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FUSED-RING AROMATIC AMINE BASED WEAR 5 AND OXIDATION
INHIBITORS FOR LUBRICANTS FIELD OF THE INVENTION This
invention is related to a multifunctional additive which can serve as an
oxidation 10 inhibitor and/or an anti-wear agent and/or a soot dispersing
agent when used in a lubricating oil composition. BACKGROUND OF
THE INVENTION 15 Reaction products of amines and various carboxylic
acylating agents are known. These derivatives are useful as lubricating oil
additives, particularly as dispersing agents. Common._dispersing agents

typically do y}g@@ I I 'gl?n Eﬁgg{) thus,
usually are r?t%tsr%f?érre to %ﬁ%ﬁrﬁgiﬁ%% I %gs. I%%ggent years,
the need fokNgH (CEDXAIBOIS ASNFIMINORE WEAR B BA (SN in the
use of new catalyst technology. This new technology is sensitive to
additive elements present in conventional lubricants, such as sulfur and
phosphorus. These elditidnts @i TypiciNypiNddaNue to the use of
conventional wear and oxidation inhibitors. The metal surfaces of
machinery or engines operating under heavy loads 25 wherein metal
Thlidegcagainst roletad toaymmidérgotionebediit wedrdr corssionsGftencidagon
BliGRRRE e ke PlseLibe melRk sl dataromis.RAeh such fisavy
loads and as a result, do hot prevent wear at the points of metal to metal
lubseaiers @orsepRiHeR, the performance of the machine or engine will
suffer, and in aggravated cases the machine or engine may become
completely inoperative. 30 Therefore, a need exists for low or non sulfur or
phosphorus contalhifglshiR PR Y BHE NI IOParticular need is
for the preparation and identification of multifunctional additives, such as
additives that combine wear, oxidation, and dispersancy. 1 U.S. Pat. No.

Repgtiongusdyids|eaiangs B 38R Eoraiesirion aotrbngmgdaliead®osmd a

me@}@lﬁamegmmr%ﬂMﬁ%Bi@aa%ﬁﬁi%@scr}ﬁm&maﬁsﬂa@mspersi_ng

heteropolymer produced by reacting an olefin with maleic anhydride in
AgpiEsH e dispere@g a8y typically do notprovide an anti-wear or anti-

oxidant benefit and thus, usually are not referred to as multifunctional additives.

In recent years, the need for reduced emissions from motor vehicles has resulted in
the use of new cataiyét technology. This new technology is sensitive to additive
elements present in conventional lubricants, such as sulfur and phosphorus. These
elements are typically present due to the use of conventional wear and oxidation
mhibitors. The metal surfaces of machinery or engines operating under heavy loads
wherem metal slides against metal may undergo excessive wear or corrosion. Often
the lubricants used to protect the metal surfaces deteriorate under such heavy loads
and as a result, do not prevent wear at the points of metal to metal contact.
Consequently, the performance of the machine or engine will suffer, and in

aggravated cases the machine or engine may become completely imoperative.

Therefore, a need exists for low or non sulfur or phosphorus containing anti-wear and
anti-oxidants. A particular need is for the preparation and wdentification of
multifunctional additives, such as additives that combine wear, oxidation, and

dispersancy.
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5 initiator with (2) a primary arylamine. U.S. Pat. No. 4,522,736 discloses
a reaction product formed by reacting an alkenyl suecinic acid or
anhydride with first a diaromatic amine and then an alkanol amine.
Likewise, U.S. Pat. No. 4,895,549 discloses a reaction product prepared
by reacting 10 an alkenyl succinic compound with an arylamine and a
hindered alcohol. U.S. Pat. No. 5,112,507 discloses a copolymer of an

u | tant and molecular.yweight alkylvi dene
pib R C R e g e A
£ophlimide ;&@ﬁxhubdﬁamrhﬂntmgttﬁgdhﬂo@mtmmnemnthef 1D alktiriloasigimer

Ieagta ut on% branch rtw car n ther%ggr';rc'egf 1Pe dical
915 Ifg& oses e Use O carboxflf ¢ acid acy afing agensw |cah

mlaaiermemf(lfb)m polyatkendssimeh as polybutenes and a dibasic

carboxylic reactant such as maleic or fumaric acid. The acylating agents

are further characterized by the 20 presence, within their structure, of at

@&%B@@Oﬂ@ﬁéﬁ@d&kﬂomﬂ dibasim parbotykicmeddtpmedcigaeh atkenyl
equivalent e Ik 2ne,. The acylatin agents are then further

S A T e A IR R T g

h&mﬁcaﬁt%&thtl\?é@ A1388, ﬁﬂ%ﬁmeﬂla‘ies tedbesupjedtetiepost! by reacting

?Eg&gg&%@& 5"”&%8 SISt SASMICR OmRg B%%%éa%’ee?'amc%oﬁ\‘o

ISCloSses a |sperS|ng agent made y reacting amlnoguanldlne

- with a hydrocarbyl-substituted succinic acid or anhydride in a mole ratio

?g §9,200u8 - %@0@98&81&3& pRY %&QF&%’I&%H&E&%@%@%&?@J&% and a

e succinic acid compound. -2 SUMMARY OF THE INVENTIO
mmmé@maémb@btmﬁmglhehémw%O@ﬁmhﬁummﬁaﬂfmtmemhﬂthfmbon

be aRloyerhinluRcAing &l#;%@%?%f V513 & AIRRGISING 298 T ARnerein the

anti-oxidant agent and a(sulfur and phosphorous free) wear inhibiting
atpéit iFhet hsastinheatonabpradupeintey babpreparesdgnhteadietion of an
alkyl or alkenyl succinic acid derivative with a fused- ring aromatic
diamine, with a charge mole ratio of the diamine moiety greater than

StotcRisnmérit, 2B rdaelpvesdbaditioriscrs ipsyBb psiib i danngingaetionhich
WRrieatd from polyalkenes such as polybutenes and a dibasic carboxylic reactant

such as maleic or fumaric acid. The acylating agents are further characterized by the
presence, within their structure, of at least 1.3 groups derived from a dibasic

carboxylic reactant for each equivalent weight of the polyalkene. The acylating agents

~ are then further reacted with polyamines or polyols to produce derivatives that are

useful as lubricant additives or as intermediates to be subjected to post treatment with

various other chemical compounds.

U.S. Pat. No. 5,454,962 discloses a dispersing agent made by reacting
aminoguanidine with a hydrocarbyl-substituted succinic acid or anhydride in a mole
ratio of from about 0.4 to about 1.2 moles of the aminoguanidine per mole of the

suceinic acld compound.



additive. In a first aspect of the present invention, there is provided a

composition is prepared by reacting a mixture under reactive conditions

wherein the mixture comprises (a) an alkyl or allcenylsuccinic acid

derivative, wherein the alkyl or allcenyl substituent has an average

molecular weight of SOMAEARY )00 ENDIENGIEAMMNO naphthyl

compound of the formula | RIHN NHR2 1l Rs Formula | wherein R; and

R2 are independently selected from the group consisting of hydrogen and

CL-10 alkyl; and R3 is hydrogen, hydroxyl, C1_6 alley or CI-6 allcoxy; and
DigbRyeid 1therbodameatio lef ¢a) toa(bjuli frotiabaluidiiti beto/ahbuti Be The

multifu ctl?‘&al rodéjct1 ro ucgg above, can.be add d to arho(ﬂx1 ant acent and
STAEELTy WIEEEERY R AUt Sa%%fﬁfﬁr%ﬂt%’lrﬁénd‘eaélserwce Thess
alsbleadinipleentpasitidns) typicatly gantaige omhabout: ki tal Ot 6 angl be

more preferably from aboutl [? %Wt 0 of the. multl L:STcnonaI product, .

G ORTREtHRE Vet Y TR SHPSSTHORAISE (ISHoSEd Rargin are

ritubsicating: Qﬁmaﬂﬁr&t&ﬁ@rnnﬂaﬁoﬁslamlfoﬂmﬂiammm catifrgyoikeater than
com{)osmons cqntainin the ultlfu cti Ier lfg'[ as eIJ as.oth el cant
R Ntk Fs%"ersan S, oteotergen STt \Wear Agente antioxi Gs
a@tgiAmong other factors, embodiments disclosed herein are based upon

the discovery that certain compounds produced by reacting a alkyl or

Al ey siea bl Aekkdetvalielih Acugiagliabroess of a diamino

naphthyl compound under reactive conditions leads to a multifunctional

2 FRBRASH HRAL s BISBRIF I BRACKED&RREAT S AMSKIFRREY and In a second
coRgRRAQl the-presentinventionythere is rayided atubrcating compgsition

comprising: ) an oil of lubricating viscosity, and 2) a multifunctional
degradE: pressared by iRd BF@@@@@’%WE%&%@ fay 8R aiRyLET EIREGVISUEGHER!
of%%ci@r@%tls/@ow%{@m%%uﬂ@ﬁw@%&%ﬁlﬁs AR.AVErage

molecular weight of from 450 to 5,000; and

NHRE

i)

wherein R, and R; are independently selected from the group consisting of hydrogen

Formula !

and Cy.1p alkyl; and Rs 1s hydrogen, hydroxyl, C,galky or C,¢ alkoxy; and wherein

the molar ratio of {(a) to (b) is from about 1:1.5 to about 1.3.

The multifunctional product produced above, can be added to an oil of lubricating
viscosity in an effective amount, for its intended service. These lubricating
comipositions typically contain from about 0.01 to 10 wt % and more preferably from
about 0.5 to 5 wt% of the multifunctional product, based upon the total weight of the
composition. Also disclosed herein are lubricating

concenirate formulations and formulated tubricating oil compositions containing the
multifunctional product as well as other additives such as dispersants, detergents, anti-

wear agents, antioxidants, eic.

f
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(b) a diamino naphthyl compound of the formula R1HN NHR2 Imo. ~, R3
wherein Ri and R2 are independently selected from the group consisting
of hydrogen and C;-to alkyl; and R3 is hydrogen, hydroxyl, CI-6 alkyl or
C}.6 alkoxy; and wherein the molar ratio of (a) to (b) is from about 1:1.5 to
about 1:3. -4 DETAILED DESCRIPTION OF THE INVENTION
AnQE T IONS 19, fs;used herein. e following terms haye 1R JOIoWRG erain
m%anmgs, tniess expressﬁy stated to the contrary. The term M. réfers to
contheumdmper avet &y saoisgualvéightbeaypelyrierc 251 Herteatnv | plgfin"
refers . to_a monos itute fin.that has the double bond.in the
s D O i e
a msitithnreon@hp2edOEiRpvhars Rl is thewdstatitvecatefimioolboute aifhe
term "Total Base Number" or "TBN" refers to the amount of base
equivalent to 20 milligrams of KOH in | gram of sample. Thus, higher TBN
numbers reflect more alkaline products and therefore a greater alkalinity
In a EBSQIY@spbOTBNR 85 a | JTest.No. s o
D2896 opr any otﬁlgr equiv{av:g{rﬁ(}%r({)ﬁggc%cr@) ?&%H:ggr]n@%%%% egrimt!c})Ion comprisiig:
Saponification Number, which is reported in milligrams of 25 KOH per
gram-of sar%r?ple, and ?sbﬁ%éggﬁ?&%?”ﬁ?@%ﬁ{ of acid groups in a gram
of sample. SAP can be determined by the procedure described in ASTM
D94 or any, otheraeqblli,valent rocedure. The term "TAN" refers to Total
Acid Number, which Terere {8 B0 torRiel 3ty st iRmaksse el reacting
milligrams of KOH in | gram of sample. TAN can be determined by the
procedure descriE din Asg{%’f 664 or any other equivalent procedure.
4a The "succinic ‘agtio" J-etedinhabr sy csns ekl dratatly eardoracin the

-accordance alicyl or alkenyl substituent has an average molecular

weight of from 450 to 5,000; and -
() a diamino napbtbyl compound of the formula

NHR,

wherein R; and R, are independently selected from the group
consisting of hydrogen and Ci.yp alkyl; and R; is hydrogen, hydroxyl,
Cig alioyl or Cis alkoxy; and

wherein the molar ratio of (2) to (b) is from about 1:1.5 to about 1:3.
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with the procedure and mathematical equation set forth in columns 5 and
6 of U.S. Pat. No. 5,334,321, hereby incorporated by reference. The
calculation is asserted to represent the average number of succinic
groups in an alkenyl or alkylsuccinic 5 anhydride per alkenyl or alkyl chain.
SYNTHESIS The multifunctional compounds of the present invention can
be prepared by contacting (a) an alkenyl or alkylsuccinic acid derivative
with a substantial 10 stoichiometric excess of (b) a diamino naphthyl
compound of FFhalLE Ik Ates GRABTVE GO AU THHEMNT I
multifunctional compounds produced are mixtures of products, which if
desired could separated into the individual products by known separation
RBRBGLESNGS Typically, the above process is conducted by contacting an
I INIG..AG] Iyati ' about 1.5 to about 3.0
T o Bt R b
paied ardapoitare mole alkenyl or alkyl succinic acid derivative to about
1.7 to 2.5 mole diamino naphthyl compound, with ratios of about 1:2
being particularly preferred. In conducting this reaction, we have 20
GenévanyMotmerittedho amaherd Testesdudepep sre gheadl ke oer.
alkylsuccinic acid derivative and optionally any unsaturated acidic reagent
copolymer together and then add the diaminonaphthyl moeity. It may be

dbsiteBle tokdidueltrelvcaErar sHbaH Mirsro lfatiedulvém drwiladnnd in the
Qptimum elverts wilbvyrxamith s partielar, copolumer And 6an BE: coure:

determined from literature sources or routiné experimentations, 25 for
ekbrpiE nebersl billa e iistfdBot et aderaiomatic solvents are

acceptable solvents. Typically, the reaction is conducted at temperatures
in the ragge of about from 60 C to 180 C, preferably 110 C to about 150
Blf‘ofﬁ_ﬁﬁo_ PHORAPEG LORGUr $1 prefeYaBjerRoths emmurso fiyiealiy thlent to
feackiamis,senducied at-abeut AUPRSARGHCRIASSHENNRWRYEL. Digher ot

lower pressures can also be use depending on the reaction temperature

dislernapdraie Bk Eostotirr ek ine ciesoNe Nthes R te f ashiopl¢scan
beesentin e systamorgener ated dy dhis RGPy IS RIS b dure.

The term "SAP" refers to Saponification Number, which is reported in milligrams of
KOH per gram of sample, and is a measure of the amount of acid groups in a gram of
sample. SAP can be determined by the procedure described in ASTM D94 or any

other equivalent procedure.
The term "TAN" refers to Total Acid Number, which refers to the amount of acid

equivalent to milligrams of KOH in I gram of sample. TAN can be deteriined by the
procedure described in ASTM D 664 or any other equivalent procedure.
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removed from the reaction system during the course of the reaction via
azeotroping or distillation. After reaction completion, the system can be
stripped at elevated temperatures (typically 100 C to 250 C) and reduced
pressures to remove any 5 volatile components which may be present in
the product. THE ALKENYL OR ALKYLSUCCINIC ACID DERIVATIVES

Alkenylsubstinied suctinin anky diides haveb een e d.As dirRe s altSrdance

Such alkenyl substituted succinic anhydrides have been prepared by two

Bt scdsse and mathsarhiar braradan retdirdl o todvasa aahg of U.S.

GRRINSINY, (SES B HerdbPmBalp NRte B3 Bk antha SAIQINAIER RIOSESS 1o
(see, e.g., U.S. Pat. No. 3,172,892). The polyisobutenyl succinic

RS R eSS ERe) DS RECR LS R terhR ke A s Blgfsuccinic

GharrEias ped A Gontain® deuhlg bond in the product. The chlorination
process PIBSA's have been characterized as monomers containing either -

a double bond, a 15 ring, other than a succinic anhydride ring and/or
choumEisiRe product. See J. Weill and B. Sillion, "Reaction of
Chlorinated Polyisobutene with Maleic Anhydride:Mechanism Catalysis

b\'® AFRERLARMRINEES H & BrERe A IMYFRIOE FARGE S rBle,

\oht4&ti¥Qal appIkéASOLIARYROLITER ialdd PRI SHER LaipRasitions
include one-to-one mozl meric adducts (see, e.g., U.S. Pat. Nos. 20

SO EERTHSELES 5 AV ENPEU AR R KL R RY R b epder
substiteenisliadasictedpan ptdeast LiBisuasinic GiapPsRe HRAIMBMEA mixtures

derived substituent (see, e.g., U.S. Pat. No, 4,234,435 to Meinhardt).
A 4 R O T EBRHGF 5 eki LA PPN e
asplessdispeisfyis, including succinimides, succinates, succinate esters,

and triazoles. In the formation of succinimides, the 25 PIBSA is reacted
with a polyamine to form a structurally complex mixture which can contain

iMjgésadinide; ibvidapotiossaizd chdmitd gratpsadithapiapatieneiatuccinic

alkenyl succinic acid deriyative, a polyalkene is reacted with a .
o N R AP R R P cimine
diephtio{eyliopaciold. 3Drafelied antiydritie and/dreesiete (prdéeribls el
(Saa the.carbg

T N e T
pattosfthebmoro2uinsagyration] dkepapiarydn dn oundattinateds carbityli®e have
"EARIANNS MGIPAIR S5 RIS AFS SRS RS MAIPLS BANYANE:  acia
derivative and optionally any unsaturated acidic reagent copolymer together and then
add the diaminonaphthyl moeity. It may be desirable to conduct the reaction in an
inert organic solvent or diluent. Optimum solvents will vary with the particular
copolymer and can be determined from literature sources or routine experimentations,
for example, neutral oil and mixtures of Co to Cy; aromatic solvents are acceptable

‘solvents.

| Typically, the reaction is conducted at temperatures in the range of about from 60° C

to 180° C, preferably 116° C to about 150° C for about from 1 to 10 hours, preferably
4 to 6 hours. Typically, the reaction is conducted at about atmospheric pressure;
however, higher or lower pressures can also be used depending on the reaction

temperature desired and the boiling point of the reactants or solvent.
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-6 lower alkyl (e.g. Cl to C6 alkyl) acid esters of the foregoing; e.g. methyl
maleate, ethyl fumarate, etc., electron-deficient olefins such as

monophenyl maleic anhydride; monomethyl, dimethyl, monochloro,
monobromo, monofluoro, dichloro and difluoro maleic anhydride,

N-phenyl maleimide and other substituted maleimides; 5 isomaleimides;
wRarie A imaleic acid, Ak ydiogen malaaresiapd umarats s dialyl
fumarates ar,lél'%maleqtes, fu aroni_lic?%ciés and'ma ea%ic géll’ s_;gan§ i
erasEsititen ddreapiaronisie Parienibay prefe et arssstiratad amsidicoping or
aergentrelers i malricarimaricreastants. 40,01 ihe aengraliopmyla:
CH=CH- Cj wherein X and ﬁ are the same or different, provided that at

enseehE of (akdibe 18% G sogtedpthandredpris @useestingao esary

alealels, ig1on amidesPRaT e, sl with, Asgageja or amines, form

metal salts with reactive métals or basically reacting metal compounds

~ and otherwise function as acylating agents. Typically, X and/or X' is -OH,

TrRysrgearbyt, GV Whars - CIRAreSRNS Plaquvaient of a metal,

ammonium or amine cation, -NH2, -CI, -Br, and taken together X and X'
Llrepd-bgblasd syerini andodnisy diaee bprrafeted s Hsargartaraushaikenyl
éﬂ@&ﬁ@%@%&%%ﬂm@egﬁmgéﬁ%%ea %%fhfﬁ%@ﬁdc%s&@%

carboxyl functions of the succinic group (i.e. bol - C(O)X and -C(O)X")
s or Rt -deirEtd i batip RS . s eheminydrigessee- pdriicBRriro.

Prefered unsaturaiad.aeidicseactant, 25 Thegnsatuegted asidyeagept is

reacted with a pol.yalkene under suitable conditions so that the

RABHERIS sy sheriEr arlyAdAs B Aiberedisedpaitirdhemal Bersatdes

15adh Hadc(ERe-aoly dsenlTasifie CRRDE AR YNREOT RSIRBIE YRS OIS
or it can be a copolymer of two or more types of olefins. Preferably, the

DI A S 581 BRSH e ZHa SBPE PRsTE SR B8 5188 i dpRDIpthend, a

helyatenahas aoumbenBiaNe agemolacmMeiBhhe MR #8011
to about 5,000, preferably about 450 to about 2,500, more preferably

BkFeaH K0 1846000 810t UM isddrr ispb Hrar 3l m about 550
AnehtidcMOthaAR eI By D Malesularovaiahi s dERLKSAP Bstitut

Francais du Petrole, Vol. 40, No. 1, pp. 7789 (January-February, 1985). Such

compositions include one-to-one monomeric adducts (see, e.g., U.S. Pat. Nos,
3,219,660; 3,381,022) as well as adducts having polyalkenyl derived substituents
adducted with at least 1.3 succinic groups per polyalkenyl derived substituent (see,
e.g., U.S. Pat. No. 4,234,435 to Meinhardt). PIBSA serves as a ubiquitous precursor
to several commercial crankcase ashless dispersants, including succinimides,
succinates, succinate esters, and triazoles. In the formation of succinimides, the
PIBSA is_reacted with a polyamine to form a structurally complex mixture which can

contam imide, amide, imidazoline and diamide groups.

In the preparation of an alkenyl succinic acid derivative, a polyalkene is reacted with
an unsaturated acidic reagent which is a monounsaturated C, to Cig dicarboxcylic acid
and/or anhydride and/or ester, (preferable wherein (a) the carboxyl groups are vicinyl
i.e. located on adjacent carbon atoms and (b) at least on and preferably both of the
adjacent carbon atom are part of the mono unsaturation. Exemplary monounsaturated
carboxylic reactants are fumaric acid, itaconic acid, maleic acid, maleic anhydride,

-6 -



10

15

20

25

30

generally expressed in terms of the molecular weight of the polyalkenyl
moiety as the precise molecular weight range of the dispersant of the
present invention depends on numerous parameters including the type of
polymer used to derive the dispersant, the 5 number of functional groups,
and the type of nucleophilic group employed. Preferably, the mole ratio of

umsfaﬁun&geq%@iwptfe@gaaptaa@%i@@sﬂ&l@r@f@gab%f o a&. %ea@tﬂg}nnM@a%,
prefer , that mole ratio is from 1:1 tg 4:1. Preferably, the feed time of
B P SR TRB B 274 T S CRD BRRIGB by dride:
iaaatioritiyiedetdoihingtoehdaly akenybdetyativadsiies) &dpiérhanisdiioro
Suitable polyolefi lymers far reaction with maleic anhydride.and other
B VRO FRMGHE b i LB G Er Aot of
G2dnleimidendoladif; 2id, retheitendd pitpylen@obutyleresisoahdtiieneates,

n tene. The polymers can be hpmopolymers, such as.
R R T S e
sudhcastapalyhfensofogthiylene and propylene, butylene, and
isobutylene, etc. Other copolymers include those in which a minor
amount of the copolymer monomers (e.g., 1 to 20 mole percent), is a C4
BaBuiery pojligatd diiatafdagidm reapaliamefeof isomitytemefandric reactants
bgiggieg%glli ?}Ienrﬁ%lymer of ethylene, propylene and 1,4-hexadiene, etc.
5 rticu aﬁy preferred class of olefin polymers for reaction with maleic
anhydride comprises the polybutenes, which are prepared by
polymerization of one or morgof 1-butene, 2-buteng and isobutene.
Especially desirable are polyb¥{enes containing a AZubstantial proportion
of units derived from isobutene. J-he-polybtitere-way contain 25 minor
amounts of butadiene, which rp/ay or may not be incarporated in the
polymer. These polybutenesXare readily available commercial materials

well known to those skilled in the art. Examples of procedures illustrating
the preparation of such material_ can be found, for example, in U.S. Pat.

KBerein Xt smb¥ arode sane oA et mravidubhanabioastencpiX and X' is a
4:60p BABishermbkincrRenaiad ydeferanan for thair30 disclesHigs Qhits with

suitable polybutenes. Other suitable hydrocarbons or polymers employed
ARG SLRIBIRES® m%@ﬁ@l}%\mth reactive metals or basically reacting metal

compounds and otherwise function as acylating agents. Typically, X and/or X' is -OH,
-O-hydrocarbyl, -OM" where M represents one equivalent of a metal, ammonium or
amine cation, -NH,, -Cl, -Br, and taken together X and X' can be ~O- so as to form an
anhydride. Preferably, X and X' are such that both carboxylic functions can enter into
acylation reactions i.e. both carboxyl functions of the succinic group (i.e. both —
C(O)3X and -C(0)X’} can enter into acylation reactions. Maleic anhydride is a

particularly preferred unsaturated acidic reactant.

The unsaturated acid reagent 1s reacted with a polyalkene under suitable conditions so
that the monounsaturation of the monounsaturated carboxyclic reactant becomes
saturated. The poi‘}alkenyi moiety caﬁ be a polymer of a single type olefin or it can
be a copolymer of two or more types of olefins. Preferably, the polyalkene is
polybutene, and more preferably a polyisobutene. The polyalkene has a number
average molecular weight of from about 450 to about 5,000, preferably about 450 to

about 2,500, more preferably between 500 to about 2,300 and even more preferably
-7 -
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of the present invention include homopolymers, interpolymers or lower
molecular 8 weight hydrocarbons. One family of such polymers comprise
polymers of ethylene and/or at least one C3 to C28 alpha-olefin having

the formula 1-1I2C=CHRa wherein Ra is straight or branched chain alkyl
radical comprising 1 to 26 carbon atoms and wherein the polymer
f@@ﬁtakm@icﬁsb@@ dsueanhprounsaiation: nrefemblycalhighetag l’@[eaniEpersant is

terminal ethenylidene unsaturation, Pr ferab pol ris

SRETEIR, BTE 5T R A S B A PP S AUty s the
faddlmoMearainBRgls adhgla@‘f frientidptos i @ﬂh@@x&ts@ﬁtﬁnaﬂdxmoﬂependq on
I‘;t)referable%_r alktyl offrPrg 8carbo Eroms an fg %l n‘? F}/Stl” tOfti
PO YRS REMESH AISHS EHBrHEE° u%% PSP RS oA RSB ERE" the
mnmmneﬁiﬁmumM@ofxprsmaimMypéaﬂ‘ylenbpbhiEmgr&uﬂnexmiey&d:LO
]%eg %nere{;[gly P%ﬂ}eor}:ﬁméa ur tf@eagid%oiea}gg e%%il}{éd_kfne 1s preferably at

ecene-1., pentadecene-
mmtademeph:fembljeﬁmendlﬁ mamadeftenel 11 andl Initxtticed theteofeed time

S8 8 s L tepYIene g utsperd, ea e IKE) SxSARN. Ol e

ymers are propy omopolymers Utehe!
c@ﬂ[“q;lmm% mmpgdm&mpdhrmmﬁemyma-mmdtmacopolymers
propylene-butene copolymers 15 and the like, wherein the polymer
contains at least some terminal and/or internal unsaturation. Preferred

tbdtyb’rewamafnsmww ﬁup@mmmmwmmdﬁpmmmeamme
ylene and b |nt of this inv ontain
acxla (ienva vES 1 %ﬂ% go e ?% EC,E O]%g 1aénn x?rﬂ W@l g dr%l?gl% Peﬁn

minor amount, e mo conjuga n

- cpahpeie:. nflnmyé:vm htlislmeimebiitﬁmﬁmglﬁmm dhthiw Ipvemsioan be

{ﬁ?ﬁ@% <Onl¥AlR r%%}%l%%ﬂ%ﬁ%p%ﬁggﬁ&ﬁy i MRl or more such

in domono interpo ne and a pha-olefin

qi@ﬁnsn@mbﬁg chhelymotas ethstlariencomd ptopy e polyhars endpioyedyiene,
éa'%%% @&éﬁ%%ﬁ% hdke m%%%%&oaﬁ?ﬁﬁﬂomeé%@gsf%?&'y

0 to 60%. propylene and/or butene-I are employed as

reenoRBEIErts) Wil? @ tplensrehet b iy dnd e bnteeonsigsticdopeolyfibre s 2
&gﬁ%ﬁrﬁ%ﬂ@&ﬁ%@&é‘ﬂﬁ&Buﬁa?h@ﬂé’ é%%xﬁ!ﬂ}%@b?lﬁf‘ﬁeﬁé I0WEY 1ene and

e contents’may be present. These polymers may be prepared by
bfb’rilﬁﬂféﬁ!ﬂﬁ@ éiha-olefin monomer, or mixtures of alpha-olefin
monomers, or mixtures comprising ethylene and at least one C3 to C28

A particularly preferred class of olefin polymers for reaction with maleic anhydride
comprises the polybutenes, which are prepared by polymerization of one or more of
1-butene, 2-butene and isobutene. Especially desirable are polybutenes containing a
substantial proportion of units derived from isobutene. The polybutene may contain
niinor amounts of butadiene, which may or may not be incorporated in the polymer.
These polybutenes are readily available commercial materials well known to those
skilled in the art. Examples of procedures illustrating the preparation of such material
can be found, for example, m U.S. Pat. Nos. 3,215,707; 3,231,587; 3,515,669;
3,579,450; 3,912,764 and 4,605,808, hereby incorporated by reference for their

disclosures of suitable polybutenes.

Other suitable hydrocarbons or polymers employed 1n the formation of the dispersants
of the present invention include homopolymers, mterpolymers or lower molecular
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30 alpha-olefin monomer, in the presence of a catalyst system comprising
at least one metallocene (e.g., a cyclopentadienyl-transition metal
compound) and an alumoxane compound. Using this process, a polymer
in which 95% or more of the polymer chains possess terminal
ethenylidene-type unsaturation can be provided. These 9 terminally

vigiatisateddrienpolimenaihay feerephnedby knpwie petatecentethylene
chemi nd may,also be prepared as.described i P 0S. . .
o e s A s o T e Basggi v
sidsghtisefuhacbdheh sopdiyied pieparpdsimi mibiestohethylenmdndierein
alnha olefin using a 5 me a[lo%gg/alumga_encatlalﬁesr,%gflchla}s described in
P 245507 A2 8hd°US. Par No 55 ARGther ugetur %?assg(g?
tpotymbcthisipolipnrens ptepdied Byetaolyicspolypeéyinatiorvofpisebateryelymers
tyrene, and,the like. Common pel s from this class include 10. :
G 1 o e BRI TR ISR RE R et of
fepiouteénd ScombentabéraboutBBdo abeletatB9603lkwl. oé fichanl isoButathen atoms,
. t 60%, by wt.. | sence of a iS.aci
o PRl PR, P S [ BSeTae LA e
nthecaresuohlaomoueSeRandivle, 41952 788le1 5rhpyjesobbojtenel ihaxuost ,

isferedharipant.aLiiepiarent INRRURE Peeaiss.Lip (sadlanalable
by cationic polymerization from butene streams (e.g., using I3 or BF3
peatedysesic-Surtx pisyesebutitetastcepanel aligtederenin-le siorl agasatlration

ﬁﬁkﬁ@?%ﬂ%ﬁng?%%ﬁﬁf@f'Emﬁﬁ&&’é’é‘g@ﬂb{%&e@ﬁ Pl }eﬁspé?ji.rﬁxemplary

positioned a he 20 chain. A preferred embodiment utiliz
op sl obliplerscepreparddiedmmaopalemigsbbiejtand dtesanclyprepariiylene-
ISACHYE | SRE ARLEARIGuMHL teraiRalyigyli fi :
pthgge fom%referre%{ to as highly gggc%(/ﬁé%gdlgiso b%?eﬁge%%%?g,%m
1

apd e dikesivhricirhrdehens merebs Hdgayhanyiieraieehtad! Of atdemt
uRS0r Ri9n. I rRANSRRIG R ARk &0 BIpsIR Sfetalhe Rt Igast

85%. The 25 preparation of such polymers is described, for example, in .
prorylengangbethyienc £0d byjraep|p TsHBeincdra R Pl s dnesritag reiaygontain

aaNlRbIe snder e K3genasies; of a C4 to Cg non-conjugated diolefin
comonomer, However, if is preferred that the polymers of this invention comprise
only alpha-olefin homopolymers, interpolymers of alpha-olefin comonomers and
interpolymers of ethylene and alpha-olefin comonomers. The molar ethylene content
of the polymers employed in this invention is preferably in the range of 0 to §0%, and
more preferably 0 to 60%. When propylene and/or butene-1 are employed as
comonomer(s) with ethylene, the ethylene content of such copolymers is most
preferably between 15 and 50%, although higher or iower ethylene contents may be

present.,

These polymers may be prepared by polymerizing alpha-olefin monomer, or mixtures
of alpha-olefin monomers, or mixtures comprising ethylene and at least one Cs to Cpg
alpha-olefin monomer, in the presence of a catalyst system comprising at least one
metallocene (e.g., a cyclopentadienyl-transition metal compound) and an alumoxane
compound. Using this process, a polymer in which 95% or more of the polymer
chains possess terminal ethenylidene-type unsaturation can be provided. These
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Glissopal TM (from BASF) and Ultravis TM (from BP-Amoco). Particularly
preferred is the use a polyalkene that initially contains greater than about
30 50% of the methylvinylidene isomer, and wherein the polyalkene is
treated with strong acid prior to the thermal reaction with the unsaturated
acidic reagent so that less than 50% of the polyalkene has

tenatnylwnyidansienchaipupandRadeyystrpararicd used hereiniselaks to

an acid having a plc of less than about 4. Preferably, the_-10 strong acid
SRCHHSHY. SBILBYEY 8BiRG BreRtiRIAcidCBibeddR Hom @bﬁﬁfe%tﬁo‘}?g?é@%s
geald OB AEs 7 HE I3 H2B 04 biNNO30 etel)s Mere prefanablysdhe s¥eng

acid is a sulfonic acid. Still more preferably, the sulfonic acid is an alkyl

SRR STFGHIY R %@t%&%ﬁ%ﬁﬁﬁfﬁéiwf&&mlﬂﬁ& HikpBaryl
seifasieasidunasafiovadiiet30dh carhasrafens. Ay pivaly;rthe syifanis. @eid No
js_present in an amount in the range of from 0.0025% to 1% based on the
i&%%} ght of polyalkene The thermal reaction of a polyolefin with maleic
anhydride is well known and is described, for example, in U.S. Pat. No.
3,361,673..Less desirable is the chlorination 10 process characterized by
AR G Ao A MR O I AR o OO WG of
isdsatwell kpawe, and dscdéscribedier pxampts itk ibisRatsNaciude

3 172b1 9. Vali;?us Elnglgific?tions of.the e{t{palgl)rocess an chlorinagio_n
PSTSRRUISPES SRS A RRM DSBS Bt rtcr APSUBL AT U plitene
chimsntloT @Bt B5404860,261593181812 %0 dhad iSqbad A0 boitee sadical 30 to

roc s for preparing alkenyl succinic 15 anhydrides. are, for example,
BT Y S R S R oA i e
tatitdogtisoctioioramtfdrnidesapriparadday the sefactvbraofhlgls. Pat. No.
4n@gtﬂ(&\gnylidene polyisobutene with unsaturated succinic acid derivatives
as ‘described. in U.S. Pat. Nos. 4,152,499 and 5,241,003, and European
Application EP 0 355 895. All of the above referenced patents are hereby

incorporated herein by 20 reference.in their entirety. The alkenyl or alky] .
A RS P LSRR

readidive alahigthyrethyhivipyligene zatlyalkyie hefenostreammniegly using AICE or
R e R
aNgmbierd YWor0@248Rdenic double bond per polymer chain, positioned along the
chain. A preferred embodiment utilizes polyisobutylene prepared from a pure
isobutylene stream to prepare ‘reactive 1sobutylene polymers with terminal vinylidene
olefins. Preferably, these polymers, referred to as highly reactive polyisobutylene
(HR-PIB}, have a terminal vinylidene content or methylvinylidene content of at least
65%, e.g., 70%, more preferably at least 80%, most preferably, at least 85%. The
preparation of such polymers 1s described, for example, in U.S. Pat. No. 4,152,499,
HR-PIB 1s known and HR-PIB 1s commercially available under the tradenames
Ghissopal ™ (from BASF) and Ultravis ™ (from BP-Amoco).

Particularly preferred is the use a polyalkene that initially contains greater than about
50% of the methylvinylidene isomer, and wherein the polyalkene is treated with

strong acid prior to the thermal reaction with the unsaturated acidic reagent so that

 less than 50% of the polyalkene has methylvinylidene end groups. The term strong

acid used herein, refers to an acid having a pK, of less than about 4. Preferably, the
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Al; WO 9310063-Al; and published European Patent Applications
Numbers 0355895-A; 0565285A; and 0587381A, all of which are hereby
incorporated by reference in their entirety. Other polyalkenes can also be
used including, for example, polyalkenes prepared using metallocene
catalysts such as described in published 30 German patent application DE

' st&&%%&ﬁéhn%ﬂ%@@ﬂl@kﬂﬂﬂgwgﬁﬂf&aﬁd}deEivaﬁi\teﬁd}gﬂéﬂgﬁong acids

1 B MaYe LG he £ PG 08 Miorons s s o
sz@f@ierabl& il ablort o eisaply, 3ue@utl&>raeldc¢tett\/atuﬁ@ha’ge ﬁtlfomc acid.
uccm rat out from 1.0:1 {o 1 2. abI | or
R LA LR AR R G Rty 10 0
caabefe&teﬂlto Wmcanﬁlkm"gdlﬁuﬁelmmal tpy@:t;rede ip r;epateﬁimﬁhﬁdhmgaﬂif
z)?)z%fjg ﬁ) use the calc late %‘§ atl n ratio of material
é eedsglt t%‘i’é% Ivef 8 1p3 y% §Because the product
IS essentlally chlorlne free because chlorine i |s not used in the synthesis.

Tffé Qg@trtlc%ﬁrlglc%refe a%oTﬁott%%d for re %fén ﬁ(en\qu k)(m?ucglnlc
aci erivatives’is ermal reac Ing a p ene WI
dasnshtdr ftecdaoiditcreade st Bbt. éiéua%téd It,éﬁﬂoérﬁmh&mﬁl&aqﬁ&séﬂo&mﬁtmn
stron Cld To achieve high conversi pre rab

T e et e e R S T
arﬁmirtlde sttocly 1a®idcaWEéhkﬂm1tembfsré¢srmbedf Vipicatiynihie, uad@tﬂ)ﬂ’aﬁ No.

ted at temperatures |nt about fro 0to

3 B P PRl SRR cHiC A8 tpeecs are
alhowrg] Typicalkothe sEadtion ars dmdtbctbnh éf abBatt dloso$PREE prdstlgs!;

I th
QAR e R S e e R A b
argoldades Altevativelynhe freasthad indh Hd supdrsatSSpliSriand idBild. {136,

Af’s%p&e%hl%{a%eaﬁ%bzlﬁ(&?t 400 9 g%%é Suﬁb{&% e f\? 40

he 20 presence of the strong-aci n a Increase In the
m@dM@m@dWhelmmmwevwerpﬂ@getﬂﬁes@tqh?ecamhgeamalal@oaﬁesuIts

ddBLIAEANRAILEID LESUSlo SONIG LD PO ION FHSEINEAHAL ;’ 92&‘%}’13;513 0

this is also dependent on the other reaction conditions ‘such as MA feed

3%t Sthalhedideabio of infosnautedierita bargbitincorporated herein by

reference in their entirety.

The alkenyl or alkyl succinic acid derivative may also be prepared using the so-called
highly reactive or high methyl vinylidene polyalkylene, most commonly
polyisobutene, such as descn'beti in U.S. Pat: Nos. 4,152,499; 5,071,919; 5,137,980;
5,286,823; 5,254,649; published International Applications Numbers WO 93 24539-
Al; WO 9310063-A1; and published European Patent Applications Numbers |
0355895-A; 0505285A; and 0587381A, all of which are hereby incorporated by
reference in their entirety. Other polyalkenes can also be used including, for example,
polyalkenes prepared using metallocene catalysts such as described in published

German patent application DE 4313088A1.

Alkyl and alkeny! succinic acid derivatives having a calculated succinic ratio of about
from 1.0:1 to 2.5:1, and preferably about from 1.0:1 to 1.5:1, may be used in the
-11- ‘
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to polyalkene (CMR), the reaction time, and the reaction temperature. 25
The strong acid results in isomerization of the end group double bond of
the polyalkene. This is especially true in the absence of the unsaturated
acidic reagent. For example, if the end group composition of the
polyalkene consists mostly of the methylvinylidene isomer, the strong

peidiigrbnen! Ml rabyabienad asulisin ke isonetization @it atives have a

methylvinylidene_isomer to a trisubstituted |somer a tetrasubstituted
TUGTHER R DR AR S sk S thuttudo Hars b aliod pr

deterninethit hisishmesizatiords depsarent,an dhe a@p&iton tipestheed o use
e stron acid. If the strong acid is

temperature, .and the concentratio
SHIBED 3RS BY ( 5 BOR N L a0 Gkl Ree e

dseiagmt&dm&jazﬁnmmanbEIHﬁﬁ@fm@ﬁbeﬁlk@rtﬁlsqmd@@slﬁu:fﬂﬁa@lm the01 .2,
alkene is er. side reactions

éﬂ/ersmn ftheﬁp g‘{i ned dition, o

SR DISYRRTR e BT iRBI e ReE RS SR SP IR OB R tbe
ofthespolyalkylene derivative, etc. may take place. In conducting this
reaction, 5 it is often convenient to first add the polyalkene and the strong
acid, let the polyalkene and strong acid react to reduce the amount of

Mpthybvibylidenréand groups ﬁﬁrtﬂstepmhgalk@a&,eﬂ}e et iswitihibecid

nsatfjrated ac{gjlcr zﬁgent This i |s venlen becaus%g erlirall the
SRS LRI R SR8 f ve PR AT MRSP S HitfSrEspt at

¢twamd;atmmanimdmtmqgm(ﬂtﬁ‘ strangaaid 'craraheeezddﬁghactdim&xt@mﬁ the

10 resultin |ncre se in the b tch etl refe

R S S B T AR v it

Iadgh:nomnifﬂmmnsgumdtebkaandmlreagmmwsam&aﬂm eogtacaa is

ene havm Iesst n 50% efer le h o
RS T 0 TR LRI RIS o 150
quwaﬂ@rferahqzm fisatutateti0duidis, eaGenblare mhdummmr the reaction
IQ%SHHH&&P&@&[F‘?%%{%” LIS IRNRSIRLE 13 AGT8RRC0. 20 8 e can
Isomerization of the met V|n idene én group ofthe po ya € occurs
Hen b@amdmwndmm@atmm@mmmwag@mmmmmmm of

tﬂ@?&@tﬁx‘?&@ﬁs&‘%@ﬂ%ﬂ%ﬁ&@% the ﬂstsgﬁ% &htg SPEr Iﬁ?d I eén‘é:hgnd n

temperature IS increased 20 suf y SOt e reaction 0
thisipbprehidittiathethmeanirondd ewidistebigahe range from 180° to 240° C. The

presence of the strong acid resulfs in an increase in the % conversion of the
polyalkene. The presence of the strong acid also results in low insoluble resin, low
soluble resin, and low succinic ratio. However, this is also dependent on the other
reaction conditions such as MA feed time, the mole ratio of unsaturated acidic reagent

to polyalkene (CMR), the reaction time, and the reaction temperature.

The strong acid results in isomerization of the end group double bond of the
polyalkene. This s especially true in the absence of the unsaturated acidic reagent.
For example, if the end group composition of the polyalkene consists mostly of the
methylvinylidene isomer, the strong acid treatment of the polyalkene results in
1somerization of the methylvinylidene isomer to a trisubstituted isomer, a
tetrasubstituted isomer, and other isomers whose structures have not yet been
determined. This isomerizafion is dependent on the reaction time, the temperature,
and the concentration of the strong acid. If the strong acid is added to a mixture of the
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to form polyalkylene derivative takes place. Alternatively, the polyalkene,
the strong acid, and the unsaturated acidic reagent are all added
together, or the polyalkene and the unsaturated acidic reagent can be
added first, followed by the addition of the strong acid. Other possible
orders of addition are possible (such as polyalkene and 25 part of the

pfonRAcithdhenhe vpsailaied acidicrenaent e thadest At olyalkene

strong acid). All po(;ssible orders of addition are considered to be within
FHEBITFE BRI e BT AL KRRk gPE Stk I8 addisipn. other
Shhvergss Ramhe senverrliuPaly Mk ReRUcHIRic amRitaEOYouble

using conventional reducing conditions such as catalytic hydrogenation.,
hep CAAHElHOTRN SO Y préfery (AtaIpkcs Pananlichion thisdsartion,
il 8 oFtdE dSHRMINOD AR Yite BEADIANInN eh yinstandingithe,aneikene

in which the alkyl or alkenylsuccinic acid derivatives were prepared, th

. _ e

ik BrARIAFRELIRINET et atVES [Rs Tarthay HeFRatE & 4R & the
poljaen-camairing invslaapbilicsreacianteu vasandiaminn sapithvnt
breactant. 5 The iami'no naphthyl re&ghant of the present invention are

HEPHESRF B AR YERSNE R IR RS Hl AR Fe Siered ler pefore
Antlapsadanyrselecied ikanche graumeonsisiing.of hydregedcandtblkylme
from.Ci_10; and R3 is %g ogen, hydroxyl, C1_6 alky or Cl_6 alkoxy. :
B BB PRSP T o VB RFor RO o RS O 8h P kene
ievenimoush pitfersily yiedgpHothRhandRioaref s iogen: ReafeerlyrfZent
.is hydrogen or alkyl andg(,e more preferably R3 s hydrogen. Preferred
ST S QAU Of B0 AL N, IRy S P
tlaif;40B) h6tayidiRyTideithetibgtomand 1,8 positions being particularly

preferred. Particularly preferred R3 is hydrogen; however, when R3 is

other than hydrogen the preferred point of substitution on the diamino
Inaphthyd mpietytis sirtng 3cot, Hplgsiiiomnwith thead:positinndieirggent are added
tggaer & la r%e %%%E%%%Cg]'of the reaction. Then the temperature is increased so that
isomerization of the methylvinylidene end group of the polyalkene occurs but reaction
with the unsaturated acidic reagent does not take place. Then after the
methylvinylidene content reaches the desired level, the temperature is mcreased
sufficiently so that the reaction of the polybutene with the unsaturated acidic reagent
to form polyalkylene derivative takes place. Alternatively, the polyalkene, the strong
acid, and the unsaturated acidic reagent are all added together, or the polyalkene and
the unsaturated acidic reagent can be added first, followed by the addition of the
strong acid. Other possible orders of addition are possible (such as polyalkene and
part of the strong acid, then the unsaturated acidic reagent, then the rest of the strong

acid). All possible orders of addition are considered to be within the scope of this

imvention.

As known 1n the art, polyalkenyl succinic anhydrides may be converted to polyatkyl
succinic anhydrides by using conventional reducing conditions such as catalytic
hydrogenation. For catalytic hydrogenation, a preferred catalyst is palladium on

carbon.
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20 The diamino naphthyl reactant may be a single compound but typically
will be a mixture of compounds reflecting commercial products or
synthesis compounds. Typically there will be a mixture in which one or
several compounds predominate with the average composition indicated.
For example, 1,8-naphthylenediamine 25 commonly is commercially

Areducetdyaetabasieiadusiion ey Ryrcatalytic hydrogenation of

[,8-di.nitronapthalene, Ger. Offen. 2,523,351 (Dec. 9, 1976). Methods of
Nnbpaitutisi brdhimenapdinislisbdbt oHohre dkeadeivisie gewWierevikes
VRRGANA L HEMIST BYa RENLRAGEN: (JarRadon Rre $ar R ard 1856

Noller's 30 CHEMISTRY OF ORGANIC COMPOUNDS, Saunders,

o Hi A daisisrt-opr e Aur popinlisHgiaiomri s ENT e rap A @pant.

CHEMICAL TECHNOLOGY, 2nd Ed., especially Volume 2, pp. 99-116,

and for naphthalene derivatives, Volume 15, pp. 698-749. 5 )

e drpmiperpiiEN TSR pfdPeRiseBt MEepresahe drntftsddiofamula I
compounds of the present invention may be generally further improved by
reaction with an acidic reag(?{nhﬁelected from a %n containing

compound and/or a molybdeHu tainin QP fid. This post treating
reaction may be conducted negt; M multifunctional
compound 10 and the acidic rgagent arejcombined in the proper ratio.
Depending on the viscosity it

rgle, toluene, xylene.
Examples of particularly suitable acidic reagents include, for Jxample,
boric acid and molybdic acid. 15 For example, the multifunctional

ed with a horon

com ode ghe é)re ent inve tiori can be tre$t nvd
AR A R i RO MBS sHs Y R b STBRPSanus v hydrogen
dndlides] horo acidsaiy asketbaidaoradasids (h_amlaneunt talpsavide

Jrom about 0.1 atomic propartion of boron for each mole of nitrogen in
AT A SRR B S Bl Do St BTG AR LGB BN
peathnbtomic:proporiorued RQ aitrbgér géisaidafuiifyrie:onialdogyostndkyt
These borated multifunctional compoupds. of the invention contain from

oyl S B S LA oot BB 0 O UETDRGRERE Sabobanor on (12
diamino naphthyl moiety are at the 1,5; 1,0; 1,7; 1,8; 2,6 and 2,7; with the 1,5 and 1,8
positions being particularly preferred. Particularly preferred R is hydrogen; however,
when Ry is other than hydrogen the preferred point of substitution on the diamino
naphthyl moiety is at the 3 or 4 position with the 3 position being particularly

preferred.

The dianmno naphthyl reactant may be a single compound but typically will be a
mixture of compounds reflecting commercial products or synthesis compounds.
Typically there will be a mixture in which one or several compounds predominate
with the average composition indicated. For example, 1,8-naphthylenediamine
commonly 1s commercially produced by metal-acid reduction or by catalytic

hydrogenation of 1,8-dimtronapthalene, Ger. Offen. 2,523,351 (Dec. 9, 1976).

Methods of preparation of amines and their reactions are detailed in Sidgewick's THE
ORGANIC CHEMISTRY OF NITROGEN, Clarendon Press, Oxford, 1966; Noller's

CHEMISTRY OF ORGANIC COMPOUNDS, Saunders, Philadelphia, 2nd Ed.,
- 14 -



based on the total weight of said borated nitrogen-containing
multifunctional compound. The boron, which appears to be in the product
as dehydrated boric acid polymers (primarily (HBO2)3), is believed to
attach to the multifunctional compound 25 as amine salts, e.g., the
metaborate salt. Treating is readily carried out by adding from about O. 05

3 T R o) BRH. S WP Ao CE LIS Ahaber e

Iiﬁs asghﬁi@ll‘go\&atdﬂmogg reconpoanbifancebhhatingn3d wvithisticsingodifions,
ég gg C to 190 C; e.g. 140-170 C, for from | to 5 hours followed by
an tripping at said temperature ranges. -15 The molybdenum
compounds used to prepare the molybdenum complexes used in the

iti invention are acidic molybdenum compounds or salts
> m}%m compounds. By acidic is meant that the
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23

30

”mmﬂybﬂﬁlmmwmm pocireds millt feadiomithcatbasioditkogba piormmbointhation may

bg]él;rjfg:c%% a can% oduc;#% nwgé%?y §ﬂ@f§l}{ il thr%é)ae%%%@qg ration
bpromedntmni[ggnoalmuhésmmac:m:d)j@kidemmmﬁmmngnﬂmammd This post
avalent. and ar nr@prgsanff a?’ &51» 99 gg@ deC

trea dlég reacluglé"neéyg OnNOUCLS 1 Eﬂsltlugrqs mmund
OXI ic acid, ammonium rﬁoly afe so IuUm mo
apéﬁhsswmme@@admmmb@rmlkamepmmabmmpbdém tandlc)mecromty it
enum, s Its such h dr en salts e dro od|
o R B R B e RO D SA e SR AR SO Wt for
esamjﬂe, aﬂwhna:nq@dndeﬁmnpbmpﬁgmzﬂsnﬁré}f@uéelbéwmim@tb}gdmsumlude,

fgloéng $,8e .m Xéggl&(% 2.9 bdic acid, ammonium molybdate,
| meta m ates:. Particularly preferred is molybdenum

trioxide 15 The post treatment may be conduction with or without a

foé%ﬁlgqge%t% PhRiIRoMt & iluenks thediiyent s 1%%‘39&6%%?&% {hted
e a suita

to provi e viscosity for easy stirring, or for the azeotropic
wdibtilhaom shwatsndsgisasdiiventbaeiasashnashg ol hpwliguige, boron

hﬁﬁﬁé@%&%ﬁ 88%@&9@95%?%?@@88 ey drogeRull qgﬂf&ﬂd@'ﬂmﬂ%ﬁﬂt 0.1

ydrOX|de may also be added to the reaction mixture to provide a solution

alsig arapsoRfim | rvsibtateadn anterebetitges basitdrntdgbmesnaining
ERPRALNG ki) THEUPSHRRALEOBIRRLDE (HCUER! LUn RO droeEH S £

charged to the reactor. The
nitrogen of said multifunctional compound. These borated mulitifunctional compounds

of the invention contain from about 0.05 to 2.0 W, Yo, e.g. 0.05 to 0.7 wt. % boron
based on the total weight of said borated nitrogen-containing multifunctional
compound. The boron, which appears to be in the product as dehydrated boric acid
polymers (primarily (HBO,),), is believed to attach fo the multifunctional compound

as amine salts, e.g., the metaborate salt.

Treating is readily carried out by adding from about 0.05 to 4, e.g. 1 to 3 wt. % (based
on the weight of said nitrogen compound) of said boron compound, preferably boric
acid which is most usually added as a slurry to said nitrogen compound and heating
with stirring at from about 135 °C to 190 °C; e.g. 140-170 °C, for from | to 5 hours

followed by nitrogen stripping at said temperature ranges.
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reactor is agitated and heated at a temperature less than or equal. to

about 120 C, preferably from about 70 C to about 90 C. Molybdic oxide is

then charged to the reactor and the temperature is maintained at a

temperature less than or equal to about 25 120 C, preferably at about 70

C to about 90 C, until the molybdenum is sufficiently reacted. The
TRAGIRLHRRPL IS AIERALPIGHN LR LaRGR GIJIAM ARAHIRL0 APH

30 hog% and prefe?ably from about % 0 aboutgi% hours. T&éﬁf%%ﬁ%ecglsn the
caresi e mblasl ifremibie Aeaetidie mididrécRenrovab pratsodsatislafiecidic
ol BaER UopEch o AN SIHRAan RLAOREN, BHIRRING JRISIRIRR in

during stripping the temperature 30 of the reactor in"maintained at a

reachpetatiresiess ingarctegud tbamslitiipotonabpipping is shditarilg basicity -

ofAHBd QUL MRAEH '&%‘#ﬁ&%&’@ﬁ%@e@ﬁﬁ%ﬁﬁx@ﬁﬁ 6 FRAUGEDRe D2896

“lncr'ementalgéo avoid problems with foaming. After the desired pressure
t{§aNE FIRER ,qri%ygt%bm@@%%aq@wﬁwb%aﬂm@npwésmaawalem

2809 AR de-ahay hleqymmgwg@s@w% HIOoRilR 8R8HARC acid,
hours, LUBRICATING OIL COMPOSITIONS AN CONCENTRATES 5

APRORIBRCRMYP IR EotApER DR B it PREsSRtThYIYRRtesmpéother alkaline

nERRMERIORHY R BRASL Y SRR RIS RFING ARG R FAHIEIHACHAN 4o gen
product prepared by the reaction of a) an alkyl or alkenyl succinic acid
S

Rt Mt Ao diteiyio L0 Shrieplyhderam dveiageor similar
afRalestdRbuRiGh QffRiHa0re RARA Al hd HIRMRINA: RaRMLds are

compound of the formula |, defined herein above; wherein the molar ratio

mlestis 95 5 nbivtitbsit L resipbmely daltaad Hicelt metiatpiybdates.

puisieasityy(paserail is the Jubsicating il gomposition may also be directed
to a post treated multifunctional product. The multifunctional compositions

of this invention may also be pre-blended as a concentrated or package
ThitBosetensRiien adeitivasliriba dppreptiaBratiosidagiiaie/neadNahout

a,fiinished lubricating compgsition containing the desjred 15 concentration
a8t ieitivels FHIG Sapett e e RSAEnibukltbles atcagy for casy
stinMapfionfarehblendecbpiidiaioihabibIricalin g IWsaas it 8¢:R CAOGERHALAN oif

a(i hiccril these c%nfwéaositiqns géfp\{/ide and oxidation benefit; in another
=i s URR A AR B SO el ot SesseRtPonat
hwhictidbass seoiposiieasdoieyidecweanireiectivProvide a solution of
ammonium molybdate. In this reaction, a basic nitrogen-containing compound, i.e. the
multifunctional compound, neutral oil, and water are charged to the reactor. The
reactor is agitated and heated at a temperature Iess than or equal to about 120 °C,
preferably from about 70 °C to about 90 °C. Molybdic oxide is then charged to the

reactor and the temperature is maintained at a temperature less than or equal to about

120 °C, preferably at about 70 °C to about 90 °C, until the molybdenum is sufficiently

reacted. The reaction time for this step is typically in the range of from about 2 to
about 30 hours and preferably from about 2 to about 10 hours. Typically excess water
1s removed from the reaction mixture. Removal methods include but are not limited to
vacuum distillation or nitrogen stripping. Preferably during stripping the temperature
of the reactor in maintained at a temperature less than or equal to about 120 °C.
Stripping ts ordinarily carried out under reduced pressure. The pressure may be

reduced incrementally to avoid problems with foaming. After the desired pressure is
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20 The lubricating oil, or base oil, used in the lubricating oil compositions
of the present invention are generally tailored to the specific use e.g.
engine oil, gear oil, industrial oil, cutting oil, etc. For example, where
desired as an engine oil, the base olil typically will be a mineral oil or
synthetic oil of viscosity suitable for use in the crankcase of an 25 internal
rea%ﬁﬁzi?'d%é'%g@%&@#@%@m&m%&m&%ﬂ&% RINBS WiHbut 5
Include marine engines. Crankcase lubricating oils ordinarily have a
hoviseadityrofeetyireoabesth Gorbe WA dBtEt 210 F (99 C) the lubricating
oils may be derived from synthetic or natural sources. 30 Mineral oil for

use as the base olil in this invention includes paraffinic, naphthenic and
A\ 4 ) (i) JOHINS, A 2 =
)]

: . qJiare ko i s BN ALk b_g:.'lnh.g. o gioziatal= ions. Synthe“c
Th‘é'k%bi@&i‘dﬂ& St hyogar

FoQr W iReta s R SURhelicasi@Rntly
Hydrocarbon synthetic oil may include, for example, oils prepared from

prepergblynsenphtiblsetisagiene ve rsiiimetipely modsstisrrereddiihs,
reaiolh 88 BUANURINS CHRAT: QIcHOMm LNAieERHIRE SHRIRASIBPIACA W ERenyl

using carbon monoxide and hydrogen gases, such as in a Fisher-Tropsch

subibiisss NesENSyALSSTE FERIAS CuFAh T T AR AL peihhbidimino

nafheha olefipshavinenthe Rreper isgasitnRsRasialy uselvlpigthe Br ratio of
ydrogenerated liquid oligomers of C6 to C12 alpha olefins such as

2) fodpéeAemiabent Likeisabaitkyr betyBraLdiiyber itk ey siionbrse ol).
TididedrovRenzenmeanthe wsadaddsrfuleyaihesic pstetsinsiugati@nctional

esters of both monocarboxylic acid and _polycarboxylic acids as well as
ProdBRioRYRTaRY IRARBRIZHRPBEY T iU dRAFRPRIS mipe i St onded

as adipalenPaptes pivitaldeliacapioata diZ-eiihe iy tadiga@ptate ratios to
dilaurylsebacate and the like. Complex esters prepared from mixtures of

fagil5Als BlsrtnEaHO T dE R S SRR Gih SR B RS SISSEES also be
coHsadlr3lends afdipieusnamesspails sy ptheifaeilhardmpndtaissafdhis

_ synthetic ails may also be._ adyantageous, for example to provide a giye

SR TR s e R R

thées enginsitibay pioragelaaiedsaibathefinah kbdukiiesiag, allecgontaining
the varipus additives, including the present wear protestant, .has a

g AP B STEBIIPTS 55 BONLAL o IAASPR A0 T Mefriatokes

codijfbsitions provide wear protection.

_The lubricating oil, or base oil, used in the lubricating o1l compositions of the present

invention are generally tailored to the specific use e.g. engine oil, gear oil, industrial
oil, cutting oil, etc. For example, where desired as an engine oil, the base oil typically
will be a mineral oil or synthetic oil of viscosity suitabie for use in the crankcase of an
intemal combustion engine such as gasoline engines and diesel engines which include
marine engines. Crankcase lubricating oils ordinarily have a viscosity of about 1360
¢St at 0 °F to 24 ¢St at 210 °F (99 °C) the lubricating oils may be denved from

synthetic or natural sources.

Mineral oil for use as the base oil in this invention includes parafiinic, naphthenic and
other oils that are ordinarily used in iubricatiﬁg oil compositions. Synthetic oils
include both hydrocarbon synthetic oils and synthetic esters. Hydrocarbon synthetic
oil may include, for example, oils prepared from the polymerization of ethylene or
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more preferably 13 to 17 centistokes, Typically the lubricating oil
composition will contain a variety of compatible 20 additives desired to
impart various properties to the finished lubricating oil composition
depending on the particular end use and base oils used. Such additives
include neutral and basic detergents such as natural and overbased
organlc sulfonates and norm I and overba 1)s;ﬁjtaﬁhenates and salicylates,

[ fbrRHHAnER LS Qishes Hfssgﬁllbﬁsé? RSB ANASE S Fimides
hQdReBIY iSRS @@@b@ﬁfemsmgtcmbﬂmt@r@a&ﬁdeaﬁa IRPdDIEEs JAeeH, such

point dispersants, antioxidant Iud| call dVIS osit ex (VI)
I LT T oL AR H AL Ao G
perm@arom&mmufhn@@md@ﬁop\emdm@r@Sthba&Wam:ﬂﬂ are the
ounds e compc ds; efo in ents suc
O TV G B g i R A S S
1 fakty aeiddic VigberaalcobOisppiphaticsaminels, af:aﬂgd@&baﬂi dbarmdes:,aﬁsue[&sed.
id sufurlze ts, aci sphate esters aldIC hosphite
B R T R S S D S e R s i B Posion
nsiljrdmtbmsﬁmkm& mmtrmmmtmmmmmmmomﬂx fypioyessamples

S RS R R SRR g g e

po?‘ymer mer an
dilepreisshnistsuch ds hkeyliCopoiyeneasten eiﬂeaerydid.‘mmwmatumlyb uiene and

alk styre and polyvinylacerate. Some of these additiv re further
S R R RS R B R desdeck
mﬁi&m mhﬂmraémhiaj syvdleverbasend sulforites dolyetiates oslalfunizetio be

ates th| hos on tes sa%lc lates, and naphthenates and othe
tble Car oxfl%% g 1?1‘1/}9 ala/ gfr %H 5?R/Sﬁgal 1SF081t)éfﬁaﬁn ? §et%eml

thwéttaﬂs Jcelgorbasieim] sodiurg ﬁmas&nmlllmmmdﬁcaﬁdt the final
mbn%”?s%é“i %&ﬂkﬁé{%ﬁ%ﬁﬂ% H&&ﬂx@setﬁ\ %%Lé %&rﬂ wear protectant,

magnesrum IC ay bot e present n ents used in a
nemmaammcammﬁ@@@f%ma mﬁahﬁlmesmfagffegmlmiwrm Bbdimtistokes and

ticularl %W@gqglwggﬁ?t&hgggergents are neutral and overbased

ca CI m sultonates having TBN of from 20 to 450, neutral and overbased
calcium phenates and sulfurized phenates having TBN of from 50 to 450

@%ﬁ Ayt 1BRdave %ﬁ%@%@ﬂ%%ﬁoﬁ?&ﬁ&%m@{%ﬁ% B2

from 20to 4
addltlves desired to impart various propetrties to the finished lubricating oil

composition depending on the particular end vse and base oils used. Such additives
include neutral and basic detergents such as natural and overbased organic sulfonates
and normal and overbased phenates and salicylates, dispersants, ashless dispersants
such as various polyalkylsuccinimides or polyalkylsuccinic acid esters, rust inhibitors,
foam inhibitors, pour point dispersants, antioxidants, including the so called viscosity
index (VT) umprovers, dispersant VI improvers and, as noted above, other corrosion or
wear inhibitors including oxidation inhibitors such as phenol compounds and amine
compounds; defoaming agents such as dimethylpolysiloxane and polyacrylate;
friction modifiers such as higher fatty acids, higher alcohols, aliphatic amines, fatty
acid amides, esters of fatty acids, sulfurized fats, acidic phosphate esters, acidic
phosphite esters, organic molybdenum compounds, and solid lubricants; corrosion
inhibitors such as benzotriazole and thiazole; viscosity index improvers (which may
be active type having increased dispersability) such as acrylic polﬁn er, methacrylic
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15 Combinations of detergents, whether overbased or neutral or both,
may be used. Sulfonates may be prepared from sulfonic acids which are
typically obtained by the sulfonation of alkyl substituted aromatic
hydrocarbons such as those obtained from the fractionation of petroleum
or by the alkylation of aromatic hydrocarbons. 20 Examples included

ose obtai by alkylating henzene, toluene. xylene, .naphthalene
PR T P L T B AR Bty

mefilonyiotuetenamdpchitronaphtbbighglsThenal kylatohy mayl b eérricdoatin

thégeea qﬁlsveerg;:eeoffu l%?‘rtﬁlé‘ssé'h‘%’g%ﬂt?é _ting agents having from abo_ut 3to
more than 70 carbon atoms, Th alkaryl sulfonates usually contain from
about 9 to about 80 or 25 more carbon atoms, preferably from about 16 to

t ( al titut ic_maiety. '
T el
sulfinhiss, pyrakides] Bikexidipheracsomareboeptbusdpatenlsyifides and

naﬁ%’{%}%ﬂg&dﬁ%’ &g%?t&%s%{@f@ §a%‘9x9IQ@ESo?fatﬁf‘e{&,eﬁ'xﬁT:ﬁﬁﬁ%%'Hﬂﬁ] or

compound Is chosen having régard to the desired TBN 0f the fina

aﬂmbm@@@r@mﬂ@@aigvm@uwangesqﬁ@#ﬁ!gb@@ﬁ@'@mréi@WE%iWeMb|y at
migast:Lar v Bh QT hainsiaichiomelticrlly Leasiae: 21 Melabaalis Qhich

phenols and sulfurized phenols are prepared by reaction with an

may)bedphiarrasratainceppeeio 'é}iféw_ifaﬁ Bviosias arhytirsRIde o nBuw andfor
m sg’&@?&[%e@itﬁ IQRAGES. Y D8 PRIBIBRL N EIRAAS eI RO 13, ih61 3l

ulfurized phenols may be prepared bggreactlng a phenol with sulfur or a

ovsiied sateivim e smpst havie A BE o hijare goria dff acsinml ppdorisrared
oS ietinalides Qe & pHUCIEWRICh 3 enSERerAll, TS Qhd neutral

compounds in which 2 or more phenols are bridged by sulfur containin
angrygaschmiasitHetSents, slip Yeichrieg tAm Deoplepardd toytS0-

CERARINGLAD AT @&@Q@n&?&ﬁéﬁ%ﬂ%ﬁﬁ&&vﬂpx@ﬂ@ﬁwpﬁéﬂmw used.
compound such as an oxide or hydroxide and neutral or overbased

products may be obtained by methods well known in the art. The

SASMANGIRE IR RHHePHIMARIBAID 2MICAGI GRE (SRIIAIR, BBIEHRIO e
such as nitrogen and oxygen. Preferably, the moiety contains only carbon

supfnridoniraliyterdsibi e @Bty Ruheandene shharetharnahtatsih ey
th&XARISRBAZANRIS Rum or by the alkylation of aromatic hydrocarbons.

Examples included those obtained by alkylating benzene, toluene, xylene,
naphthalene, diphenyt or their halogen derivatives such as chlorobenzene,
chlorotoluene and chloronaphthalene. The alkylation may be carried out in the
presénce of a catalyst with alkylating agents having from about 3 to more than 70
carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or
more carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl
substituted aromatic moiety. The oil soluble sulfonates or alkaryl sulfonic acids may
be neutralized with oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides,
hydrosulfides, nitrates, borates and ethers of the metal. The amount of metal
compound is chosen having regard to the desired TBN of the final product but
typically ranges from about 100 to 220 wi. % (preferably at least 125 wt. %) of that

stoichiometrically required.
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15 preferred moiety. The aromatic carboxylic acid may contain one or

more aromatic moieties, such as one or more benzene rings, either fused

or connected via alkylene bridges. The carboxylic moiety may be

attached directly or indirectly to the aromatic moiety. Preferably the

carboxylic acid. group is attached directly to a carbon atom on the
Mg srolety. sudh as A carbon alom.on ihe henssne ng, i

preferably, the 6 aromatic m0|ePy also conlaifs a secon functlona
apgnoppiasucittabahpdrodysgebap or aisigiforiatérgradpawinichtodmbeverbased

attached direc indirectly, t ; ' j
B e o g may
bepifyrratideroeiives Heradfvabichidirivydreekisponibsingteenatieydicuch as

) i ¢ urizing. f _

S S S R R O RS
gentr Slaliojiioieasias crapppiddip pleph rear pyceaowglstion biodesdypiel fur
c&ﬁ%ﬁ%g@gg—%@hmitt process, of phenoxides, and in that case, will

generally be obtained, normally in a diluent, in admixture with

uncarboxylated phenol. Preferred substituents in oil-soluble salicylic acids

caig. Al Fastigents, Inalkyl:substiied,salicuia 3cidz-dhe alkybaraups

advantageously 30 contain 5to 100, preferably 9 to"30, espécially 14 to_
cpboxwibaaldsHsaVREFarTidieE it sPE ARG ALCAIRY R rovde wiehaderatie

allRRREL OGO RIOMSARE T Bl Q?}P&jﬁh%@%@l? WrAWRATSe art.

to ensure adequate oll solubility. -20 Suitable dispersants are for example

Thapinmiecaeeyotdbn saimatisreahersyHadTHbem ciitaioREGERIHIFde4ch as
nid&ueliinowsdn e erinisenrr aliNannish PRIV cs IR aRIeRaFES LY

condensing about one mole of a long chain alkyl-substituted mono- or
PSRRI Ry BE AR AR SIBCUTIAS SANGT FETBS dRFSeRIPrRIS EAHE ()
pl&@red fRSBRIdBhy e AndNaraior prldelavda), aba aRAHLP R 2 Melasef

polyalkylene polyamine, as disclosed, for example, in U.S. Pat. No.
mYiges sHIFhas AHMARRER ragsne Sgend g T utRicts hsS s dTialeylene

bﬁ@%@?%@%ﬂb‘&iﬁf@ﬂﬂ%@“ﬁ%%ﬁé&@iﬂé@i%%%@&@tm aromatic
Su

ubstituent on the benzene_group, or may be reacted with a compound

: Y
med ARG b BEIAEY S BEG STalRols A ghethitrarily Riagarbgn atom on
O aReikdsimiaste thataessoheebin bhohPsinMae Jid4 MBI preferably, the

Succinimide compounds are also_know and are formed by reacting an

AgAREHS MBI CRAERRY ARt i group, such asa hydroxy group or

a sulfonate group, which can be attached directly or indirectly to a carbon atom on the

-aromatic moiety. Preferred examples of aromatic carboxylic acids are salicylic acids

and sulfurized derivatives thereof, such as hydrocarbyl substituted salicylic acid and
derivatives thereof. Processes for sulfurizing, for example a hydrocarbyl-substituted
salicylic acid, are known to those skilled in the art. SaIi'cyIic acids are typically
prepared by carboxylation, for example, by the Kolbe-Schimitt process, of phenoxides,
and in that case, will generally be obtained, normally in a diluent, in admixture with
uncarboxylated phenol. Préferred substituents in oil-soluble salicylic acids are alkyl
substituents. In alkyl-substituted salicylic acids, the alkyl groups advantageously
contain 5 to 100, preferably 9 to 30, especially 14 to 20, carbon atoms. Where there is
more than one alkyl group, the average number of carbon atoms in all of the alkyl

groups is preferably at least 9 to ensure adequate o1l solublity.
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moiety, typically a polyamine. Certain fundamental types of succinimides
and the related materials encompassed by the term of art "succinimide”
are taught in U.S. Pat. Nos. 3,219,666; 3,172,892; and 3,272,746, the
disclosures of which are hereby 15 incorporated by reference. The term
"succinimide" is understood in the art to include many of the amide,
simide: andamiding.seecleswiish ma Ao e med: e RICAOMINARGo
product however Is a succinimide and this term has been Beneraﬁy
arglcpeiyted asimidan ing tl producinfte readtiore ol bn Mikenyhqubdtitisade
pEPSEAE SO AL W A LUFAASRCARAIRG SORARNNG: mono- or
eferred succinimitdes, because 20 of their commercial availability, are

pdbds@wofcﬁmmmmﬁmeﬁlfmrﬁ-&mym%@émwowb@maﬁh@@mﬂ@g.,
fowﬁg@é_ e&@ﬁgﬂ% %%éaom%tf@@fs%%%ﬂeg%wetg}a&g%ne

carbon atoms, an ethylene amine, said ethylene amines bein
paypedinlys chmlastdrifad tyratley lare.didtmind odfethSAE. tHaphi Aéannich base
oJHEAVIRRG {)%Hcameyﬁm@rigcﬁﬁ;gaaedy%% PR, Retticulany prefeued

are those succinimides prepare polyisobutenyl succinic
pelbiyraiietass mwh&%mﬁ@%mwaeww@mﬂﬁ%@
c&%@yﬂﬂ%'t%%%@ﬁ@f IuxEes REGAL NG SUSRIDIAR CAN-R BPSmanner

treated such as with ethylene carbonate or boron. A preferred EC-treated
sigidpetedhntidescpbifintEre Babdiinfidé HBMRed YesHIBERMERBIOSPEN fig also
bR ARFHRRIEIAN, of 2l deast1 800, Araferally LRraaffRie 4Af0uT Reine

EC-treated succinimide of this 30 invention is described in U.S. Pat. Nos.
moighy ypicahianabemae. Surtmiclvnisorplel Srissgioressneerdsming the
re@&@@%éf&%%%(ﬁéﬁla%&?a Jrefh BhosPLRromsReich aRd lipRalicoK. Pat.

ilaury

aromatic alcohols phosphate, diphenyl -21 phosphate, dioleyl
Nphobpha@t thddd B b aifl prdpiteanipeisrrshrépdrsd fisnhereby

inRPARRBRIG eIt AN aliphatis.Araematic AlcphalsiéreRaAslPRe P aifide
dioctyl phosphate, trioctyl phosphate, etc.). Dimethyl esters of aliphatic
Ry SSbTiERdaS G amddaRp PR rstishasd a0 dia fﬁ?&nge

p&ﬁamr&%zt@d@@g%\zévea{pg@&@;@m@aﬁduﬂysd@mﬁs@éentg&ﬁ@ty

No. 4,158,633. The aliphatic group can be_saturated or unsaturated, and .

agsieqieh 8t BPAAIGRE BRaTMShSRICRIE PRE R AEECRYE THRS RSP eistsRetd
oPhaliphaticwino s phenicRcitsiereiotpe D Pt GEAURNRS Rd &Y BERE8se
in the range of about 16 to about 20 carbon atoms. Most dpreferred are the
of their commercial availability, are those succimmudes prepared from a hydrocarbyl
succinic anhydride, wherein the hydrocarbyl group contains from about 24 to about
350 carbon atoms, and an ethylene amine, said ethylene amines being especially
characterized by ethylene diamine, diethylene triamine, triethylene tetramine, and
tetraethylene pentamine. Particularly preferred are those succinimdes prepared from

polyisobutenyl succinic anhydride of 70 to 128 carbon atoms and tetraethylene

pentamine or thethylene tetramine or mixtures thereof. The succinimide can be post

" treated such as with ethylene carbonate or boron. A preferred EC-treated dispersant is

a polybutene succinimide derived from polybutenes having a molecular weight of at
least 1800, preferably from 2000 to 2400. The EC-treated succimumide of this
mvention is described in U.S. Pat. Nos. 5,334,321 and 5,356,552.

Suitable oil soluble phosphorous containing agents include esters prepared from
phosphorous acid and aliphatic or aromatic alcohols (dilauryl phosphate, diphenyl
221 -
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phosphonate esters wherein the aliphatic group is relatively pure and
contains about 10 18 carbon atoms or a mixture of phosphonate esters in
which the aliphatic groups contain an average of about 18 carbon atoms,
such as mixture derived from commercial technical grades of oleyl
chloride. Typical metal-free phosphorus-containing anti-wear and/or
extreme pressure additives 15 used in the practice of this invention
PR et PRl ot AR R RIS S SR Ne g
piptspbphorssiagid-dgibasc Brxampleiscofl sulikelbl6rcompoyhdsosiiete, thaytpe
use pho h LS5 nt%'pi 9N I aran / treme pressure agenis
g B s i B
whitbly tho eifiyti p Bessphitssisichiass iridhesyansisaspiiate, Glasylbdiph&hyirbon
BRSSP ARy R AP @tﬁa@%&@ﬁ%%m@lﬁﬂﬁw rBH@?:QH%tg’

tributyl phosphite, trioctyl phosphite, triphe phosphite, tricres
Sapn@mmnsﬁyemﬁbﬁyﬁmﬁmmroﬁbaightmginpihcs@pmnaté{rMIam_ the
di%Yé?ﬁ%@&ePbQPEﬁHi‘?atf@%Mﬂ%ﬂ@%@?%@?&ﬁ%@%ﬂﬁﬁ@? RiG,Acid

: cp%gédefﬂ
ipropyl ester. Among the amine salts which can be employ re amine
avsaigeon Partially eSahviéd plodphors phbepabrogs Msito ppticriedaie the

p%%ﬁB&%%@Q@%%@%}@aﬁ?ﬁ%&f ahashbescacisAnd he Ikg. 3066

examples include the dihexylammonium salt of dodecylphosphoric acid,
1&Wéi@tﬁwwwla@mm@fﬁaﬁpsawwwﬁeaﬁmopwmﬁéﬁaa? {#Feups
cRERTeEYAROpUBbEAIOL AR RROSARANS AR erived from

dilaurylammonium salt of 2-ethylhexylphosphoric acid, the dioleyl
CW%@%%&@G@@M@E&HH &cid, and analogous compounds.

30 The ester, amide or amine salt portion of the dithiophosphate will
generally have from 1 to 20 carbons, preferably 4 to 10 carbons, and from
Typigad HtdfErr MRERITBS-SATGE B RTHS’ SaltaIén SToyERS st pBrslditives
uREERIBBINAR &roMints R RRIAAREIdE WA BE HRTRMD L UL MAIR G of

ratio preferably ranging from 1 to 10). The ester, amide or amide salt

 phsRhoRSRHESHR BROSRRBITRHBBHSSp AR ss wé A R AP estisthich

malPa i ganihmpielias ssahiam AUHIReREB AR QL L haRIBE: fyErogRoN
in%{géjepéigydmcarbyi phosphites, phosphonates and phosphates, and dihydrocarbyt
phosphites; such as tricresyl phosphate, cresyl diphenyl phosphate, tributyl phosphate,
trioleyl phosphate, trilauryl phosphate, tributyl phosphite, trioctyl phosphite, triphenyl
phosphite, tricresyl phosphite, tricyclohexyl phosphite, dibutyl 1auryl phosphonate,
dibutyl hydrogen phosphite, dioleyl hydrogen phosphite, and tolyl phosphinic acid
dipropyl ester. Among the amine salts which can be employed are amine salts of
pértially esterified phosphoric, phosphorous, phosphonic, and phosphinic acids; amine
salts of phosphonic acids and the like. Specific examples include the

dihexylammonium salt of dodecylphosphoric acid, the diethyl hexyl ammonium salt

- of dioctyl dithiophosphoric acid, the octadecylammonium salt of dibutyl phosphoric

acid, the dilaurylammonium salt of 2-ethylhexylphosphoric acid, the dioleyl

ammonium salt of butane phosphonic acid, and analogous compounds.

The ester, amide or amine salt portion of the dithiophosphate will generally have from
1 to 20 carbons, preferably 4 to 10 carbons, and from 0 to 5 nitrogens (when the
amide or amine salt is employed, that portion preferably has from 1 to 3 nitrogens
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Exemplary dihydrocarbyl dithiophosphate amides include the ethyl amide
of di-4- methyl-2-pentyl dithiophosphate, the butyl amide of diisoctyl
dithiophosphate, the aminoethyl amide of ditetrapropenylphenyl
dithiophosphate, the diamino diethylene am-,side of
ditetrapropenylphenyl dithiophosphate and diamino diethylene amide of

th I hexyl dithio al r
Wg!)rtrll?ﬁgﬁrr?) SIY are t %?y %%%3’/ r}acarctln Feo? Eeo(??(ocaéo ggg |op 0Ss hl:)!(gr}ll(t:3 g%%r
anmiith & mnem mmdmm@wm@mm@zm drmydmbamyntpmmmmh@ﬂl

dithi.o horic aC|d will I
606% erahf fl?r)o%lg %%Sr%%%gsgand égégl%ﬁ tgr%ig(l)y r[c%%% ?’h %O(éaarrli)oélns.
grAgpreferred to hereln, the term "hydrocarby!" represents a monovalent
organic radical composed. essentially of hydrogen and carbon, but minor
amounts of inert substituents may be present. The hydrocarbyl may be

Em'rphm dilrpdnaigion! atityotbanpbeinbiniis iac s Bt oty exaifiprel di-4-
ifios. Aih arttopralaalind. aloleyeinallivo flgis s max@ﬂq&qmam the

ally'unsaturated. Exemplary hydrocarbyl groups

annnhﬁﬂe{hmlf@ft oémsﬂtrmwnmﬁqnw@mhﬂmhméhwﬂlm%@ky ene
NEV L Aevb IS0 g IR RSN RS2 L S YIRS REPBE WIS Y i -

d”lalpropenyp en etrapfopenylphenyl, tolyl, etc. The primary, secondary

ZQtMHIdnywdﬂﬁeaﬂbWQ tfps may be employed, but the branched-chain,
primary groups are preferred, even more 25 preferred are mixtures of
aliphatic groups and in a preferred embodiment, at least 75 mole percent

m@@@mwrm@nwh@mwraﬁawéﬁmmﬁé@fmMdrhgﬁﬁw@byl

O FRBtRHEIERARlY &&EH&%“&%@Q&E@Q With & 7BC THtBYdrocarbyl
Par cularly preferred metal dlhydrocar ﬁ/ %gosphorodlthloates include the
Y

p%ﬁ@%‘?ﬂfﬁ%%hmﬁf&h%éﬁ&‘ﬂé%ﬁtﬂ geslRtAdsie 8 S Ync

pUERGRNOSRNAIES NChuEisiY) RARABOLRINDSy 4680163 B 2% referred
3 151,075; 3, 385 791, 4, 377 527; 4,495,075 and 4,778,906. Each of

 torheesanp e tEs THEB SRS FRIRSIF 5 A roRIRYRIEHOBRaR e A copaposed.

es%&iﬁmﬂ%aéfﬁ Jacoity dhacaryhoihionhesehdesdnalude s dins May be

dithio hate, zinc butyl isooctyl dithiophasphate, zinc

DR @@@ﬁ@y ARFdIERIe R AN ERpEpnations
aditienbesphalfe 2 Zaﬁ&wlabheasya@mtagﬂpmgmwaamp liisastyimay be

sggp;%?&?’%%?ﬁ?gcazli?f%nslggl)égtlegilth‘l)?epmhgég)y falg(edrcz)!:g?byi groups include methyl,
ethyl, propyl, butyl, pentyl, 4-methylpentyl, 2-ethylhexyl, hexyl, octyl, isooctyl,
stearyl, phenyl, benzyl, ethylbenzyl, propenylphenyl, dipropenylphenyl,
tetrapropenylphenyl, tolyl, etc. The primary, secondary or tertiary hydrocarbyl groups
may be employed, but the branched-chain, primary groups are preferred, even more
preferred are mixtures of aliphatic groups and in a preferred embodiment, at least 75
mole percent of sec-butyl alcohol is used and preferably combined with 4-methyl-2-
pentanol, and most preferably further combined with a zinc metal. Particularly
preferred. metal dihydrocarbyl phosphorodithioates include the zine dithiophosphates.
Patents describing the synthesis of such zinc dithio-phosphates include U.S. Patent
Nos. 2,680,123; 3,000,822; 3,151,075; 3,385,791; 4,377,527; 4,495,075 and

4,778,906. Each of these patents is incorporated herein by reference in their entirety.
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5 diphenyl dithiophosphate, zinc diethylphenyl dithiophosphate, zinc
diamyl dithiophosphate, zinc butyl phenyl dithiophosphate, zinc
dioctadecyl dithiophosphate. Alkali-metal borates or hydrates thereof are
well known in the art as extreme pressure additives and are available
commercially. Examples of the alkali-metal borates or 10 hydrates thereof

include potassium borate rate and sodium horate hydrate represented
B R B B R SR A AR o et
ditiydrhteslare, fonekatylpreoptdphrediipshbaste pgiofldibsotiing-patassiuim

‘ . 4 . . o cicd i wat ) Cratio of
D e S R R P S
ditbiaphgedesn/alkaliisecty), didugishesdintg tase diliisnl i dropitp sdlattonine
di%ﬂ@ﬁ?i%ﬁﬂi@pﬂ%%@t&'Eglﬁ“&&ﬁﬁﬁi Al SHIRRSALA0AS GRS,

lispérsant of succinimide type, and allowing it to react'to obtain tLe
difaejreesiiratann they fohenst ditiopbesidini aidof s denicledriapwedute.

lubricating oil composition of the invention comprises the alkali-metal

borate or hydrate thereof in an amount of 0.04 to 1.0 wt. % in terms of

ABsibmeghtaticplsidrbhierstare Baltknewmdrdlsrefbralsieo8s pregsere

adifified iR a&e%ﬁa@@é@ﬁ&%@gﬁa@fﬁgm1@&8&&%&1{%&%@!&%%@&
borate or hydrate thereof in the lubricating oil composition, if OLOA 9750

hyénaise brafdordude pefassiimbesrstbydipie ared cothiebermy vditble

reﬁﬁ%@%&&?y eni e RmRa Ry d-LEAd 19 ivly. bereR COREN: B8 8tate

%) is employed as the alkali-metal borate. 25 One type of copper

hyatss R ifhiBROFR lnnrepPaEs By tseticrs tedbieadtig polass vy Eprsiligm)
nRBYREssshaldhiazales Wiazolsuiandhthiadiazoles, Easrnias nelidg ctal

benzotriazole, tolyltriazole, o_c%ltriazole, decyltriazole, dodecyltriazole,

(Polpseita T fodIROHRIG IR 1 Bhaiise abto 1t A xihaniyalieali-metal),

didpBNSEGAPOse iy SHARaEPYIINIQ RRIdaDdntRIRRIAAQ8Sral alkaline earth metal
2-mercapto-5-hydrocarbyldithio-1,3,4-thiadiazoles, 2,5-
Suﬁ%?ﬁ%‘?ﬁéﬁlw 6)11fﬂ?,r&?fﬁi8€i§éf’26’|’é’§?lgﬁdype= and allowing it to react to

obAanRig(aysireganuistithiond B4n tiadisgalasnThriarefarRd SAPROUNES pear
are the 1,3,4-thiadiazoles, especially the 2-

luRGGREEE By RATARS BUAR ALABEd ™ U OH ARSI dRepdfranotal borate or
hydbig(¢rre resaibyigithie b 24,3, 4-thindinzalesna Beeish ebubigh are
c?mm]ercially avag'lable. Other suitable )

preferably 0.057%o 0.6 wt. %, more preferably 0.08 to 0.5 wt%. This amount
corresponds to about 0.6 to 15 wt. % of alkali-metal borate or hydrate thereof in the
lubricating oil composition, if OLOA 9750 (dispersion liquid of potassium borate
hydrate, commercially available from Chevron Oronite Company LLC, Houston TX,

boron content: 6.8 wt. %) is employed as the alkali-metal borate.

One type of copper corrosion inhibitors which can be used in the practice of this
invention 1s comprised of thiazoles, triazoles and thiadiazoles. Examples include
benzotriazole, tolyltriazole, octyliriazole, decyltriazole, dodecyltriazole, 2-mercap-
tobenzothtazole, 2,5-dimercapto-1,3,4-thiadiazole, 2-mercapto-5-hydrocarbylthio-
1,3,4-thiadiazoles, 2-mercapto-5-hydrocarbyldithio-1,3,4-thiadiazoles, 2,5-
bis(hydrocarbylthio)-1,3,4-thiadiazoles, and 2,5-bis(hydrocarbyldithio)-1,3,4-
thiadiazoles. The preferred compounds are the 1,3,4-thiadiazoles, especially the 2-
hydrocarbyldithio-5-mercapto-1,3,4-dithiadiazoles and the 2,5-bis(hydrocarbyldithio)-
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inhibitors of copper corrosion include ether amines; polyethoxylated -
compounds such as ethoxylated amines, ethoxylated phenols, and
ethoxylated alcohols; imidazolines; and the like. 5 Suitable antifoam
agents for use in the compositions of this invention include silicones and
organic polymers such as acrylate polymers. Mixtures of silicone-type
1 37HIRAM AARALS, SUER BSPEliaHig b%ﬂ%é%%?%ﬁ?%%%ﬁ%ﬁ%’%ﬁ%@‘s’ a2
other substances are also effective. Typical of such mixtures are S|hcones
intniviéet wifleeppaocansime ipolyiserthsilivones miXedtvayy i sompeends such
. ilicon . . : ! er
S A A Pl
arphihtialikatty acid ester of a polyhydric alcohol (U.S. Pat. No. 3,235,498);
(i) an alkoxylated partial fatty acid ester of a polyhydric alcohol (U.S. Pat.
No. 3,235,499); (iii) a polyalkoxylated aliphatic amine (U.S. Pat. No. 15
Swiiabls, B0y fpamdgensaiepike iy B eoanpstienactd fus Sreatiayonclude

si gc%ﬁ%%%)o&%g‘ff&%?&? RSADEY RISRAOPImR U %H%@&f@ﬁiﬁdﬂ@(%pe

e a single compound or a mixture of compounds having the property of

affBRgeBrBsibaohfeitud d#diel slisrrerobmaTiatbiakaneRiGer
sdiksqluble managatboxylie, 3 SuehiAs % 2 0-e thy BeXRRRIcA%id: (PG,

acid, myristic acid, palmitic acid, oleic acid, linoleic acid, linolenic acid,

agsElabhpe Lysg!-cakigfacadrix edvitiRpe ipsmiens e pige b sijionesdgixed with

oM ERE dimaE antJMAE el Siieh AHALRATHRRLHRB I Ak ity

acids, oleic acid, linoleic acid, or the like. Other suitable corrosion
dipsthibidipac a8 BB A peeiRkiatineif sotrer tadaliBydiigriephebbins
PAON5 MOFS GaRION; RIAMR 3 IaHA basi SOfBYaTRI G HR BRRAYIGHE GiRithol

acid, tetradecenylsuccinic acid, hexadecenylsuccinic acid, and the like;
(Yond ehaif-aigha-isdidr arbelbnedied sHptmsniones & ddight¥ange
3.066801p 3Q08: pid Arby R anaiRrirle (Vherhibrsating gnmositions

contain on or more of the above mentioned additives, 30 each additive is
typically blended into the base oil in an amount which enables the

TREilyRIRiIeVIde sslesiiemh MAGiomiRen egapiative.eHesive sbnqiilsd or
listed as mass percent active ingredients when used as an engine oil and

a prfars il erRdadev o RERtRRSHI s R e e asiamiRficTsa metal
supPRchdCE fheateMantianiiiend Q. &h#le monocarboxylic acids such as 2-

ethylhexanoie acid, lauric acid, myristic acid, palmitic acid, oleic acid, linoleic acid,
linolenic acid, behenic acid, cerotic acid, ete., and oil-soluble polycarboxylic acids
including dimer and {rimer acids, such as are produced from tall oil fatty acids, oleic
acid, linoleic acid, or the like. Other suitable corrosion inhibitors include
alkenylsuccinic acids in which the alkenyl group contains 10 or more carbon atoms
such as, for example, tetrapropenylsuccinic actd, tetradecenylsuccinic acid,
hexadecenylsuccinic acid, and the like; long-chain alpha-omega-dicarboxylic acids in

the molecular weight range of 600 to 3000; and other similar materials.

When lubricating compositions contain on or more of the above mentioned additives,
each additive is typically blended into the base o1l in'an amount which enables the
additive to provide its desired function. Representative effective amounts listed as
mass percent active ingredients when used as an engine o1l and preferably a crankcase
lubricant are illustrated herein: multifunctional product of the invention from 0.01 fo
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25 10 and preferably 0.5 to 5; ashless dispersant from 0.1 to 20 and
preferably 1-8; detergent from 0.1 to 15 and preferably 0.2 to 9; metal
dialkyl dithiophosphate from 0.01 to 6 and preferably 0.05 to 5 based
upon phosphorous content; antioxidant from 0 to 5 and preferably 0.01 to
1.5; pour point depressant from 0.01 to 5 and preferably 5 0.01 to 1.5;

antifoamin from Q to 5 and preferably 0.00 0.15; emental
R e e b S RN o0 pbed SRS S
detereantropréférably 0o irefisdasity o difieetabidiOky Bitncpbrefdratblfrom
01 to 4; with th  being in weight percent based upon.the. total
0 i e B S Bl RS R A DE 81R o
0 @ Gead gitdiadiadion in hg rngeeit0dppistedt dyawd. Howévard preferably

¢ I - lubricai Dositi o :
o L R B S b 08 B S
antihaveautifamistional (roducerdftcblyvBiodk. & Siifftiszeabd|&tin fe09)tte 5. endt
pr%er'zﬁafﬁ N3 P,f ﬂggoss?t?orh%lﬂ?ffé? '}{8{};‘ 8 fttfg lgt?gs E)Pé}grgﬂallg ?)I.Wfl?o 4; with the

osphorous containing compound selected Trom extreme pressgre
abayehisrand antcigeragbhtsed Gorothietoi W8ightnidrarouiioetaen.

Ac?&%toe%%%j and KQH%P%%QQ@&Q& yf.%@'ifeih?%E??Jnﬁxgiﬁﬁmﬂl'i’hdéd%%%easl

gear tating further comiprises at least one of the following addit
departrdarrents: Boivey &t eférablyeel sgpohibinisatisg howpesidonlshomites: a

m%%g?ﬁ?m{?%f) il%t;'g%%c%ﬂﬁﬁﬂk%%ﬁﬁim@é% QL d0 gr&éegbf{p@ﬁg%.o wt.

e weight o lubrication composition of at least one copper

Yeotitosionliifhitstion20 wedsc. 1 Wt 9xtd0csasediupae isfiveigRe opsaftvt. %
in'té!?ﬁ'l%go;@d e sition,efatleastene foam BRIbILYH RPRL BRI Qi king-

% % the weight of said lubrication composition of at least one
coannivund ageriedNbivatesne ertpaNes 2kl sad e thd Gt epé Bt

oS dRHERHB0: S COnaE BIRAIRS LTS L R R alLY DE udschieany

0 to 10 weight percent of an organic liquid diluent and from 10 to 90
sugleiear plvdeHer rEhs arRiesplerstiencotliths fallemtina additieal, the
conRtRRtaes rentRiniicignhdiugpiie pinke hamieravda banflRition of

during shipping and storage. Suitable diluents for the concentrates
atilsari geeashiers ignesARtPerdeabR wh Gibarsdpmenthy vieebsief satithat
mﬁggﬁ%ﬁt}ﬁa@ﬁf&m@m he,seatl v aphed MLPEAERS 0D IO IEPHE %
based upon the weight of said lubrication composition of at least one foam inhibitor;
and, 0.01 to 0.1 wi. % % based upon the weight of said lubrication composition of at

least one antirust agent.

Additive concentrates are also included within the scope of this mvention. The
concentrates of this invention usually include from 90 to 10 weight percent of an
organic liquid diluent and from 10 to 90 weight percent of the multifunction product
of this invention. Typically, the concentrates contain sufficient diluent to make them
easy to handle during shipping and storage. Suitable diluents for the concentrates
include any inert diluent, preferably an oil of lubricating viscosity, so that the
concentrate may be readily mixed with lubricating oils to prepare lubricating o1l

compositions. Suitable lubricating oils which can be used as diluents typically have

* viscosities in the range from about 35 to about 500 Saybolt Universal Seconds (SUS)

at 100° F (380° C), although an oil of lubricating viscosity may be used. The present
- 26 -
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compositions. Suitable lubricating oils which can be used as diluents
typically have viscosities in. the range from about 35 to about 500 Saybolt
Universal Seconds (SUS) at 100 F (380 C), although an. oil of lubricating
viscosity may be used. The present -26 concentrate will typically contain
about 20 to 60 wt. % of the multifunctional product or post -treated
product. PREPARATIONS AND EXAMP? 2A £ ther erstan 81‘
COE R TON CA DR RARBIB GG RO R R Aot
orfp@mpiesd\Whaigin unless expressly stated to the contrary, all
temperatures and temperature ranges refer to the Centigrade system and
the term "ambient" or "room temperature” refers to about 20 C - 25 C.
PRERAATIONSNNID EX METEES to weight percent and the term "mole" or

s" refers to ales. 10 The r t refers t
A S e B S e B Wy Sectag Gy
Pr&pﬁﬁ&ﬁﬁmgﬂeﬂcﬁmﬁleecmmmmaﬂmmmesmem of fimiteomoles, zdt
finite wer rvolum EXAMPL eparati
T DSV ST BRI g R g o
" apciiiitied Ti@3glenQiki e WMMW%BHDW%?JSCWE mmrmyMQent" or
SAP# 178 8mgKOH/q) with tr,)lu ne. A,.ma,gney F‘srtlr};)ar was u
éort?omsr i T rﬁgxt re%t Wagei"lee%ed‘un er nltmogen 558 & "V\%m% Re
Thmrtdure"b@dvﬂanﬁeﬁféﬁ ©, BBy 00 23 enbé @8l diamitesnaptihaleles of
the' grec FF ed tro sgl]c% & g%tgorrea'é/tlzll)r(l urrc? h&a‘t 0.5 %611)?1:68]?%% ﬂ}eftr?kuenqgies
a't& refiu 1or approx. ours Kiter ours temperature
owastinereglsed t@ll@icC and nrtrogen was bubbled through the product to
remove the toluene. The final mass of product was 10.93 g. 25
EXAMPLE 2: Preparation of a 1,8-DAN Derivative (1000 PIBSA; 2:1
CMR) In a 50-mL reactor was dé¥w¥idtl.8.:239/0.00431 mol 1000-MW
polyisobutyl succinic

EXAMPLE 1:
Preparation of a 1.8-DAN Derivative (550 PIBSA; 2:1 CMR)

In a 50-ml. reactor was combined 7.33g/0.0117 mol 550-MW polyisobutyl succinic
anhydride (SAP# 178.8mgKOH/g) with 6.02 g toluene. A magnetic stir bar was used
to stir the mixture as it was heated under nitrogen to 95 °C.  When mixture had
reached 95 °C, 3.65 g/ 0.0231 mol 1,8-diaminonaphthalene was added to the reactor.
Mixture was heated to 116 °C and the toluenc was allowed to reflux for approx. 2.5
hours. After 2.5 hours temperature was increased to 121 °C and nitrogen was bubbled

through the product to remove the toluene. The final mass of product was 10.93 g.

EXAMPLE 2:

Preparation of a 1.8-DAN Derivative (1000 PIBSA: 2:1 CMR)

In a 50-mL reactor was combined 6.23g/0.00431 mol 1000-MW polyisobutyl succinic
anhydride (SAP# 77.9 mgKOH/g) with 6.01 g toluene. A magnetic stir bar was used

to stir the mixture as it was heated under nitrogen to 95 °C.  When mixtare had
reached 95 °C, 1.35 g/ 0.0085 mol 1,8-diaminonaphthalene was added to the reactor.

Mixture was heated to 116 °C and the toluene was allowed to reflux for approx. 2.5
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anhydride (SAP# 77.9 mgKOH/g) with 6.01 g toluene. A magnetic stir bar
was used 30 to stir the mixture as it was heated under nitrogen to 95 C.
When mixture had reached 95 C, 1.35 g / 0.0085 mol
1,8-diaminonaphthalene was added to the reactor. Mixture was heated to
116 C and the toluene was allowed to reflux for approx 2.5 -27 hours.
After 2.5 h erature was increase nitrogen wa
DT G E BRI TG EHAD Bihes P HHAPTLe yubbled
thipsagl ﬂﬁe\/\;ﬂ@db&&@reﬁ%f&lﬂﬁh&&rﬁ Préparatigmebadf bridt Besivalive.
(550 PIBSA; 2:1 CMR) This product was prepared in the same manner as

Example 1. Thus, 8.92g (0.00852mo1) of 1000MW PIBSA, 3.10g
EX0I70m831) of 1,5- dramrnonaphthalene were reacted to prepare a dark

Tlirs@mmrllubewkepwa&ﬁep&edmlmmﬁ@%@m@bdeﬁbmn&%rn 36.49g

e é,spég I
(Od@%%znrgl c(?;‘rfg\(l)gsﬂ combined g?g%hgﬂsgg dégf%gipg%gﬂgtg ?ln gg met%
wsegmeantethiveprapals aedaingsié Qf@drmmimfg\’»twﬁ@héﬂﬁ induhixtareseid
stirred by a magnetic stir bar and heated to 50 C. When the mixture

reached 50 C, 2.12g /0.0022 mol of the molybdenum oxide slurry was
EXddd@iid the reactor. The reactor was then heated to 85 C for 45 minutes

pileR. 108 (RResaIe AR INEEeRad {0 103 Gianebatiawest {a el for

1.2 hours. After 1.2 hours, nitro §gel‘l was bubbled through the prOdUCt to 20
InciriV &Rk sl arns PIRBATSLroMATIaes S hamehhideapmeideas Aisved

dSBAIAG Was Paited AndiheLeRa100 WRsHBRIEH tohiBthGHN anitsegsn,

environment. After 45 minutes, SE)ar ing was reinitiated until all of the
regplo it ermbinele deEHal mdee!of proatdesiieads indhy Sone SoamIst B 5:

efarﬁger@trerhof AMerRes!- Tgatedd. & RANDeVEIVE AR RIBE S 4 dnd
In a 150-ml, beaker was pﬁﬁﬁared a slu\)‘é&ef 3.3 mol)ébdenum

h‘%ﬁ?&’é‘?r?@GQg“ﬁéi%rﬁiéH‘%’f%Fe dsffufiort othed to
meiQrEniba HxRAOQE: was added to the reactor. The reactor was then heated to

85 °C for 45 miutes then the temperature was increased to 101.3 °C and allowed to
reflux for 1.2 hours. After 1.2 hours, nitrogen was bubbled through the product to
drive off the solvent. After approximately half of the solvent was removed sparging
was halted and the reactor was heated to 130 °C n a nifrogen environment. After 45
minutes, sparging was reinitiated until all of the solvent was removed. Final mass of

product was 5.75 g.

EXAMPLE 5:
Preparation of a Mo Post-Treated 1.8-DAN Derivative (550 PIBSA: 2:1 CMR)

In a 150-ml. beaker was prepared a shurry of 3.3g molybdenum oxide in 36.4g
deionized water. This solution was heated and stirred to uniformity. Ina 50-mL
reactor was combined 5.0g/ 0.0035 mol of a product made in the same manner as
example 1 with 5.5 g toluene. This mixture was stirred by a magnetic stir bar and
heated to 50 °C. When the mixture reached 50 °C, 3.41g /0.0035 mol of the
molybdenum oxide shurry was added to the reactor. The reactor was then heated to

85 °C for 45 minutes then the temperature was increased to 101.3 °C and allowed to
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reactor was combined 5.0g/ 0.0035 mol of a product made in the same
manner as 30 example | with 5.5 g toluene. This mixture was stirred by a
magnetic stir bar and heated to 50 C. When the mixture reached 50 C,
3.419g /0.0035 mol of the molybdenum oxide slurry was added to the
reactor. The reactor was then heated to 85 C for 45 minutes then the
B MAETPAIRAON C AU AR I BRSO
1Fe%fours h 1‘1? hf)%%r%? nsl'%o%gn was rE)lbled roug fwo ro ? tto drl\(/)e
drofé tfé @olveﬁemftérft@p proxiristelyl halbpfHbeseilent was ransovddparging
wEPRIAEARSRIEA AN R IR ALY aE RPRIRGIO-A I b A DITOAER, 45
environment. After 45 minutes, sparging was reinitiated until all of the
mBvitEsNHWEETE m@we@nﬂﬁa{im@a&ostbmuwm/a%rae@vewﬂmﬁw of
rgﬁgaa‘%g%n gfga Boric Acid Post-Treated 1,8-DAN Derivative (1000PIBSA;
1 CMR) In a’l50-mL beaker was prepared a solution of 1.95g boric acid
in 29.249g deionized 10 water. This solution was heated and stirred to
Eﬁﬁi@f‘ﬂj‘_% In a 50-mL reactor was combined 73g/ 0.0028 mot of a product
made in the same manner as example 2 W|th 4. 2 g to}!uene ThIS mlxture
a : iE3 : ANH HIPA e{1Q . !

znrsa}@be{iﬁﬂe&é @%9 49»9&&2& mﬁ &f ah%pp @s @85115%&1% mgaqehe@h&ed

the reactor. The reactor was then heated to 85 C for 45 minutes then the

walsiehipe sl hes hepbeta et o CuRIRIRwEy Ac tenind srtprovas
ciMERAATtes/ b 2ohowrsi Bitiagenwas RubBleskthRuGh-thR LI dkehin drivath

off the solvent. After approxmatel half of the solvent was remqgved

4. 2R v a B IR R P Hsd B vmesnsiie o asene hsateditfode -

weRvire mentrAfec & mindtes sopanging nas! iFiniiatad: uatl adiefisheyas
solvent was removed. Final mass of prod uct was 5.56 %3 20 EXAMPLE 7:

addpddathfgRastol B TARSIPPEAL. Frakbsald éoﬁmﬁ‘o@ﬁ TS STEEA.
tedigel iR 1ol id-dacakes WA pEpatediavaalutiemik1Ea5gbesia-acifier 1.2
29.24g deionized water. This solution was heat d}gtlr dto
R Ny LN TR A Y S
apedushifgdRiNh@ SesheMans eEras PRI I WIHR halted and the reactor

was heated to 130 °C in a nifrogen environment. After 45 minutes, sparging was

reinitiated unti! all of the solvent was removed. Final mass of product was 5.56 g.

EXAMPLE 7:
Preparation of a Boric Acid Post-Treated 1.8-DAN Derivative (550 PIBSA; 2:1)

In a 150-mL beaker was prepared a solution of 1.95g boric acid in 29.24g deionized
water, This solution was heated and stirred to uniformity. In a 50-mL reactor was
combined 5.7g/ 0.0040 mol of a product made in the same manner as example 1 with
4.6 g toluene. This mixture was stirred by a magnetic stir bar and heated to 50 °C.

When the mixture reached 50 °C, 9.07g /0.0052 mol of the boric acid solution was

- added to the reactor. The reactor was then heated to 85 °C for 45 minutes then the

temperature was increased to 101.3 °C and allowed to reflux for 1.2 hours. After 1.2
hours, nitrogen was bubbled through the product to drive off the solvent. After
approximately half of the solvent was removed sparging was halted and the reactor
was heated to 130 °C in a nitrogen environment. After 45 minutes, sparging was

reinitiated until all of the solvent was removed. Final mass of product was 8.87 g.
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4.6 g toluene. This mixture was stirred by a magnetic stir bar and heated
to 50 C. When the mixture reached 50 C, 9.07g /0.0052 mot of the boric
acid solution was added to the reactor. The reactor was then heated to 85
C for 45 minutes then the temperature was increased to 101.3 C and
allowed to reflux for 1.2 hours. After 1.2 30 hours, nitrogen was bubbled
through the product to drive off the solvent. After approximately half of the
solvent was removed sparging was halted and the reactor was heated to
EXAMEIIE S hithogDeGUiMAmR AT IAMTeEXBMINUESS Aspaibind was
o reinitiated ungil all of the salv oved. Final mass of product was
Pr%‘.’%‘?tt‘g‘?“fgir;g){ﬁ“ﬂ»‘%?"’a%“iﬁ%%%gg%npARATNE EXAMPLES A AND B:
Sip repduationest prepaighinorap RS bervitiassinrogaeter ey factured
Wﬁ@&ﬁ%ﬁéﬁ%@*ﬁ@@éﬁ sxalatipn paralehipactrmanuiasiiieshodty

em scientific. To each of six 50ml reactor tubes was added about 20g

 reagenégrysisttghaene widerdBRA AarimsarrbinegehdensisobafreAetdiPep Mo,

and20OP IS Map it DIRTUNERARNRAIERRIALRRRHELY FQBp A IGhe

Chemical Company. The reactors were stirred under nitro(gen and heated

regotpssiweros Bl usdes ms orR 658 hetied thEHIBYBpIed Mt cUyRBabfitrogen

wigaiorangithedempe e was N easetinA30G 1Q:sueh-ibal taluene:

and water were removed. After the products were cooled to room
sw@w%@ﬂuﬁaer@atmtﬁ%@ezr@wﬁfiiﬁé@ﬂé}&l&f%}%&%ﬁ&%@ﬁ@a@@m
tefiYAfal0Rd R BabF RS ObdrEkivalarashol apdy SidllinreslidarRerrialed a

_ correlates to Example 8, the remaining particulars of the reaction

mEgHEIRS Rl erlensdpihandisestalinersebiis Rogsdeslprarelfies ty Example 8,

thd SRANRSHVAMES Brampiaion BIBSAu i BSAulidB2Av4pRl 11.8-DAN,
g CMR mw 1,8-DAN:PIBSA Example 8 550 5.7 0.0091 4.29 3:1 Example

9 550 9.0 0.014 4.55 2:1 Example 10 1000 10.2 0.0071 3.33 3:1 Exam le
11 1000 11.9 0.0083 2.63 2:1 Cqyparptive 550 13.1 0.021 3.31 1:1

Mass and CMR of 1,8-DAN Denvatives

Example No.

PIBSA,
mw

PIBSA, g

PIBSA, mol

1.8-DAN, g

CMR
1,8-DAN:PIBSA

Example 8

550

3.7

0.0091

4.29

3:1

Example 9

550

9.0

0.014

4.55

2:1

Example 10

1000

10.2

0.0071

333

3:1

Example 11

1000

11.9

0.0083

2.63

2:1

Comparative
Example A

550

13.1

0.021

3.31

1:1

Comparative
Example B

1000

11.6

0.0081

1.27

1:1

20

25

COMPARATIVE EXAMPLE C:
Preparation of 1,8-DAN Derivative with 550 PIBSA and 1: CMR

In a 50-mL reactor was combined 5.89g/0.0093 mol 550-MW polyisobutyl succmic
anhydride (SAP# 178.8mgKOH/g) with 7.96 g toluene. A magnetic stir bar was used

to stir the mixture as it was heated under nitrogen to 95 °C. When mixture had

reached 95 °C, 1.35 g/ 0.0085 mol 1,8-diaminonaphthalene was added to the reactor.

Mixture was heated to 120 °C, cooling water was initiated, and the toluene was

allowed to reflux for approx. 2.5 hours. After 2.5 hours cooling water was disengaged

and nitrogen was bubbled through the product to remove the toluene.
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Example A Comparative 1000 11.6 0.0081 1.27 1:1 Example B
COMPARATIVE EXAMPLE C: Preparation of 1 8-DAN Derivative with
550 PIBSA and 11 CMR 20 In a 50-ml, reactor was combined
5.89¢g/0.0093 mot 550-MW polyisobutyl succinic anhydride (SAP#
178.8mgKOH/qg) with 7.96 g toluene. A magnetic stir bar was used to stir
h under nitrogen to 95 C. When mixture had
PER M@%—%% mol 1,8-diaminonaphthalene was added to
THiheateAatoforivikiticasnvaspheaid bt iR pdeolitiy Watenad mitiategand
the toluen was 25 allowed to eﬂux for appro 2.5 yrs. After 2 hours
R S W A e e A PR The
mcpnddd(ﬁmhambve(ﬂnemmliﬂéam emPEﬁﬁ@RNAN%OEXWMEQGﬁtemed

el efor tions e e e formylat
O G R A A o b Ay SRR g cvene
cafhariicu Ipmsptﬂrqmgé btbms:emmidddtk@a@@ﬁné 4 aJG%@[S BB simwheiic
Slt q, f W20 th t (V
Suﬁl ﬁ%na e, 4 wt E Sﬁ%%b%n g?%v%%%t etﬁyl‘éqne Cc H%#aﬁlﬁg}gg&s
quehmtrﬁatéﬁkdmssﬂmmmbaf ausmpsamtgmdemﬂﬁw&aftm HOBisydtett %
of P AIAE I AiRRGAndan. AR PRI AN URARIY dRtsant

iImprovers. Bas roup II lof a viscosity grade of 5W20
1 ma‘t/a:mméas Sulforade, 2chriolacd HidS mhidete.dpé-wibhaléaukaondary
o B ok e ol BEATS L s I
Baatdolo}: ZnDRRire @ W% %1Wéatfaiﬁiﬁ@ﬁm$@ﬁl damyy 1%@\;@@@@@1%@( mn
an'gb%gwegle g %?Ii% §n@ cfﬁ@‘ﬂéﬁecr 1%&15?'%@ Eﬁlg%@ﬁﬂé Qng (Zn/Bu II base

viScosity index improver in- an 85/15% blend of 150 and 600 neutral group
ol WaswigiisiBasedine s W rdaparBagedol vita'vietaddPyragear syweesht

et ?e&,%%% f: BotiecdnRia 2300 Mpleriia wRight 19 e}hﬂeé@?a%mg@te

ost-treate blssuccmlmlde dispersant, 1.4 wt. % of a borated
succinimide dispersant, 2.3 wt. % of an HOB phenate, 0.6 wt. % of a secondary

alcohol ZnDTP, 1 wt. % of an amine antioxidant, and a viscosity index improver.
Baseline 5: 10W-40Q group I base oil that contained: 3 wt. % borated succinimide
dispersant, 5 wt. % of a 2300 molecular weight ethylene carbonate post-treated
bissuccinimide dispersant, 0.5 wt. % of an LOB sulfonate, 5 wt. % of a salicylate
detergent, 0.6 wt. % of a secondary alcohol ZnDTP, 0.4 wt. % of a molybdenum anti-

oxidant, 0.5 wt. % of an amine anti-oxidant, and viscosity index improvers.

EXAMPLES 14-19:

Oxidation Inhibitor Performance - Antioxidant properties

Oxidation studies were carried out in a bulk lube oil oxidation bench test as described
by E.S. Yamaguchi et al. in Tribology Transactions, Vol.42 (4), 895-901 (1999). In
this test the rate of oxygen uptake by a given volume of oil, with added metal catalyst,
is monitored at constant pressure and temperature, 171°C and 2pstg O,. For the test
results reported in Table 2, the time until a marked increase n the rate of oxygen
uptake was observed, is reported. The products of Examples 8-11 and Cormp.
Example 1 and Comp. Example 2 were top-treated to baseline 1 such that the treat-
rate of the 1,8-DAN derivative was 1 wt%.
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succinimide dispersant, 2.3 wt. % of an HOB phenate, 0.6 wt. % of a
secondary alcohol ZnDTP, I. wt. % of an amine antioxidant, and a
viscosity index improver. Baseline 5: IOW-40 group Il base oil that
contained: 3 wt. % borated succinimide dispersant, 5 wt. % of a 2300

molecular weight ethylene carbonate post-treated

20 bissuccinimide

dispersant, 0.5 wt. % of an LOB sulfonate, 5 wt. % of a salicylate
detergent, 0.6 wt. % of a secondary alcohol ZnDTP, 0.4 wt. % of a
molybdenum anti- oxidant, 0.5 wi &8DfFan amine anti-oxidant, and

viscosity index improvers. G{AMBLES:14e10125

Oxidation Inhibitor

| PdrRHammCamARIDPEaatpiapesies xidation stu

dies dvere: ¢antisid oLt ime

a bulk lube oil oxidation bench test as described by(H:S) Yamaguchi et al.

| Bdgelnbology Transackipns, Vol.42 (4), 895-901 (1999). In this tgst the rate

| Exohexxaen uptake by exgyermsiimsoptairvgtinadded metal caalyst, is

EReNKored at constant,pressigs anddeomeratyne, 171C and 2psigi02. For

E3, 5651 80 TeSUITS TepRriasl PRI GhUNeNime Gyl 8 marked ingrease in

ELRG 81§ PTOXygen Uplake WaB ORSRIVEA MREPHt

¢d. The proasigts of

[68 11T and SgparkxaNile A and Comp.
top-treated to baselipgrhsuaisthatine {rept- rate o

xample 2 Vgefe
f the 1,8-DAN derivative

Cméﬁv@z ST TABEEZ, CXiflatig TEStResults
Preparation Examp@%gilgt[%én@mpﬁme (H

erformance ggample
s) Baseline 1 N/A _

84 |:xamp|e 1Z2EX. o PIBSA 50U, CMIR 571) 10.4

xample I3 EX. 9

(PIBSA 550; CMR 2:1) 12.4 Example 14 Ex. 10 (PIBSA 1000; CMR 3: 1§
Tigse Eselin 1Bor5 hat the P SImctvne] comprepndsebthe spveaiamEs 12-1

arg%gﬁ@t%?nﬁa&a@l& of QIR RO MR i ORRANINEIR baseline 1.

Comparative.Ex. A 9
The lower molecular wa1ght compounds show directional

improvement in ability to

inhibit oxidation. Especially notable is the unexpected improvement in oxidation

inhibition time for Example 13. Comparative 1 and 2 show little improvement in

comparison to baseline.

EXAMPLES 16-19:
Four;Ball Wear Test

The Four-Ball Wear Test were performed according to ASTM D-4172. The products

of Bxamples 1, 2, 6, 7 and Comparative Example C were top-treated to baseline 2

such that thf; treat-rate of the 1,8 DAN derivative was abo

shows the wear test results.

TABLE 3
Four Ball Wear Test Results

ut !} wt. %. Table 3 below,

Performance Example | Preparation Example Wear Scar, mm
Baseline 2 N/A 0.485
Comparative 3 Comparative Ex. C 0.469
(PIBSA 550; CMR 1:1)
‘Example 16 Ex. 1 (PIBSA 550; CMR 2:1) 0.391
Example 17 Ex. 7 (PIBSA 550; CMR 2:1; B) | 0.368
i Example 18 Ex. 2 (PIBSA 1000; CMR 2:1) 0.469
Example 19 Ex. 6 (PIBSA 1000; CMR 2:1; 0.662
B)
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(PIBSA 1000; CMR 1:1) 5 These results show that the multifunctional
compounds of the invention (Ex 12-15) are effective for mediation of
oxidation, showing improvement over the baseline 1..The lower molecular
weight compounds show directional improvement in ability to inhibit
oxidation. Especially notable is the unexpected improvement in oxidation
inkibition, time for Example 1.3, Col tive Land o little,
T B b M T R e pormpone
of WearcFestiThenHour-Bahig\test Pesi e prvforntaddaetitie g pRSTa/Ant-
we Bt R LY VAR AR AT R Rehy e 014 POCFHOMBRIANE  dramatic
xg\mple were top-treated to baseline 2° such that the treat-rate of the
imprevBARhtleyivativd swakngbolhdsaressliTeisie: Shaeiphe showlsvther feshrthest
mdﬁﬁt{ﬁéﬁ&ﬁ?l—&:m%&%E@Ma@é‘k‘réﬁé?ﬂ{eE%@trﬁﬂéb},hﬁxp&éf%%@ggu@%%lﬁs

Preparation Example 1 Wear Scar, cmn Baseline 2 N
hagbrparhidR @umpdieriver PrnenocssnrRiBbir §55e oRiR fray BxampRdR;.
or £0ethd ﬁ&’d@%@éﬁa&bﬁg}% %); dnEXATRIEL LOBXCKAGRIBSA 550;
CMR 2:1; B) 0.368 Example 18 Ex. 2 (PIBSA 1000; CMR 2:1) 0.469
Example 19 Ex. 6 (PIBSA 1000; CMR 2:1; 0.662 B) -32 The four ball

pveanhseat 4eshi@sulls indicate the anti-wear properties of the compounds.
of the present invention. In this test, lower wear scars are indicative. of

Sophbisnesraatil@ikar performance. Particularly notable is Examples 16-17
ThYRicailustals agRIAlicdinRyespanexeidharseinaich IRsaKeskis.

show that in the 4-ball wear test, the 5 multifunctional compounds made

raif 4 HENSRIS Aot Aa weigRC B BrREFL s example 25 Was 1 wt. %.

Soot Dispersancy tests were carried out in the soot thickening bench test. This gives
an indication of the performance of these multifunctional compounds. The details of
this test are reported in U.S. Pat. No. 5,716,912. The % viscosity increase, as

measured in the soot thickening bench test, is reported in Table 3.

TABLE 3
Soot Thickening Bench Test
Performance Example | Preparation Example % Viscosity Increase
Baseline 3 N/A 245
Example 20 Ex. 1 (PIBSA 550; CMR 2:1) 205.6
Example 21 Ex. 2 (PIBSA 1000; CMR 2:1) {2105

In the soot thickening bench test, better results are obtained from those samples which
gave lower % viscosity increase. These results show that in the soot thickening bench
test, the mulfifunctional compounds made from the 550 molecular weight polybutene
tails gave slightly better performance compared to those made from the 1000
molecular weight polybutene tails. However, it is notable that both Examples showed

an improvement is comparison to the baseline.
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having a 2:1 CMR gave better performance compared to those made from
a 1:1 CMR;. or even the 1000 molecular weight polybutene tails with a
2:1 CMR. EXAMPLES 20 ANTI) 21: 10 Soot Dispersancy Test The
products of Examples 7 and 8 were top-treated to baseline 3 such that the
treat- rate for example 24 was 2 wt. % and the treat-rate for example 25
9 oot Dispersancy tests were carried out in the soot
Em%%%%%r%h test. This gives 15 an indication of the performance of
Hdenpaedtifpaetianial compounds. The details of this test are reported in

The '&o%&éts%?‘eﬁa%e%lﬁ'STQ‘?d%OV@&%%-'@Qﬁ&%sﬁﬁéﬁa@ﬁﬁéurﬁﬁl{‘tﬁ@?the

soot thickening bench test, Is reported in Table 3. TABLE 3 20 Soot
trephicike Ming) 'BEeh Test Performance Example Preparation Example %

Viscosity Increase Baseline 3 N/A 245 Example 20 Ex. 1 (PIBSA 550;

CMR 2:1) 205.6 Example 21 Ex. 2 (PIBSA 1000; CMR 2:1) 210.5 In the
Theoatiriciesmingy aaeritbatchvedy $ad GraTBPLCs Bty 96 61 Bhve B és
sﬁlxhlgﬁi%ﬂ%\@é&%@gt%ﬁ@wm RUEASRsTNeP S e SHikTI MR o

soot thickening bench test, the multifunctional compounds made from the

fosmi0ond aeilas wEMROPRARIEH ECPBAMSY BEIRh| BOReF Buifdrmsiite
h{;‘i{?@@%%%@n@@é@ dnadefonnthe A00malecuiahwaightRAlybitene tails.

However, it is notable that both ExampTes showed an improvement is
MBS PR B8R Eaten pRiAhwtERedHios loghesieraty ranvhals
wdSTROGRIQHIGLS i exampless/inBraatsh 1Y) Yeladanieatesinierbaseline

4 such that the treat-rate was | wt%. 5 The anti-wear properties of

spraeaImiiae st @ bduhieg s 5ansach ohithsenelimys cilird Ngihe new
faWSAY destshbine d88taihisdemenraimpied i asmal@ading RIS ihAf the

crankshaft, cylinder liner, and carburetor indicated abnormal wear or imminent

failure. Prior to any testing, each engine was run-in using conventional engine o1} for
10 hours at a speed of 3,000 rpm and a specified load. The engine was prepared with
the test oil and a run-in period of approximately one hour was conducted at the onset
of each trial with modified engine operated under load for the remainder of the test.
Camshaft wear was measured by comparison of the cam profiles before and after each

test. The results are shown m Table 4.

TABLE 4
Engine Test Results
Performance Preparation Example Can Wear (in)
Example Intake Exhaust
Baseline 4 N/A 0.01065 0.00284
Example 22 Ex. 1 (PIBSA 550; CMR | 0.00453 0.00060
2:1)
Example 23 Ex. 2 (PIBSA 1000; 0.00231 0.00021
CMR 2:1)
Example 24 Ex. 5 (PIBSA 550; CMR | 0.00451 0.00075
2:1; Mo)

These results demonstrate the wear inhibiting properties of the compounds of the

invention in a small engine test.

_34 -




10

15

fixed load such as a dynamometer or generator for a period of
approximately sixty hours. The engine was an air-cooled single cylinder
overhead valve engine 10 manufactured by Briggs and Stratton which was
modified to accelerate camshaft wear. The load on the valve train was
increased by replacement of the factory valve springs with a set of dual
Emﬁﬁ%Fﬁ'z each test, the engir!e was outfitted vv_ith anew _factory_
camshatft, and tappets. The engine was used until a visual inspection of
HERR ¥Yarildshiaft, cylinder liner, and carburetor indicated abnormal wear or
imminent 15 failure. Prior to any testing, each engine was run-in using

conventional engine oil for 10 hours at a speed of 3,000 rpomanda . .
BagstefiE ot e SRBIFS WAL %Féﬁaﬁéﬁwm‘iw@%% St
sukBtiod of-appraxiatalyiang heursvas aapdssechaidba anselddidesetutrial

with modified engine operated under load for the remainder of the test.
BV A R e T e A S Sk o

waRt piigeeash 2hieses dicarail tshase havemior FaptardxFABIERKen a wear

Engine Test Results Performance Preparation Example Can W '
tegtviah SRAIGIRS ERAA0LE %&ﬁﬁeﬂ%ﬁﬁ{@aﬁ?%ﬂﬁ%%ﬁgﬁm
tebr. MRIBHAREN: GMB DHOAS2 0000064 b3l pi fampibtadiExatArRIBS A

1000; 0.00231 0.00021 R 2:1) Example, 24 Ex. 5 (PIBSA 550; CMR
B0 4 S AGF I e T St s Yo e
TiRhikING arepertieavhthesaempedntisohthesineition dptic sinakrengipe.

test. -34 EXAMPLE 29: HFRR Wear, test Baseline oil #5 was tqp-treated
T OGRS A o o DARCET ey (i T 58

compared to the baseline oil in the same manner which demonstrated a wear scar
diameter for an average of three test runs was 195pm. Thus, there was a slight
improvement is the HFRR test when top treating a small amount of the product of

Example 3.
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5 such that the treat rate was about 1 wt%. To this top-treated oil was
added diesel engine exhaust soot such that the oil contained about 6.0
wt% soot. The oil and soot were blended for 15 minutes on a high shear
rotor stator type mixer, and then a wear test was conducted. The looted
oil was evaluated on a PCS instruments HFRR wear tester. Test
SPRGTAGNBWEIR RPN 52100 steel ball on flat, oil temperature was 10
116C, frequency was 20hz, the load was 1kg, and the test duration was
20 minutes. The wear scar on the ball was measured after the test using
an Opticai.microgmoﬁh&l\%e@féwbsiiﬁémiﬁ% IOLARRY GIREE RALRRE
test runs was 1941im. This was compared to the baseline oil in the same
manner which FORBHLRSYAES L BUSIGiISomRErFST an average of three
test runs was 195 m. Thus, there was a slight 15 improvement is the
HFRR test when top treatin%a small amount of the product.of Example 3.

.35 WHAT IS CEAIMER $8v] onaliserylsusmmoreiskaen vl Yeakharsia the alkyl or
mixture under reactivelegRAiIRRGNBIRIRI JASPRPiY B RBUILISRSI chi3F #dm
alkyl or alkenylsuccinic acid derivative, wherein the alkyl or alkeny :
substituent has an avélsantQ HoMe and weight of from 450 to 5,000; and 10
(b) a diamino naphthyl compound of the formula R1IHN NHR2 X R3
wherein Rt and R2 are independently selected from the group 15
consisting of h{ftogef %@?_ﬂ@’éﬁgﬂ;%@%ﬁoﬂm @@ﬂ‘}%ydroxyl,
C,.6 alkyl or CI-6 alkoxy, and wherein the molar ratio of (a) to (b) is from
about 1:1.5 to about JﬁZ?HNZO 2. The comp?ﬁiﬂon according to Claim 1,
wherein the alkyl or a enp\ bstitue S'ant average molecular weight
of from 450 to 2,500. /\a\ : ‘

wherein R; and R; are independently selected from the group
consisting of hydrogen and C.1¢ alkyl; and Rj is hydrogen, hydroxyl,
C.¢ alkyl or Cy.¢ alkoxy; and '

wherein the molar ratio of (a) to (b) is from about 1:1.5 to about 1:3.

2. The composition according to Claim 1, wherein the alkyl or alkenyl

substituent has an average molecular weight of ﬁém 450 to 2,500.

3 ~The composition according to Claim 1, wherein the alkyl or alkenyl

substrtuent has an average molecular weight of from 550 to 1,300.

4. The cpmposition according to any one of the preceding claims,
wher.em the alkyl or alkenyl succinic acid derivative is prepared by
reacting an unsaturated acidic reagent with a’ polyalkylene in the
presence of a strong acid. '
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3. The composition according to Claim 1, wherein the alkyl or alkenyl
substituent has an average molecular weight of from 550 to 1,300. 25 4
The composition according to any one of the preceding claims, . wherein
-the alkyl or alkenyl succinic acid derivative is prepared by reacting an
unsaturated acidic reagent with a polyalkylene in the presence of a strong

acid. -36 5. The cgmposition according to Clajm. 4, wherein the .
o yalatode it e EoRpet SR o AR 4 TR e polyalyiene
and the polyalkyieitelly taabbk witatetr dog 300, pfie pialienedstioenatd the

turated acidi t so that less than 50% af.the polyalkylene 5 .
* has ety iny S R R A B PR e

5according to Cla'gn ]ﬂlgﬁg

4, wherein the pelysitoyieabasi diotyisoin ydahat 186 thahl i@ Yoafths pickyalkylene
i(/%ilnlt cx%lkeﬁyl %L!chcinic acid derivative is

prepared from the thermal feaction of mateicy %nhydride with

polyisobutylene having a M,, of from 450 to 3000. g_ The composition

accordingto any,one of the.preceding clai 15 wherein. RLis hydrogen .

9.9. Theggtbmpg%%feocnea cg%gf%at%cg%n {go ?ﬁlé%r‘é%grael%&é?a?r%wme 15

wherein R2 is hysrlggebuti@eiEhe composition according to any one of the

preceding claims, wherein R3 is hydrogen. 20 11. The composition

according to Claim 9 wherein the diamino naphthyl compound is selected

10 from the Group cBnsistigepsitioaptimtting th, Gdiarindierein the alkenyl succinic

15,

20

25

30

naphthalene-1,6-diamine; naphthalene-], Z-diamine; and. naphthalene-.
L diame, 26 0 GHL A RS pREERe A A SR S
diamino naphthyhlgeingdowith ipdplediety feoobthéngro v, ofisistidg®to 3000.
naphthalene-2,6- ‘

8.~ The composition according to any one of the preceding claims,
- wherein Ry 1s hydrogen.
9. The composition according to any onc of the preceding claims,
wherein R; is hydrogen.
1. The composition according to any ene of the precedi:_:zg claims,

“wherein Ry is hydrogen.

11.  The composition according to Claim 9 wherein the diamirno naphthyl
compound is selected from the group consisting of naphthalene-1,5-
diamine; naphthalone-1,6-diamine; naphthalene-1,7-diamine; and .
naphthalene—l,g—(iiaminc, ‘

12.  The composition according to Claim 9 wherein the diamino naphthy!
compound is selected from the group consisting of naphthalene-2,6-
diamine; and naphthalene-2, 7-diamine. | ' '

13. The composition according to any one of claiins 1 to 7, wherein Rs.is

hydroxyl, Cy.¢ alkyl or Cy.6 alkoxy.

14. The compdsiﬁon according to any one of claims 1 to 7, wherein Ry is
hydrogen or C;.4 alkyl. ' ‘
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diamine; and naphthalene-2,7-diamine. 13. The composition according to
any one of claims i to 7, wherein R3. is 30 hydroxyl, Ci.6 alkyl or CI.6
alkoxy. 14. The composition according to any one of claims | to 7, wherein

~R3is hydrogen or C1 alkyl. 37 15. The composition according to any one

of the preceding claims, wherein the molar ratio of (a) to (b) is from 1:1.7
to about 1:2.5. 5 16. The composition according to Claim 15; wherein the
molar rat %of ( toc(g) is about 1:2. r%? The composmofn ccordle(g to apay

[o] {81
one of th prece q‘iio cl)f;lljrrfhag fé)p ngy regctmgf éb %il
an acidic reagen S&le rom-a mon compound or a boron

compound. 10 18. A lubricating composition comprising: 1) an oil of
lubricating viscosity; and 15 2) a multifunctional product prepared by the
process dbreactihg c(ﬁ;);ﬁmﬁﬂfyh&ﬁoﬁtﬁiﬂgﬂﬁﬂfﬁkﬁlqﬁ%&%ﬂi’ﬂ%\@ﬂ%%ﬁ@of(a)
the alkyl or alk bstituent has an average molecular- 20 weight of

from 450 to 5, 0 ‘3“51(1 mino naphthyl compound of the formula.

R1HN NHR2 R3 25 whereln R, and R2 are independently selected from

the group.,con of hydrogen an C, -,0 alkyl; and R3 IS hydro
hydroxqu ﬁf@? mff(y d“ MoFFA gg; one of the prec ng ' claims,

m nsmg reac g the mixture with an acidic reagent

selected from a mot tybdenum compound or a borou compound.

18. A lubncating composition comprising:
3] an oil of lubricating viscosity; and
2} a multifunctional product prepared -by the process of reacting
(a)  analkyl or alkenylsuccinic acid derivative, wherein the
alkyl or alkenyl substituent has an average molecular

weight of from 450 to 5,000; and ~

(b)  adiamino naphthyl compound of the formula

NHR,

wherein Ry and R; are independently selected from the group
consisting of hydrogen and Cy.,p alkyl; and Rj is hydrogen, hydroxyl,
C;_(, alkyl or C].s alkoxy; and
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wherein the molar ratio of (a) to (b) is from about 1:1.5 to about 1:3. 19.
The lubricating composition according to Claim 18, wherein the
composition contains from about 0.01 to 10 wt % of the 5 multifunctional
product, based upon the total weight of the composition. 20. The
lubricating composition according to Claims 19 wherein the composition
contains from abguérdiR #R MWtk @UubiB)eiinoal abBrredurctohgsed: 3.
upon the total weight-of the composition. 21. The lubricating composition
according to Claim 20, further comprising: 15 3) an ashless dispersant;
4) a detergent; Sjta MstalAiadod dibiaRPsRRRe o RAABR 1B AMkrein the
FUSED-RING AROMATIC AMINE BASED WEAR AND OXIDATION
INHIBITORS FORTRIBERABARFEDS Aoy o ddddrpidutichieidhspared

5 by the reaction G s bt SR HRIAULE Wt G pEIThE A NE SNt fahe

10

15

Fused-Ring Aromatic djamine, with a charge mole ratio of the diamine
moiety in stoichiSTHEE S ess, under reactive conditions to thereby yield
a multifunctional lubricant additive.

20.  The lubricating composition according to Claims 19 wherein the
composition contains from about 0.5 to 5 wt % of the multifunctional

product, based upon the total weight of the composition.

21.  The lubricating composition according to Claim 20, further

Comprising:
3 an ashless dispersant;
4) a detergent;

5) a metal dialkyl dithiophosphate.
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ABSTRACT

FUSED-RING AROMATIC AMINE BASED WEAR AND OXIDATION
INHIBITORS FOR LUBRICANTS

A multifunctional product is prepared by the reaction of an alkyl or alkenyl succinic acid
derivative with a Fused-Ring Aromatic diamine, with a charge mole ratio of the diamine
moiety in stoichiometric excess, under reactive conditions to thereby yield a multifunctional

Iubricant additive.
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