oil is
flushed into the engine without shut-down to undergo a
40-hour aging period at moderate temperature, light
load, steady state conditions. At the conclusion of the
aging, replicate BSFC measurements are taken at each of
two test stages with temperatures ranging from low
(65°C, 150°F) to high (135°C, 275°F), all at 1500 tpm, 8 bhp. These

BSFC data are compared to corresponding measurements
obtained with fresh (unaged) reference o0il HR which is
flushed into the engine directly after the aged candi-
date o0il measurements are recorded.

To minimize effects of additive carry-over from
the candidate o0il, an abnormally high detergent flush
0il (FO) is briefly run in the engine prior to the HR.

- Flush oil also is used during the pre-test engine cali-
bration. Test duration is about 3.5 days, 65 operating
hours.

. ‘The fuel consumption reduction provided by the
candidate o0il is expressed as a weighted average of the
individual stage percent change (delta) (at 65°C, 150%F and 13s°C,
275°F). Based on the overall correlation of the weight-
ed test results with Five Car test results, a transform
equation 1is used to express results in equivalent fuel
éqonomy improvement (EFEI). '



ants V, X and XlI) are sumarized in the following Table VIII. The

target of

designation, and the target of 2.7% is the mnimuminprovenent in Fuel

1.5%is the established mnimumrating for Fuel Econony

Econony required for the API/SAE/ ASTM Energy Conserving Category. TABLE I X

Sequence VI

Taraet V
2.1
Wiile the

enbodi nent s

Test Fuel Econony Lubri cant I ncrease (%
2.3 1.5 X

1.5 Xl -163- 3.2 2.7
i nvention has been explained in rela- tion to its preferred
, it is to be under- stood that various nodifications thereof

wi || becone apparent The trhas€orakidduatiom dded ais apofolbessng t he

speci ficati

i nternal conb [0
wei ght -of oi|ﬂ%¢i'

wei ght of at |east one carboxylic

from
equi val ent.
by the pres

groups and

on. -164- dains-1. - A lubricating oil conposition for
ein_s! ’fl i < (N 3

Cro vzoqm AN

50%

“

by

deri@ﬁf_ée conposi tion produced by react-
ing (B-1) at |east one substituted succinic acylating agent wth (B-2)

Por0 ezampikent ifp @0 |3%ssimpgrovement isjobserved atrstage ‘w’

SRR, 18 TR, gl AU 0 B et
Succinic OpfPSresults of the Sequence VI. Fuel Efficient
Ergine 0il Dynamometer Test conducted utilizing lubricat-
ing’ o0il compositions of the preseht invention (lubric-
ants V, X and XI) are summarized in the following Table
VIII. The target of 1.5% is the established minimum
rating for Fuel Ecoﬁbmy'designation, and the target of
2.7% is the minimum imptOvement in Fuel Economy required
for the API/SAE/ASTM'Enérgy Conserving Category.

B TABLE IX
Sequence VI Test
- Fuel Economy

Lubricant Increase (%) Target
v o - 2.3 1.5
X R 2.1 1.5

XI 3.2 2.7

While the invention has been explained in rela-
tion to its prefefred embodiments, it is to be under-
stood that various modifications thereof will become
apparent to those skilled in the art upon reading the
specification. |

erein
sai d substi tthedalsavei hransfpirm ieqpakjon icodn43es one or nore substitue
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wherein the substituent groups are derived fron1a pon al kene, sald

pol yal kene being characterized by an M val ue “mﬂﬂ“‘m“m“‘
5000 and an MvM Mh value of 1.5 to 4.5, sald acy‘uml ng
char- acterized by the presence withinits structure bf bn'hvérage of
at least 1.3 succinic groups for each equiva- |lent weight of substituent
‘groups, and (C) from 0.01 to =-164-2%by weight of at |east one
basi® alkali nmetal salt of a sulfonic or car boxylic aC|d 2. A
conposition of claim1 containing at Ieasi 5% by wei ght of the
carboxylic deriva- tive conposition (B). §—§i$§conp05|t|on of either of
claims | and 2 containing.at lacagubricating @hofcdnpoLiiiviVisor Detéraaive
conposi - tion ( 4 .. A co SItI f a recedi ng claimwherein from
0.75 to géWBBsgaﬁvaP éﬁ%éﬁa(ﬁﬁh d (B-2) is reacted per
equi val ent of acyl ating 4&9nt at lem 5. A d&0fody | weightanyf potl edf ng

cl ai mwherein t Is at | east 1500. 6. A
conposi tion of §§$¥%%g§% %ngng%sg%%ﬁereln the value of MM Mh in (B-1) is
from/ 2.0 to (B) ats5. lpast A conpod iQbbwiweightyref calt nbeasti m

wherein the subghpt U@HE:b& gua% u'&r(i%aﬂt)iv%r ﬁdgﬁ@iaﬂ Prdblicdd B feact-

pofFyal kenes sel ect ed ron1 ono- ynmers an nterpeﬁyners of termn
ol efins of fronmt®gio(B-1) at 1éea@$rbGP suRciRiriaeylaking

. said interpol ympgentcagitapt (@@l y fgomi ai 1 Up §.70 equivalent2lip Ofo PDEyFES
unLLs derived f&ﬁn]lnternan%h%L&%%tgfpé% equivalent of acylating agent,
of at 1least one amine compound characterized by the
presence within its structure of at least one HN<¢ group,
and wherein said substituted succinic acylating agent
comprises one or more substituent groups and succinic groups,
wherein the substituent groups are derived from a poly-
alkene, said polyalkene being characterized by an Mn
value of 1300 to 5000 and an Mw/Mn value of
1.5 to- 4.5, said acylating agent being char-
acterized by the presence within its structure of an
average of at least 1.3 succinic groups for each equiva-
lent weight of substituent groups, and
\ (C) from 0.01 to " 2% by weight of
at least one basic alkali metal salt of a sulfonic or
carboxylic acid. |
2. A composition of claim 1 containing
at least _ 2.5% by weight of the carboxylic deriva-
tive composition (B). '

- 3. A composition of either of claims 1 and 2 containing

at least 3.0% of the carboxylic derivative composi-
) tion (B). ' '
4. A composition of any preceding claim wherein

from 0.75 to 6195 equivalent of amine com-

pound (B-2) is reacted per equivalent of acylating
agent.



16 carbon atons. 8. A conposition.of any preceding clai mwherein the
”Iﬂumm“ﬂﬂumgu ups in (B-1) are derived froma menber selected from
S Nyl - ene-propyl ene copol ynmer, pol ypropyl ene, and m xtures of
t

or nbré of any of these. 9.. A conposition of any preceding claim
wherein the substituent groups in (B-1) are derived from pol ybutene in
which at | east 50% of the totel168wits derived from butenes i s/

derived fromisobutene. 10. A conposition of any precedi ng clai mwherein
the amne (B-2) 1is an aliphatic, cycloaliphatic or aronmatic polyam ne.
11. . A conposition of Sany precompisigien sifnapherecedingeckpinnehqrpinp)thes 5

hydr oxy- subst y,at,ed JEOMANH G BPL) Vis ik NEea®t M Xturggophereof. 12. A
conposition of any preceding clal m_vﬁ_lereifn t he am ne % -Zzn it? characteri zed
by the general fornul aq.err]A composition of any precet{]l\gglﬁ: aim wheygdn erei n

n is from %allae of Mw/MD irca@-BB i$ freiepend- -eplbyts hydrogansatom a
hydr ocar byl group, or % hydr o- xy-s.ubstittut ed or-‘am no-substjtuted
hydrocarbyl group havidg ~upt cegposition ol 3py Jrgreding; ¢ Imnwheredhi €% ¢ hat
at | east one Babgtditment a dnolipgein a(B+l hnaré) derived| Eybmnengr orpmoire

Sherein the sBPOTRURerUE "Batetsda "OBRAR [halbe 1Y PLEGEd 9 €M
conposition pblysexism Bhdtinterpelymens ofii terminabnotefinsdofs fxom 2 . B
S oentE by "o JETYfY s ) 88 Bkbvhal et ke ) -
: interpolymers can optionally contain up to 25% of
polymer units derived from internal olefins of up to
16 carbon atoms. ”

_ 8. A composition of any preceding claim wherein the
substituent groups in (B-1) are derived from a member
selected from ' 'polybutene, ethyl-
ene-propylene copolymer, polYpropylene; and mixtures of

- two or more of any of these. '
° . 9. A composition of any preceding claim wherein the

substituent groups in (B-1) are derived from polybutene

in which at 1least - - 50% of the total units derived
from butenes is derived from isobutene. ' .
10. A composition of any preceding claim wherein the —

amine (B--Z)I is an aliphatic, cycloaliphatic or aromatic
polyamine.

~ 11. A composition 6_f any pr_ef:eding' claim wherein the
amine (B-2) is a hydroxy-substituted monoamine, poly-
amine, or mixtures thereof. |

-12. A composition of any pfeceding claim wherein the .

amine (B-2) is characterized by the general formula

R3-N-(U-N)-R3 | (VIII)
23 23
R3 R



[err] (IX)y [err] (X) wherein R and
R {are each i ndependently an aliphatic group containi

60 carbon atons, T is an aronatic hydrocarbon nucI eus”ﬂllmmunqmlu ||!(

to 3, and r and y are nunbers of 1 to 2. 15.

claim 14 wherein the sulfonic acid is an al kyl at ed benzenesul fonic acid.
16. {A ,conposition of any preceding clai mwherggs the basic al kali netal
salt (C) is a sodiumsalt. 17.. A conposition of any precedi ng cI aim

wherein the nmetal salt (C) is characterlzed as having a rat|$
equi val ents of awhereimet &l tis ecﬂnonal dntt of sul {0 ceach RY bbsyindepend-

L, enttd e R 5P it 6 ko

phate characteri Mdswstﬁiétﬁt@drmqu [mi]nwllﬁtﬂ-tt}@ﬂ hﬂiﬁ“?@bl’} greup
each independent h&v’i&%i’gﬁ bylg 9roups oy idmhd'd wi‘.ﬂ?”&ﬁet&ovxso thai:3ﬁ/lt

carbon atons, MIS nis an I nteger equal to the val ence of

19. A c4@R8E t one 01“R cl gnAUEs vker & n hidregan o?n'émbf apg U is an
hydrieear byl group3k9flenlet gliddy Y#0s- phag &o (D) 1510 akdslbgdatéms,t he
oxygen atons through a se ndary carbon atom 20. A .conposi tion of Elther
of clainms 18 and 19 wherei °eac9hC°‘Eﬂ°sﬂﬁb°%§’érWaPB?HedQF%Lr}:ggl‘Bfw D?lr’f

attached to the gajge(C)t A d Halglos arecrghnic csubfionic cac?d. A
~conposition of amy one of claims 18 to 20 wherejn, one f he hydr ogar byl
gr&ups is an i sopropyl grdlffp ahd composit:.on oP ciafm Xg ere n

the organic sulfonic acid is a hydrocarbyl-substituted
aromatic sulfonic acid, or an aliphatic sulfonic acid
represented by Formulae IX and X, respectiv_ely

Ry-T- (SO3H) o (IX)
R'-(SO3H) . ()

wherein R and R' are each independently an aliphatic
group .containing- up to 60 carbon atoms, T is an
' arqmatic hydrocarbon' nucleus, x is a'number of 1 to 3,
and r and y are numbers of 1 to 2.
N~ 15, A compbsitibn_ of claim 14 wherein
the sulfonic acid is an alkylated benzenesulfonic acid.
ib. A composition of any preceding claim wherein the

basic alkali metal salt (C) is 'a sodium salt.

17.. A composition of any preceding claim wherein the

- metal salt (C) is characterized as having a ratio of
equivalents of alkali metal to equivalents of sulfonic
or carboxylic acid of at least o 2:1.

18. A composition of any preceding claim also con-

taining



the ~other hydrocarb group is a primary hydrocarbyl group. 22. A
conp “‘“ﬂ‘m“‘g of clains 18 to 21 wherein the netal in Formula Xl
i's a1 tm“ | um num tin, iron, cobalt, |ead, nolybdenum
manganese; it cRel “or copper. 23. A conposition of any one of clains 18 to
21 wherein the nmetal in Formula Xl is zinc or copper. 24. A conposition of
any preceding claimalso con- taining (B16a+ |east one carboxylic est
derivative conposition produced by reacting (E-1) at |east one substituted
succinic acylating agent with (E-2) at |east one al cohol of the general
formul a -168- R3(CH)(R) at least one metalXdihydhecarbyR3dithd ophos-

nonoval ent or 0. _ the -CH groups through a
piilve’ diiia &%fgﬂeér’d Q?Pué’hé i&f@ui&

carbon bond, and mis an In from 10. 25. A
conposition of claim24 wherein mis at-least 2. 26. A conposition of

ei ther of clainms 24 and 25 whergigldghe conpQsition obtained by reacting the
acyl ating agent (E-1) with the aIEbho -HQ Is further reacted with
(E-3) at |least one anmine contalnin HN< group. 27. (XIA :

conposition of claim26 where\/r an1n (E-3) is a polyam ne. 28. o/
conposition of any one of clainms 24 to 27 wherein the substituted succinic
acyl ating agent (E-1)° nprises ope or ‘nore substituent groups and succini¢

groups wher ei mhemeimb t @@ ROumErer cealch i imdependentdyl Hglkerarbyai d

groups containing from 3 to 13 carbon atoms, M is \NJE
-a metal, and n is an integer equal to the valence of M.
19. A composition of claim 18 wherein at

least one of the hydrocarbyl groups of the dithiophos-
phate (D) is attached to the oxygen atoms through a
secondary carbon atom.

20, A composition of either of claims 18 and 19 wherein
each of the hydrocarbyl groups of (D) is attached to the
oxygen atoms through a secondary carbon atom

21. A composition of any one of claims 18 to 20 wherein
one of  the hydrocarbyl groups_is_an isopropyl group and
the other hydrocarbyl group is a primary hydrocarbyl
group.

22. A composition of any one of claims 18 to 21 wherein -/
the metal in Formula XI is a Group II metal, aluminum,
tin, iron, cobalt, lead, molybdenum, manganese, nickel
or copper. , _

23. A composition of any one of claims 18 to 21 wherein
the metal in Formula XI is zinc or copper.

24. A composition of any preceding ciaim also con-
taining _

(E) at 1least one carboxylic ester derivative
composition produced by. reacting (E-1) at least one
substituted succinic acylating agent with (E-2) at least
one alcohol of the general formula



pol yal kene being characterized by an Mh value of 1300 t 5000
and an Mv Mh val ue of ~1.5to 4.5, said acylat ”'!I’Hﬂﬂm ﬂ,!’ﬂ
characterized by the presence wthin its structure=0Tcdt) "ﬂ
succinic groups for each equival ent wei ght of substituent group. 295 *A

conposition of any preceding.claimalso con- taining (F) up.to
1% hy wei ght of at |east one parti al fatty‘&épd ester of a polyhydric

al cohol . 30. A conposition of <claim?29 wherein the fatty acid
ester of the polyhydric alcohol is a paréi?é Eatty acid ester of ql %Srol.
31. A conposition of either of clains 23 Him30" wherein the fat#& cid

contains from 10 to . 22 carbon atons. -169- 32. A
conposition of e edi ng ai i pin G)_at least one neutral
or basic alkali ne__e%ﬁ et a’?é A 'ﬁlJ’R%Ygfg{.'é Stag?iggﬂgiﬁ&kd%'g&?’d&nﬂ&’%’&n
pound. 33. A Joined cdipdthe i <PH groupsathreeghhar canbonebenddi andr gardisc
compound is a sdd Untdgder SOren!1cegdci d, phpgphorus acid, phenol, or
m xtures thereof. 34. "A_lubricating oil conposition for internal .
conbusti on engi nes whi ch &mprikes (A) ePmpagition of gdadmy2decwheredn oi|
of lub- ricatindsvistcdddst ZB) at |[east 2. 5% by wei ght of at
| east one carboxylic deriyative conposition produced. by reacgt-_ing.(B-1), at
| east one substituted sudfimi ¢ %Wiqgﬁlﬁbm bePE e Ralii? O add "5 (etsd
S the composition obtained by reacting the acylating agent
A (E-1) with the alcohol (E-2) is further reacted with
(E-3) at 1least one amine containing at least one HN¢
group. _

27. A composition of claim 26 wherein
the amine (E-3) is a polyamine. .

28. A composition of any one of claims 24 to 27 wherein
the substituted succinic achéting agent (E-1) comprises
one or more Substituent groups and succinic groups wherein the
substituent groups are derived from a polyalkene, said

polyalkene being characterized by an Mn value of

1300 to 5000 and an Mw/Mn value of 1.5 to
4.5, said acylating agent being characterized by
the presence within its structure of at least

1.3 succinic groups for each equivalent weight of
substituent group.

29, A composition of an& preceding claim also con-
taining
(F) up to 1% by weight of at least one
partial fatty acid ester of a polyhydric alcohol.
) 30. A cdmposition of claim 29 wherein

the fatty acid ester of the polyhydric alcohol is a
partial fatty acid ester of glycerol. _

31. A composition of either of claims 29 and 30 wherein
the fatty acid contains from = 10 to 22 carbon
atoms. '



agent—wtT— (B-

AR

2y from 0.70 equivalent up to |l ess than one

equi val ent of acylating agent, of at I|east one amne
terized by the presence within its structure of at |east

ov ousp, *and wherein said substituted succinic acylating agent

conprlses one or

nore substituent groups and succinic groups wherein the

substituent groups are derived fron1a polﬁggalkene -sai d pol yal kene beidg

characterized by an M val ue

value of 1.5 to
the presence w
groups for each

Oto 5000 and an Mw/ Mh
- 4.5, sald acyl ating agent being char- acterized by
thin itgy, st ..Qf r akqls .3 succinic
- R Ehifdon b B AlEe Mt A R sd 7 0T

equi va- |ent ups,

0.01 to conﬁﬂédipgwekght of at |east one basic sodi um or .potassium

hydr ocar byl sm
of at | east

fonate(cpnda{;D)le'ﬁng one neutrdl foxr bas:.c?&lzlté(lﬂﬁéght

net al hy arb di t-hi;oph sphate af .t he fornul a
P17 perr) arth®'fetalVSaRe®' 3f b f1RIRRAR peladd Badadie "oy
i ndependent |y ﬂsquhd)car bon groups cont al ni ng from 3 to 13 carpa

atonms, Mis a Goup I#.
nnlybdenunl manganese, |ékel or copper

2l UoBbstibn | ¥, AU (a2 | ARlketn

'S an i nteger equa

val ence of M e acﬁdic organénpggmppund ds aclsmlfux) agid} cicax®yxykiat

| east one ba5|£b
either of clains

iﬂ%&gﬂéggér Q&hasugm%tle o%ﬁgné)xtu’i'ecsomééﬁn of

I'S ZI NC Or copper.

A conposition of any ond4ef Al alnbrigatingsoidecomposi ﬁ%ﬁﬁn QFM?Q#9¥¢E4\\/
.hydrocarbyl sﬂébﬁsusfuéﬁ»ehéiﬁésaﬁhséh comprises

(A) at least 60% by welght of o0il of lub-

ricating viscosity,

(B) at least 2.5% by weight of at least

one carboxylic derivativé'composition produced by react-
ing (B-1) at 1least one substituted succinic acylating
agent with (B-2) from 0.70 equivalent up to less
than one equivalent, per equivalent of acylating agent,
of at least one amine compound characterized by the
presence within its structure of at least one HN< grohp,
and wherein said substituted succinic acylating agent
comprises one or more subst'ituent.groups and succinic groups
wherein the substituent groups are derived from a poly-
alkene, 'said polyalkene"being_ characterized by an Mn
value of 1300 to 5000 and an Mw/Mn value of

1.5 to ‘4.5, said acylating agent being char-
acterized by the presence within its structure of an
average of at least 1.3 succinic groups for each equiva-
lent weight of substituent groups,

(C) from 0.01 to 2% by weight of
at least one basic sodium or potassium hydrocarbyl sul-
fonate, and | - | |

(D) from - 0.05 to 2% by weight of

at least one metal dihydrocarbyl dithiophosphate of the
formula



to the oxygen through a secondary carbon atom 38. A one
of clains 34 to 37 wherein both hydrocarbyl groups of mﬂaﬂ Im"ﬂhmir
t he oxy- gen atomthrough a secondary carbon atom 39.

conposition of claim38 wherein the hydrocarbyl groups contain from 6 to-
10 carbon atons. 40. A conposition of any or]'e., f clains 34 to 39 al so
containing (E) at |east one carboxylic ester' derivative conposition

produced by reacting (E-1) at |east one sub- stituted succinic ester
acylating agent with (E-2) at |ea q&e al cohql of the general formula
R3(OH) m (X1 ) I s\a nonoval ent or pol yval ent
organic group. joined to the - group/}(l’u Marbon bond, and(XIds an
integer of from1 to 10. -171-\4%2 conposition of claim40
wherein the carboxylic derivative rrp03|t|on (E) is further reacted with
(E— 3) at least one am ne conpound contain- ing at | east one HN< group. 42.

corrposwheeelnof ricl 3@ 41;%@:% N ddth ama@péxmmwm KfaRdchSban
aI kyl ene pol yam ne. A cqnposi tion of atqv) one of 34 10 42 al so
f

contajning (F) gﬁ°“?§ containing ,frgm at D AEomE, 1 Y; 5
acid ester of a pol girpidp C I3 caedal 44a1unﬂnum, tm,oruxm,tlwbabf: Teaam
43 -wherein the : acid ester is apajzﬁtl?é fafty acid este ra%h
gl ycerol. 45. A 88%3%’9#’?1“8% oPARFANEGS Gyt 4P nFWPhver ?Kh 1is an
o integer equal to the valence of M.

N\ 35. A composition of claim 34 wherein
(C) is at least one basic sodium hydrocarbyl sulfonate.

' 36. A composition of either of claims 34 and 35 wherein
the metal in (D) is zinc or copper.

37. A composition of any one of claims 34 to 36 wherein at
least one of the hydrocarbyl groups in (D) is attached
to the oxygen through a secondary carbon atom.

38. A composition of any one of claims 34 to 37 wherein
both hydrocarbyl groups of (D) are attached to the oxy-
gen ator_n through a secondary carbon atom.

39. A composition ©f c¢laim 38 wherein
the hydrocarbyl groups contain from 6 to 10 carbon
W atoms. _
40. A composition of any one of claims 34 to 39 also

containing
' (E) at 1least one .carboxylic estér derivative
composition produced by reacting (E-1) at least one sub-
stituted succinic ester acylating agent with (E-2) at
least one alcohol of the general formula

R3(OH)y o (X1I1)
‘wherein R3 - is 'a monovalent or polyvalent organic group

joined to the -OH groups through a carbon bond, and m is
an integer of from 1 to 10.



the fatt
L
mbt al éa!f
conposition

acid, carboxylic acid, phosphorus acid, pheRral, or nixtures thereof. 48 A

acid contains from 10 to 22 carbon atoms. 46.

MJ y one of clains 34 to 45 also containing (G from
wei ght of at |east one neutral or basic alkaline earth |
0
of

at | east one acidic organic conpound. 47. A
claim 46 wherein the acidic organic conpound is a sul fur

oi |l conposition for internal combustion engi nes which conprises (A at

| east
| east

60% by weight of oil of lubricating viscosity, (B) at
2.5% by wgj ght ,of at | eaghmpB8i€2bROXYE C iV A0 Uherein

A

n

conposi tion produced hy react- ing_ggii%eats1east one substituted syccinic

acyl ating ageihe wiqarbexybic rdefi

omgogdtion edE€lup i% § &Mhan

one equi val entreatftie®qWr¥Eh eN{ECS ) aak| 2ehBY dfienamine cbhipoudid Torteaxi- one |

pol yam ne conpoun

d.,c ac
| east one H\< S AF R rone F <" FXBYPrt ut ed succinic acyl ating agent
conprises one or nore 4R2oupA-and succcomposgitipa WwoEr eiclaine 4ubdiex

groups are dere'hv
by an M val ue

4.5, said acylating agetd. bel cgmpomitier &fi auyi opg of Kéains deekfcé2v@LRi n
its structurgoﬁ&ﬁ%?ngverage of at' least 1.3 succinic groups for each

equi val ent wei ght
2% by wei ght of (F) wup

ubsti tuent - groups,
to

partial fatty acid ester of a polyhydric alcohol.

44. A éomposition of claim 43 wherein
the fatty acid ester is a partial fatty acid ester of
glycerol. - | |
45. A composition of either of claims 43 and 44 wherein
the fatty acid contains from 10 to 22 carbon
atoms. '

46. A composition of any one of claims 34 to 45 also
containing | .
(G) from 0.01 to 5% by weight of at
least one néutral or basic alkaline earth metal salt of
at least one acidic organic compound. ' _

47. A composition of <claim 46 wherein
the acidic organic compound is a sulfur acid, carboxylic

. acid} phosphorus acid, phenol, or mixtures thereof.

48. An o0il composition for internal combustion
engines which comprises

(A) at least 60% by weight of oil of |

lubricating viscosity,

(B) at least 2.5% by weight of at least
one carboxylic derivative composition produced by react-
ing (B-1) at least one substituted succinic acylating

" agent with (B-2) from 0.70 equivalent up to less

than one equivalent, per equi#alent of acylating agent,

R e T

eri zed by the presence within its structure of at

-

(C% from- 0.01 to ,
$ by weight of at least one \\J



at |least one basic sodiumsalt of an organic sul fonic acid having a netat

ratio of from 4 to - 30, (D) from Im ﬁ 2%
by wei ght of at |east one metal dihydrocarbyl dithi orJ m wumm#&m

terized by the formula [err] *(XRl) twheresn * err]
and [err] are- each independently hydrogf.?iron groups containing from3
to , 13 carbon atons and at |east one of the hydrocarbon groups is
att dehed to the oxygen atom through a secondary carbon atom Mis zinc or
copper, and n ig¥ agwu @asﬂgtﬁﬂe i’ﬁée@&ﬁpaﬂcma/l cﬂﬂgaé@rlﬁéﬁ%y the
0.1to 3% by wei ght of at Iea one neutral or basic alkaline“earth

metal salt of aPTESERCEndidhjmi oi"e‘irl#"oﬁr‘%t%?@fc%?b%ﬂ9ﬂ'-c°ﬁel HN< group

phosphorus aci d,wl'ﬂh@i(ii Qaid xtsﬁmimﬁ@@f succidig-adPlatifg agent

conposition of claim48 wherein the CcO i tion,contains h
396 by viel gnt  of SPRRFLSEP (Y PT (T8 | var | FEORRAART PUACHRSC Gp0ups,whezsin

conposi tion of d:ltdrersuﬁstilméwt 4 8g10ubdlO aer ederihedpﬁi-anrranpoa;gamkuhé

- I I
35 v0, 50 wher of Ao POLvaTRdE ; Heing “ FEEFESA-Pled BYTpR 0 ka1 B3
conpound (B-2) is ut113001ed:cper equi vl @otand anyMuangvaguatOCB- 1). 52
A conposition ofggny one of4c§a| dlgaé %\5} &éﬁthyﬂéﬂi réﬁkraﬂ'i:%'f'ﬁ%ed
e

[err] and [err in (D) are b att oxygeh atons throu
. secondary carbo®¥at &€ Presencaptkt Jrlbn ige an§tepeturecofi an 483F69§2°f
wherein the bagite Mwml saléudcﬁ)nié groups - 66t UeaEhdeguevalentPiverghed
by the nethod \¥1| ri,% s contacting at a
s groups, _
(c) from 0.01 ¢to | 2% by weight of
at least one basic sodium salt of an organic sulfonic
acid having a metal ratio of from 4 to 30,
' (D) from - 0.05 to 2% by weight of

at least one metal dihydrocarbyl dithiophosphate charac- -
terized.by the formula

ps%—n—m (XI)
Rzo

~ wherein 'Rl and R2 are each independently hydrocarbon
groups containing from 3 to 13 carbon atoms and at
least one of the hydrocarbon groups is attached to the
oxygen atom through a secondary carbon atom, M is zinc
or copper, and n is a number equal to the valence of M,
and

- (G) from 0.1 to 3% by weight of at

. least one neutral or basic alkaline earth metal salt of
at least one organic sulfonic acid, carboxylic acid,
phosphorus acid, phenol or mixtures thereof.



en the solidification tenperature of the reaction mnixture

’[ ﬂﬂ”wﬁ Hﬁtlon terrperature (G 1) at | east one acidic gaseous
|aI : I oXi

car bon di oxi de,

hydrogen sulflde sulfur di oxi de, and m xtures thereof, wth (C2) a

m xture conprising (C 2-a) at | east one oil-soluble sulfonic acid,..

or

derivative thereof susceptible to overbashrg. (C 2-b) at least one QY

sodi um or
al koxi des,
ti c al cohol

at | east

t her eof .

54.

one or nore basic compounds thereof selected from hydroxides,
hydrides, or amdes; (C2-c) . at |east one lower alipha:

sel ected frgyn . mogohydric abf PBQH.%:.B& diky de1idit ada:cmézseupr
at | east one al kyl phen “or sulfurized a

orfdhe oi9 %&W@%ﬁ%%x?F’PEa&BFd a&r legstti onal &% iREadigight

henol ; and -174- (C—

of\ the carﬁ&ﬁ@@ietaeﬁivativelebmpﬁazwheheum)the acidic

gaseous material (C 1) carbon dioxid osition.of ejth
clains 53 and 54 wherei Et he - §uF‘P”E?r?is&t%ﬁf’i 8}.?(%‘@e r;p faalms s %l erdlh

hydr ocar byl -

snﬁhﬁ|§¢E¥ﬁh£menebmpoanﬂfQBPQ)adsdanoalkwlehepbmmyammﬂéLnn

d)

~acid represented by Forg&” ae AI %on%‘o%e.%or{ %?pgﬂ;yt o}{%c}f [:ga[ fmk 48 to 50 wherein

(1% R -

[err]

are each

i ndependent | y £xromil i phat ic @u'bﬁp tOOnOaBﬁl ngquépalteot Of the g lyamiore
atoms, T s an.GHoudd C wdﬁpcaigonumksua pérl 8qRiv4TRAt Yt hdflating

agent (B-1).

52. A composition of any one of claims 48 to 51 whereln
hydrocarbyl groups Rl and Rz in (D) are both attach-
ed to the oxygen atoms through secondary carbon atoms.

53. A.composition of any one of claims 48 to 52 wherein
the basic sodium__salt (C) is an oil-soluble dispersion
prepared by the method which comprises contacting at a
temperature betwéen the solidification temperature of

'the reaction mixture and its decomposition temperature,

(C-1) at least one acidic gaseous material
selected from _ carbon dioxide,
hydrogen sulfide, Sulfur dioxide, and mixtures thereof,
with

(C-2) a mixture comprising

(C—2-a) at least one oil-soluble
sulfonic acid, or derivative thereof susceptible -to
overbésing;_: .
o (c-2-b) at least one of sodium, or
one or more basic compounds thereof selected from -
hydroxides, alkoxides, .hydrides, or
amides; '_ : . _ ,
| _ (C-2-c) at least one lower alipha-
tic alcohol selected from.monohydric alcohols or dihyd-
ric alcohols, or at least one alkyl phenol or sulfurized
alkyl phenol; and

o/

w4 o €



and r and y are-nunbers of 1 to 2. 56. A conposition of any oneof—etai-ras

53 to 55 wherein the basic salt (C has a netal ratl 6
to-30: 57. A conposition according to any one of cl ai ’ﬂmtjﬂmm"m ﬂ!t
conponent (C-2-d) is at |east one hydrocarbon- substit'uted sucrki

or functional derivative there- of and the reactlon tenperature is in the

ran e of [err]. 58. ‘A conposition according 174- any one of clainms 53 to 57

in conmponent (G2-a) is an alkylated benzenesul fon- ic acid 59. A

conp05|tion according to any one of o5 rein one
(C-2-c) is at least one of nethano‘é gfazno ak gﬁﬁﬁg °nSut8 F5°
pentanol and corqaxboryXiz 2acid os ﬁﬁnbbﬁchabndenivahiyhuth&xbo&Ucc|n|c

acid and pol ybutenyl suc i ¢ anhydri de yb
group conprises prlnC|§%? sobutenegﬁﬁ é@g%gﬁ §k gkﬁgﬁeéﬁeg#££%1n
700 and 1Gle@cisiic qas¢qm5|ma¢¢ngab|chbhpbqucavhonodipuﬁéenal

combustion engi nes which §5)npA ?%??osg.@ 3k éﬁﬁ‘l@} of clam@og/g ba\ﬁdv‘ﬁ %Er@if

oil of lub ricating viscosity,

carb%x- ylic ddheatswifernigoaeidn ﬁ?e%a?édiﬁyathﬁd596%€ ¥1céﬁbsﬁﬂﬁﬂﬁﬁ§_

rreacting (B-1) @:&ﬁ&wéobsﬁmwbsatw; edoi’UCanCaM?haEh.é 8h1FBANY addd
wherein the poI y| sobut er{}'eeg}y stitu 1500 to

a
2400 and an Fommy ae I “ang’ gvtﬁesl’ec{:“&ly with (B-2)
from - 0.75 to 0.95 equival ent, per equival ent of

sugcjnic acid or anhydrlde, of aIR;-_§{SO3H)§- ;; (IX)
R'-(SO3H), (xX)

wherein R and R' are each independently an aliphatic
group containing up to 60 carbon atoms, T is an
aromatic hydrocarbon nucleus, x is a number of 1 to 3,
and r and y are numbers of 1 to 2.

56. A composition of any one of élaims 53 to 55 wherein
the basic salt (C) has a metal ratio of from 6 to
30.

57. A composition according to any one of claims 53 to 56
wherein component (C-2-d) is at least one hydrocarbon-
substituted succinic acid or functional derivative there-
of and the reaction temperature is in the range of
25-200°C. _

58. A compoéition according to any one of claims 53 to 57
wherein component (C-2-a) is an 51kylated benzenesulfon-
ic acid. |
S 59. A composition according to any one of claims 53 to 58
- o wherein component (C-2-c) is at least one of methanol,
) ethanol, propanol, 'butanol and pentanol and component

(C-2-d) is at least one of polybutenyl succinic acid and
polybutenyl succinic anhydride wherein the polybutenyl



“\a\ml“ | yanine having up to ' 11 anino groups, said

one

\t \ﬁ\ nic acid or anhydri de being further characterized by
esencé bf an average of from 1.3to 2.5 succinic

groups for each equival ent wei ght of polyisobutene groups, (C from

0.05 to . 2% by wei ght of an overbased sodium alkyl benzene :
sul fonate having a netal rati-o of from_ _ 41to 30, (D) frgp
0.05 to 2% by weight of at |east '6ne zinc or copper

di hydrocar byl dithiophos- phate wherein the hydrocarbyl groups contain

from3 to gEoup 1%0&8&9@@% 32%?1 égﬁﬁ{ OQ.%UB({(: dé"l%fx@% eaﬁ&tfi‘&EeQn to

the oxygen hr ough secon atoms rom
to S%Wvﬁ%eﬁf at | ed90 3a@% Dbasi d0/HA4Qd ine earth netal salt

of g-t | east bone aci di g|60(2r gani Q.url]ﬁﬁm d aial Z?dn?bsilﬁﬁﬁ Sﬁ&ﬁ%&hﬁ%ﬁna‘l A
acids, carbo cids r.us aci S an enol s. - - :
conposi tion of‘}IM%‘ cﬁﬁ‘ﬁgflﬁsﬁ ?‘&tc?\ sd 2.5%o0f (B). 62. A
corrp05|t|on of either. ofa9l aimts leismd 61 V\/f&ﬂ%elby tweighett loyf el ¢pl ¥ 'n"’
in (B-2) e am ne. A conposition of any one o
clainms 60 to gﬁﬁ’f%# Oﬁﬁg?’ﬁ‘ THe sucm n| c acid or. anhydride is reacted
with 0.80 to 0.90 equi véBant atf Jdeashri ne per2.Qfuibmiweightt ofial carbox- <
anhydri de. ﬁ&o :Ei(r?%?.v@f o1t %n G rgmfa) By" é?ev@s igs%m-

a di spersi on fare he procesSs of rea for
time suffici @8 Q:@igorﬁegmging (B-1) a polylsobutene-substltu ed suc-

cinic acid or anhydride wherein the polyisobutene sub-

stituent has an Mn of from 1500 to 2400 and

an Mw/Mn value of from 2.0 to 4.5, with

(B-2) from - 0 75 to. _ 0.95 equivalent, per .
' equ:.valent of succinic acid or anhydride, of at least

one alkylene polyamine having up to 11 amino

groups, said substituted succinic ~acid or anhydride
being  further characterized by the presence of an

average of from | 1.3 to 2.5 succinic groups
for each equivalent weight of polyisobutene groups,
(C) from 0.05 ¢to 2% by weight of
an overbased sodium' alkylben:zene sulfonate having a U
metal ratio of from 4 to 30, _
| (D) from 0.05 to 2% by weight of

at least 'one'_zinc or copper dihydrocarbyl dithiophos-
phate wherein the hydrocarbyl groups contain from
3 to . 13 carbons and the hydrocarbyl groups are
attached to the oxygen atoms through secondary carbon
atoms, and

(G) from 0.1 to 3% by weight of at
least one basic alkallne earth metal salt of at least
one acidic organlc compound selected from
sulfonic acids, - carboxyllc acids, phos-
phorus acids and phenols.
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di spersion, (C1) carbon dioxide with (C2) a mxture =2- at
| east one oil-soluble alkylated benzenesulfonic acid or a derivative

t her eof susceptible to overbasing, (C 2-b) sodi um hy g ﬂ ﬂ ﬂ a
monohydric al cohol, an alkyl phenol, or a sulfuri zed(P ﬂ_L mtﬂm”f I’
(G 2-d) at | east one oil-soluble poly?ﬁ%enyl-substituted Sucéintc

y

acid or its anhydride wherein the pol ybuten Substituent has an. M\h val ue
of 0- 5000, the ratios of equi val ents of conpon- ents (C 2) being:

(G 2-b)/(C2-a) between 6:1 and_30:1 = 2-C)L(Cs2-.a bet ween .
2:1 and 50:1 (C-2-d)/(C 2%y  bétween °°mP°5£§?9“ah5 E?TGW)5° Eprtalning,
conposi ti on of aaty eamstf clain2.5% 66 6B)wherein (D) is at |east one

zi nc di hydrocarbyl dithi %OSpﬂaE&nﬁQﬂ%Fﬁimofr@t'ﬁ)éflr&céiﬁﬂs 86 QHRS6RhBerein
derived froma mx- ture- ot isoprop al cohol and a secondary al coho

con- taining ‘the @alitvylenearpolvamine. 8. ABcddpodst pBneshydepeopolyr
clains 60 to 65 i n (G conprises a mxture of basic alkaline earth .

metal salts of organic sulfonic acids apd carboxylic .acjds. : .
conposgi ti on of any one of634 ai s CRPPASILEY Qgs?flycéﬁ"t Sinf msf&grﬁo%z'merem in

0.05 to 0.5% ¢B) VEh@htsuééific acid or anhydride is reacted with 0.80
: _ ~ to 0.90 equivalent of polyamine per equivalent of acid

L ~ or anhydride. | N
N " 64. A composition of any one of claims 60 to-63 wherein
(C) is a dispersioh prepared by the process of reacting
at 25-200°C for a time sufficient to form the
dispersion, | _

(C-1) carbon dioxide with

(C-2) a mixture of

(C-2-a) at least one oil-soluble
alkylated benzenesulfonic acid or a derivative thereof
susceptible to overbasing,

(C-2-b) sodium hydroxide,

(C-2-c) a monohydric alcohol, an
alkyl phenol, or a sulfurized alkyl phenol,

(C-2-4) at least one oil-soluble
polybutenyl-substituted succinic acid or its anhydride
wherein the polybutenyl substituent has an Mn value of
700-5000,

the ratios of equivalents of compon-
ents (C-2) being:

{(C-2-b)/(C-2-a) between 6:1 and
S 30:1
s (C-2-c)/(C-2-a) Dbetween 2:1 and
) 50:1

(c-2-d)/(€-2-a) between 1:2 and

1l:10.



m xture of glycerol nonool eate and gl ycerol dioleate. 68. A conposition of

\\m \mﬂllﬁﬂllﬂiﬂmf 0 perf of Mance T eqULr emEnt S of API Servi ce l wsel {1 CALi o
77— | -’

65. A ¢omp6sition 'of any one of claims 60 to 64 wherein
(D) is at least one zinc dihydrocarbyl dithiophosphate
wherein the 'hy&r6carbyl groups are derived from a mix-
ture of isopropyl alcohol and a secondary alcohol con-
taining 6 to 10 carbon atoms. |
' 66. A composition of any one of cla:Lms 60 to 65 wherein
(G) comprises a mixture of basic alkal;ne earth metal ¢
salts of organic sulfonic acids and carboxylic acids. U

67. A composition of any one of claims 60 to 66 also - "
bontaining from 0.05 to 0.5% by weight of a
mixture of glycerol monooleate and glycerol dioleate.

68. A compos:.tlon of any one of claims 60 to 67 containing
sufficient amounts of (B), (C), (D) and (G) to pass the

performance vrequirements of API Service Classification
SG.
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