WD 01/ 46352 PCT/ US00/ 35339 1 Title: LUBRI CANTS WTH THE COVBI NATI ON OF A
MOLYBDENUM COVPOUND, A PHOSPHORUS COMPOUNDS AND DI SPERSANTS 5 Cross

Ref erenc§, toqmlé%glzat ed Application This application clains gri/osdoByszbrom
provisio Y application Serial No. 60/171,357, filed Decenber 22, 1999,
the entire disclosure which is hereby incorporated by reference. 10 FlIELD
OF THE I NVENTION This invention relates to a lubricating conposition
conprising a conbination of a nolybdenum contai ni ng conmpound, a phosphorus
conpound and a 15 dispersant. These conpositions are particularly mld on
yel | ow netal conponents of transm ssions and differentials. BACKGROUND OF
THE | NVENTI ON Transm ssi ons pose problens for lubricant fornul ators because
of the 20 configuration of the transm ssion and the netallurgy of the
transm ssion conponents. Manual transm ssions use spur gears which

provi ded pressure and shearing in essentially linear force lines. In other
words, the force of shear has only one directional conponent. This is in

contrast to ggars used (BRIEARTH WEH THE EOMBIRATIONPOIF AJRRSISYBDENUM
hypoi d gear, the gears nesh in such a way that the 25 shearing force has

two directional conponé@MPONND,feRHOSHIIORES CaiiPQUNBSARND DISRHFRESANES
conponent across the gear face. The |l evel of extrene pressure WO 01/46352
PCT/ US00/ 35339 2 protection needed for a transm ssion is |lower than that
needed for a hypoid gear assenbly. The transm ssion requires certain
frictional properties fromthe lubricant to

5 Cross Reference to Related Application
This application claims priority from provisional application Serial No.

60/171,357, filed December 22, 1999, the entire disclosure which is hereby

incorporated by reference.

10
FIELD OF THE INVENTION

This invention relates to a lubricating composition comprising a combination
of a molybdenum containing compound, a phosphorus compound and a
15 dispersant. These compositions are particularly mild on yellow metal components

of transmissions and differentials.

BACKGROUND OF THE INVENTION

Transmissions pose problems for lubricant formulators because of the

20 configuration of the transmission and the metallurgy of the transmission
components. Manual transmissions use spur gears which provided pressure and

shearing in essentially linear force lines. In other words, the force of shear has

only one directional component. This is in contrast to gears used for the driveline

which are hypoid gears. In a hypoid gear, the gears mesh in such a way that the

25 shearing force has two directional components. A linear component and a second

transverse component across the gear face. The level of extreme pressure



provide the ability of the manual transm ssion to perform gear changes. For
the 5 gear to be changed, the transm ssion nust bring the drive shaft and

t he gear égﬁ/gﬁ?si tion for nmeshing. The neshing is acconplralkeé:fy a
synchrorW en the synchronizing parts (plate to plate or ring to cone)

are reduced to relative zero velocity. If these parts do not obtain zero
rel ative velocity, then a phenonenon known as synchroni zer clashing
(sonetines referred to as crashing) occurs. 10 C ashing of the synchronizer
results when the dynam c coefficient of friction building between the
engagi ng synchroni zer parts (plate to plate or ring to cone) falls below a
critical mninmumvalue. Below this critical mninmmvalue the synchronizer
parts do not attain zero relative velocity and the | ockup nechanism (e.g.,
spline canphers) contacts the rotating nepber (e.g., cone canphers) 15
resulting in a |loud noise (clashing/crashing). The conponents of

transm ssions are typically bronze or brass. These netals are susceptible

to corrosi on aatb$iBAMHSAeddb §(i|‘é|nfsﬁf?§§iér¥ R I6#fer gﬁﬂ #eRhe8Ed fc‘r;‘rﬁ ﬁ%ﬂl?;g gear

pressure agents which contain sulfur, particul y active sul fur
i nstance, or gesemigpl ysul fides which are typically used with lubricants for
hypoi d 20 gears Caﬂié damage.to the manyal transm ssion s nchrg\r]i zer

conponents. It is frapgmissiQn isasres certairictienal pipperties HAMphGVibrcant do
ant i wear r I AV i i f.ar LSS i

arming the oue ety of BRSiafull @afihisS BlpdrhtdRa el Fefite
pr o¥i de manuadeartto desshangiednthel trardsnibsion nudttirieg thé dang shaftiandthe geasintd o

yel | ow metal conponents of 25 transm ssion fluyjds. WO 01/46352
PCTI USOQl 3533°sittory ey %PE“P ISRECP 'Sgﬁgé%{tﬁ BNGEpRizeEWhEn dhe

Lot O SRR ERPIASETS (oo BIEH) 6 B0L0LL o iE ARt
cont ai ni ng corglosityt. i BithedeBpars doaasttobtdia zeho sehtivelgselocity, then a phenomenon
known as synchronizer clashing (sometimes referred to as crashing) occurs.

10 Clashing of the synchronizer results when the dynamic coefficient of friction
building between the engaging synchronizer parts (plate to plate or ring to cone)
falls below a critical minimum value. Below this critical minimum value the
synchronizer parts do not attain zero relative velocity and the lockup mechanism
(e.g., spline camphers) contacts the rotating member (e.g., cone camphers)

15 resulting in a loud noise (clashing/crashing).

The components of transmissions are typically bronze or brass. These
metals are susceptible to corrosion and chemical attack from typical antiwear and
extreme pressure agents which contain sulfur, particularly active suifur. For
instance, organic polysulfides which are typically used with lubricants for hypoid

20 gears cause damage to the manual transmission synchronizer components.

It is desirable to provide lubricants which can provide the antiwear
protection and viscosity protection for transmissions without harming the
components of the transmission. It is especially desirable to provide manual
transmission fluids have little, if any, corrosiveness to yellow metal components of

25 transmission fluids.



5 antiwear or extrene pressure agent, and (C) at |east one dispersant,
provided that the lubricating conposition is free of polysulfurized

ol ef i ns. W‘[ﬂg |§§irl cating conpositions have inproved antipegosdoreperties.
When t he Ae&At ng conposition is used in a manual transm ssion, the

amount of brass wear is reduced. 10 DESCRI PTI ON OF THE | NVENTI ON The term
"hydrocarbyl" includes hydrocarbon as well as substantially hydrocarbon
groups. Substantially hydrocarbon describes groups which contain

het er oat om substituents which do not alter the predom nantly hydrocarbon
nature 15 of the group. Exanpl es of hydrocarbyl groups include the
follow ng: (1) hydrocarbon substituents, i.e., aliphatic (e.g., alkyl or

al kenyl), alicyclic (e.g., cycloal kyl, cycloal kenyl) substituents,
aromatic-, aliphatic- and alicyclic-subst3tuted aromatic substituents and
the like as well as cyclic substituents wherein the ring is conpleted
through another portion of the molecule 20 (that is, for exanple, any two

indi cated substituents may togeSiNAMARYORTHE IWEN’I‘FONr adical); (2)
substituted hydrocarbon substituents, i.e., those substituents containing

non- hydr ocar bon gr dinss irMenginn lietates docanukricatio compositior reompTisintp anotajor
alter the predomn tI hyd arbon nat ur. the substituent: those

SKi 1 ed 't nEMRST B b oHEbAERST 45356 FALpe Spivieah imeioiling Soutier
groups (e.g. 1léb%ltCbr(ee%)cﬂ%d’éﬂl)h\Céﬂrﬁélﬂlrﬁ}gneomp%ft@}l (BY &% 9&yst or'i@rpﬁﬁal%bﬁorus

nitro, nitroso, sulfoxy, etc.); (3) heteroatom substituents, i.e
sub$t i t uent s ahtlwlaampnextrem peedsave agers, amd é(b)cahlemhbhgdtspersmﬂmmmded that

charact et b N Rl SaOL 3, ANl gk a e e Joh ke
(e.g., alkoxy gmmsidnshinave Frptdfede Jﬁ%bl”e"a?ab%ﬁérﬁéé.' ROhER PR NLbficating
composition is used in a manual transmission, the amount of brass wear is
reduced.
10
DESCRIPTION OF THE INVENTION

The term "hydrocarbyl" includes hydrocarbon as well as substantially
hydrocarbon groups. Substantially hydrocarbon describes groups which contain
heteroatom substituents which do not alter the predominantly hydrocarbon nature

16 of the group. Examples of hydrocarbyl groups include the following:

(1) hydrocarbon substituents, i.e., aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, aromatic-, aliphatic- and
alicyclic-substituted aromatic substituents and the like as well as cyclic
substituents wherein the ring is completed through another portion of the molecule

20 (thatis, for example, any two indicated substituents may together form an alicyclic
radical);

(2) substituted hydrocarbon substituents, i.e., those substituents
containing non-hydrocarbon groups which, in the context of this invention, do not

alter the predominantly hydrocarbon nature of the substituent; those skilled in the



those of ordinary skill in the art and include, for exanple, sulfur,
oxygen, nitrogen and such substituents as, e.g., pyridyl, furyl, thienyl,
i m dazol yufikss2 N general, no nore than about 2, or no pmresdol3sszoone,

het er o subg{ltuent 10 will be present for every ten carbon atons in the
hydr ocar byl group. Typically, there will be no such hetero atom
substituents in the hydrocarbyl group. There- fore, the hydrocarbyl group
is purely hydrocarbon. The term pol ysul furized olefins refers to ol efins
which are reacted with sulfur, hydrogen sulfide or a combination thereof
to forma reaction product that 15 contain on average nore than one sul fur
atom per olefins. Typically these products couple two ol efins through

sul fide |inkages. These |inkages generally contain fromabout two to about
ei ght sul fur atons. These products are genkrally referred to as

pol ysul furized ol efins. An exanple of these products is the reaction
product of isobutylene, sulfur and hydrogen sul fi de under pressure. 20 In

the speci fi cabhafil BaGwEraiofBuch §uper(8g. | ek '(é‘s@fécfwly%ﬁrm@%hﬂifma'r'o)[%cﬁbﬁy,t 0
the conbination of an oil of lubricating viscosity and additives. e
percent ages Biereepighniten; @itiesse gufoxy, ledC.dot al anount of the additive and

o ybcenom bont o i cHSERRS e Ao A AR e iR i paving o
addi tives i mppeasminBAtiRAYERAFGH eRfrabic? Svithin tHeddriiétiod this @FRREibA! tontlinass

wear. The nol ybdenum conposition is generally used at a |evel WO 01/46352
PCTISUSOQ 35338an @ogubtheritban casbor|presentfinoariigoon chaio, otberwibe wonmsedpot o

oL 900 BBt 4 G R e B PSP CL g B bl T B,
as well as el geydeesorthary BRIl FPRE Art 6A iftludd, F8r ExdrheiR, smelr 8RgRer, nittdgenmay
be conbi ned. The nol ybdenum 5 netal may be in an oil sol ubl e or dispersible
form The nol pbdeushsubstiteints as,se.gi, pyridyle furylrbhigbyle imidazayt, giqi ng
overbased salt of ?rgl ggﬁciardail,cnoorrn ?Q %hcancg%lﬁsj,toir%g’more than one, hetero substituent
10 will be present for every ten carbon atoms in the hydrocarbyl group. Typically,
there will be no such hetero atom substituents in the hydrocarbyl group. There-
fore, the hydrocarbyl group is purely hydrocarbon.
The term polysulfurized olefins refers to olefins which are reacted with
sulfur, hydrogen sulfide or a combination thereof to form a reaction product that
15 contain on average more than one sulfur atom per olefins. Typically these
products couple two olefins through sulfide linkages. These linkages generally
contain from about two to about eight sulfur atoms. These products are generally
referred to as polysulfurized olefins. An example of these products is the reaction
product of isobutylene, sulfur and hydrogen sulfide under pressure.
20 In the specification and claims, the term "lubricating composition" refers to
the combination of an oil of lubricating viscosity and additives. The percentages
by weight are based on the total amount of the additive and the oil of lubricating
viscosity.
As described herein, the use of molybdenum containing compositions in
25 combination with specific additives improves the antiwear properties of lubricants,

especially brass wear. The molybdenum composition is generally used at a level



a nol ybdenum t hi ocarbamate, and a nol ybdenum t hi ophosphate. In one
enbodi nent, the nol ybdenum conposition is other than a nol ybdenum

cont ai ni gg) 1g‘i6§sgersant, such as a nol ybdenum cont ai ni ng spegiusvosssde. 10 I n
one enbodi rT?snt, t he nol ybdenum conposition is a nol ybdenum

di t hi ocarbamate. The dithi ocarbamate may have fromtw to about six, or
about 2 to about 4 hydrocarbyl groups. The dithiocarbanates nay have one
to about four, or fromone to about two dithiocarbanoyl groups. In one
enbodi nent, the dithiocarbamate is a bis-dithiocarbamate. The

di t hi ocar bamat es have hydrocarbyl 15 groups independently having from about
1 to about 30, or fromabout 3 to about 24, or fromabout 4 to about 18
carbon atons. The hydrocarbyl groups may be al kyl or aryl groups or

conbi nati ons of these groups. In one enbodsnent, the hydrocarbyl groups
are all al kyl groups. The dithiocarbamte may be a sinple netal

di t hi ocarbamate, or oxygen 20 or/and sulfur conplexes wth dithiocarbanoyl

moi et i es. The siajcih 98 WBIivECRBIRSAEALRNDO] BF bbEat 724 YPAS HEBLR 908 drh d&r from
t hi ocar bamat es. Thi ocarbamates and their preparation are described bel ow

Mol ybdenum combaithilhf up ho @baubafft prem, ondiondiabgutii20Bi ur &o Eoost & 0appmkeiown
to those in the art. Thes erials are described.in U S  Patents .
30068 705, 4. DRUTadENU Tadal BabS U icatBhGorPp ity 136s s WellASiggghere in
4,283, 295, 4, 369 iohd fhehad i enie AbRbd

I ncor por ated by ?e eﬂ%ént{:e’for tﬁg??gé?g%%%ggg% fg-%\%&‘oﬁw%&g{lz% fbdenum

PCTI5USOQ 3533 8netél mmal bedre anwil sohibée oi digperaibiafomte S hendolybdaoais coimpasitions

t he sane. Exanpl e of co rcially . avail abl e nol ybdenum cont ai ni n .
t hi ocar bamat e Q'H@F%H@' C‘Efﬂlﬁé“%@"?rgé%%ﬁ‘ i 'GPE%%%%QTBE%'PQ”’

oot = e O TGS e s om
cont ai ni ng di Emimximeatrshemotybelenussdampositidriib otheathang molybdenunocontahingh
require ther rr%ilispsetrggrixtl, Isfjgh aég r(rjlgﬁlbdenum containing succinimide.
10 In one embodiment, the molybdenum composition is a molybdenum
dithiocarbamate. The dithiocarbamate may have from two to about six, or about
2 to about 4 hydrocarbyl groups. The dithiocarbamates may have one to about
four, or from one to about two dithiocarbamoyl groups. In one embodiment, the
dithiocarbamate is a bis-dithiocarbamate. The dithiocarbamates have hydrocarbyl
15 groups independently having from about 1 to about 30, or from about 3 to about
24, or from about 4 to about 18 carbon atoms. The hydrocarbyl groups may be
alkyl or aryl groups or combinations of these groups. In one embodiment, the
hydrocarbyl groups are all alkyi groups.
The dithiocarbamate may be a simple metal dithiocarbamate, or oxygen
20 or/and sulfur complexes with dithiocarbamoyl moieties. The molybdenum
compositions include molybdenum oxysulfide thiocarbamates. Thiocarbamates
and their preparation are described below. Molybdenum containing
thiocarbamates, including dithiocarbamates are known to those in the art. These
materials are described in U.S. Patents 4,098,705, 4,259,194, 4,259,195,
25 4,265,773, 4,272,387, 4,282,822, 4,283,295, 4,369,119, 4,395,423, and

4,402,840. These patents are incorporated by reference for their disclosure of



enbodi nent, the | evel of nolybdenum fromthe nol ybdenum contai ni ng

di t hi ocarbamate is from about 200 to about 800, or from about 250 to about
600, or rgﬂ&%pout 300 to about 500 ppm 10 In anot her eghassooenty t he

nmol ybdenum conitai ni ng conposition is a nolybdenum thi ophosphate. The

nol ybdenum sal ts of thiophosphorus acids are know those in the art. The

t hi ophosphorus aci ds, including dithiophosphoric acids, are described

bel ow. Mol ybdenum salts and the nethods of their preparation are described
in US. Patent 3,223,625, 3,256,184, 3,400,140, 3,494,866, 3,840,463, 15
and 4,156, 099. These patents are hereby incorporated by reference for such
di scl osure. I n one enbodi nent, the nol ybdenum conposition is in the form of
a nol ybdenum overbased salt of an acidic organic conpound. The nol ybdenum
overbased netal salts are particularly useful in [ubricants which require
thermal 20 stability. The nol ybdenum contai ni ng overbased salts are
characterized by a netal content in excess of that which would be present

according to rhdswbdéﬁmh@bhmhgmaﬂ;ama@s@aahetﬁadsbhexam@tthéyémé ExERPISs
conmpound reacted with the netal. The anount of excess netal is commonly

expressed i n of epmEnesTiatyaxpilablamalybdemsin eontainieg mlooaabamatessnclhde Sakuea of
t he total al S the, netal tao e 25 equi ale e acidic
organic conpg'd%(? %ﬁb Qq%h%\?fyrt?&eﬂ il di'thﬁ’scaﬁga'ﬁ%'@h rofﬂa{%ﬂﬁ( %E S 19nd,
normal sal t wmblyv&aBWr(s@/(aho%@@ﬁanpamﬁoéarsgma\r@h@mvaﬁ@éerbﬂé.‘nfc@)SZrhe
PCT/ USOQ' 35339 "7 equival ents of organic acid or a ratio of 4.5.

mol§bdenum cadmventaismpvenliechased thatithe malylidensnacomtairiing dttmocanbemaiemte
1.5, or from ab

L O oM R SRS B ShERS  LSEos
e ThSamesgnle i saipa i of s
over based saldithicaddbameteais! fromepocdad@itmabout 800, or from about 250 to about 600,

or from about 300 to about 500 ppm.

10 In another embodiment, the molybdenum containing composition is a
molybdenum thiophosphate. The molybdenum salts of thiophosphorus acids are
know those in the art. The thiophosphorus acids, including dithiophosphoric acids,
are described below. Molybdenum salts and the methods of their preparation are
described in U.S. Patent 3,223,625, 3,256,184, 3,400,140, 3,494,866, 3,840,463,

15 and 4,156,099. These patents are hereby incorporated by reference for such
disclosure.

In one embodiment, the molybdenum composition is in the form of a
molybdenum overbased salt of an acidic organic compound. The molybdenum
overbased metal salts are particularly useful in lubricants which require thermal

20 stability. The molybdenum containing overbased salts are characterized by a
metal content in excess of that which would be present according to the
stoichiometry of the metal and the particular organic compound reacted with the
metal. The amount of excess metal is commonly expressed in terms of metal
ratio. The term "metal ratio" is the ratio of the total equivalents of the metal to the

25 equivalents of the acidic organic compound. A salt having 4.5 times as much

metal as present in a normal salt will have metal excess of 3.5 equivalents per



al kali or alkaline earth netal. Exanples of such netals include sodium
potassium lithium magnesium calcium barium titanium nmanganese,

cobal t, wBi(ﬁr}SE‘Js copper, and zinc, or sodium potassium g&lGioeaszzand
magnesi um- Th io al kali or alkaline earth netal may typically be present

i n an anount from about 2% up to about 20% or from about 4% up to about
18% or from about 6 to about 14% by weight of the nol ybdenum cont ai ni ng
over based salts. The acidic organic conpounds used to prepare the

nol ybdenum contai ning overbased netal salts are generally selected from

t he group consisting of sulfonic 15 acids, carboxylic acids, phosphorus
aci ds, phenols, and derivatives thereof. In one enbodi nent, the overbased
materials are prepared fromsulfonic acids, carboxylic acids, or
derivatives of these acids, such as ester3, anhydrides, etc. The sulfonic
acids are or nono-, di-, and tri-aliphatic hydrocarbon-substituted
aromati c sul fonic acids. The hydrocarbon-substituent nay be derived froma
20 pol yal kenesquiVitlentel yRldtgasis adi¢larda ﬁa@iaoapuymerwsh@nﬂoi{aa@ﬁml YoRtahing
pol ynmeri zabl e ol efin nmononers having from2 up to about 16, or from2 to
about 8, or gveshased salipeuthavecarmpetal sdtimmironTiadout df%.ner fragn peout 3. The

T octene: or TORBr@RpnToRRRGBBREERT s duito i o SRt P8 anant.
I n one embodi4err upttb@bblt 80, ctuphtelabdek 25 S Ifohe BRIBIAITBAL, tH'melaBBltehate a
preferred honmopol yner is a WD 01/ 46352 PCTI USOCQ 35339 8 pol ybutene, or a

pol§but ene i ra metalratiodigm 8oosb10,tardrgioiapeut 12 sipderabosd 40 ormup ite ebautyB@ne.
The pol yal kenes ar repared by conventional procedurgs. The pol yal kene is
general Iy charact efri‘ gﬁ@%&wﬁ'{ SPRRITING P&ﬁ(abéégPéfi‘F aé@@&narﬂ&nﬁ)qyr g%ﬁtalrbﬁgt
about 15, or Akall eAshikaheeteztth GREREN EkaATpiesI T SR #h&RNE indludsNESALMY
contains up to about 40 carbon atonms, or up to about 30 carbon atons. In

one enbodi nemaqtassiemp dithiaimk enegnesitve, aalviuntr baniutbotitankB0, manganese atehalt, 300

l,\J/E ;[g about 6r98kel,o cr:og;g)erE gngbz?rlljé, oSrOS%’diuong, Hgtaggiuﬁwl?oc% ciﬁr%?'anghn@lagr?gsrigr\ﬁl. a.H_]g :
10 alkali or alkaline earth metal may typically be present in an amount from about 2%

up to about 20%, or from about 4% up to about 18%, or from about 6 to about 14%
by weight of the molybdenum containing overbased salts.
The acidic organic compounds used to prepare the molybdenum containing
overbased metal salts are generally selected from the group consisting of sulfonic
15 acids, carboxylic acids, phosphorus acids, phenols, and derivatives thereof. In
one embodiment, the overbased materials are prepared from sulfonic acids,
carboxylic acids, or derivatives of these acids, such as esters, anhydrides, etc.
The sulfonic acids are or mono-, di-, and tri-aliphatic hydrocarbon-substituted
aromatic sulfonic acids. The hydrocarbon-substituent may be derived from a
20 polyalkene. The polyalkenes include homopolymers and interpolymers of
polymerizable olefin monomers having from 2 up to about 16, or from 2 to about
8, or from 2 to about 4 carbon atoms. The olefins may be monoolefins, such as
ethylene, propylene, 1-butene, isobutene, and 1-octene; or a polyolefinic
monomer, such as 1,3-butadiene and isoprene. In one embodiment, the inter-

25 polymer is a homopolymer. An example of a preferred homopolymer is a



t he conventional synbol representing nunber average nol ecul ar wei ght. GCel
perneati on chromat ography (GPC) is a nethod which provides both weight 10

average a er average nol ecul ar weights as well as t{erg&fol3EB9
nol ecul aWr‘]’d‘\A@?%Rt di stribution of the polyners. For purpose of this

I nvention a series of fractionated polyners of isobutene, polyisobutene,

Is used as the calibration standard in the GPC. Exanples of sulfonic acids
i ncl ude mahogany sul fonic acids, bright stock 15 sulfonic acids, petroleum
sul foni c acids, nono- and pol ywax-substituted naphthal ene sulfonic acids,
saturated, hydroxy-substituted, and unsaturated paraffin wax sulfonic

aci ds, wax-substituted benzene or naphthal ene sul fonic acids,

tetrai sobutyl ene sul fonic acids, tetra-anylene sulfonic acids,

dodecyl benzene sul fonic acids, didodecyl benzene sul fonic acids,

di nonyl benzene 20 sul fonic acids, sulfonic acids derived by the treatnent

of at | east one of the above- described pol yal kenes (or polybutene) wth

chl orosul foni goRBLkNe2BH al gRlybitkRe ing/hﬁcl? %\Bgﬁggﬁ%@ggﬂ? gg\%é’ldé diadReom

benzene "bottoms”™ sulfonic acids. Dodecy principally
m xt ures of nisobutydere. di he pobyakenesrarepsparedriyy corpiehéibhal mecégunesoduct s

fromthe nanufactu of hqusehol d detergents.. 25 Sim l.ar products obtained
from al kyl aton bot PBREVEIETELS GRFTRYY RUAMCRTZS R SHon RBgHTal g feast aboLt
sul tonates (LS 3 fedlisoiiel sl of Bt Ut bR LhibRAAh B! Thel PolyAlenkO

01/ 46352 PCT/ US00/ 35339 9 invention e production of sulfonic acCids is
wel b known t ogeherady skintdirgiup to abeutad carb8e atorheroraxeioEbmut Bhecaslpon atams.

oAt Lt iR, A RBTE Foy  Fh SBo 2 AP ka0 ™
) o 2o SEBOLRT i LB D OGP BHEATHA GRS Bion s
al i phatic, cytHeoebnyaErdional symbdl sepresenthgmmabenaderageyinateaulaawbighy! iGel
acids. In Onepgrnntﬂl)ggtiiome%’ro%gggraphy (GPC) is a method which provides both weight
10 average and number average molecular weights as well as the entire molecular
weight distribution of the polymers. For purpose of this invention a series of
fractionated polymers of isobutene, polyisobutene, is used as the calibration
standard in the GPC.
Examples of sulfonic acids include mahogany sulfonic acids, bright stock
15 sulfonic acids, petroleum sulfonic acids, mono- and polywax-substituted
naphthalene sulfonic acids, saturated, hydroxy-substituted, and unsaturated
paraffin wax sulfonic acids, wax-substituted benzene or naphthalene sulfonic
acids, tetraisobutylene sulfonic acids, tetra-amylene sulfonic acids,
dodecylbenzene sulfonic acids, didodecylbenzene sulfonic acids, dinonylbenzene
20 sulfonic acids, sulfonic acids derived by the treatment of at least one of the above-
described polyalkenes (or polybutene) with chlorosulfonic acid, and the like.
The sulfonic acids include dodecyl benzene "bottoms" sulfonic acids.
Dodecyl benzene bottoms, principally mixtures of mono- and di-dodecyl benzenes,
are available as by-products from the manufacture of household detergents.
25 Similar products obtained from alkylation bottoms formed during manufacture of

linear alkyl sulfonates (LAS) are also useful in making the sulfonates used in this



carboxylic acid, or derivative thereof, is an aliphatic acid, or derivative
thereof, containing fromabout 8, or fromabout 12. The carboxylic acid or

deri vati%né%é%aereof general ly contains up to about 50, g&r/dboof@zmbout 25
car bon atons. | lustrative carboxylic acids and derivatives thereof

i nclude 2-ethyl hexanoic acid, palmtic acid, stearic acid, oleic acid,

| i nol ei c acid, behenic acid, octadecyl-substi- tuted adipic acid,

stearyl -benzoi ¢ acid, polybutenyl substituted succinic acid or anhydride
derived from pol ybutene (Wn is from about 200-1500, or from about 15

300- 1500, or from about 800-1200), polypropylene substituted succinic acid
or anhydride derived from pol ypropene (M1 is from about 200-2000, or from
about 300-1500, or from about 800-1200), acids formed by oxidation of
petrol atum or of hydrocarbon waxes, commegrcially available m xtures of two
or nore carboxylic acids, such as tall oil acids and rosin acids, and

m xtures of the above acids, 20 and/or their derivatives. In one

embodi ment,  tiaGeRAEHP O bﬁ)d%%{igrl\ Bf s&ﬂﬁfrﬂié’é‘éihy & WOEkifREn {ogthas? skilled in the art.

hydr ocar byl - substituted carboxylic acylating agent. The acylating agent
i ncl udes hal Seles foresxample,atitey dirficle s"SulfooatesdrinakKirll;Othateer *Enayclopedia of

anhydrides, op, anhydrides. In, _.one odi Lthe carboxylic acylatin
S0ent 15 8 s CBPMIA Zephasioay SSeRnd ERtoro 5Ok A9 B 28] elgentPulshe Budphved
froma nonoc E r rboxylic acylating agent and one or nore
L The Mhove Tpey s Egﬂg’pgmgﬁ%%)gs. I'n one WD 01/ 46352 PCTI USOQl 35339 10
enbbdi mrent, the polnaieembodisnariighaaicilic arhnin/canpdimdrhagbelaezsboxpiccidd00,

or at |east abqut 500. Cenerally, the polyal kene is characterized by an Mn
fr om about 5@08%%Vtheat58[ﬁ°f5$}ﬂébéﬁ C?Wﬁ%aﬁ'@ﬁ@@uﬁ% aﬂ'Bhﬁtﬂfbtﬂyc@@ngatdﬁ

o oo Bahieltho 000 polfodionyatavke 808sun) aliied i, e
has a M froncarbouylict€id! or detivativel #20eoflis Bnaiiphhticitackl) @rtderidbtive ti8of, 1 n
anot her enbOdci:cgrr?tg}rﬁngt r11rec>rrr11 ya%ro%% a8r %¥|fr09rr\ Oaubl%uit S1 qu[rh\éegarfbcr»?yrlri]cpgéig aolrkdeenrﬁ/%l’tive
10 thereof generally contains up to about 50, or up to about 25 carbon atoms.
lllustrative carboxylic acids and derivatives thereof include 2-ethylhexanoic acid,
palmitic acid, stearic acid, oleic acid, linoleic acid, behenic acid, octadecyl-substi-
tuted adipic acid, stearyl-benzoic acid, polybutenyl substituted succinic acid or
anhydride derived from polybutene (Mn is from about 200-1500, or from about
15 300-1500, or from about 800-1200), polypropylene substituted succinic acid or
anhydride derived from polypropene (Mn is from about 200-2000, or from about
300-1500, or from about 800-1200), acids formed by oxidation of petrolatum or of
hydrocarbon waxes, commercially available mixtures of two or more carboxylic
acids, such as tall oil acids and rosin acids, and mixtures of the above acids,
20 and/or their derivatives.

In one embodiment, the carboxylic acid or derivative thereof is a
hydrocarbyl-substituted carboxylic acylating agent. The acylating agent includes
halides, esters, anhydrides, etc., or acid, esters, or anhydrides, or anhydrides. In
one embodiment, the carboxylic acylating agent is a succinic acylating agent. The

25 acylating agent may be derived from a monocarboxylic or a polycarboxylic

acylating agent and one or more of the above described polyalkenes. In one



havi ng an Mh from about 1300 up to about 5000, and the Mw/ Vh value is from
about 1.5 up to about 4, or fromabout 1.8 to about 3.6, or from about 2.5

to aboutg\g(g 3 S’Z/S The hydrocarbyl -substituted carboxylic agyfakbdrgzsgents
are prep ‘H“S known procedures. In another enbodi nent, the acylating

agents are prepared by reacting the above described polyalkenes wi th an
excess of maleic anhydride to provide substituted succinic acylating
agents wherein the nunber of succinic groups for 15 each equival ent wei ght
of substituent group is fromabout 1.3 to about 4.5 succinic groups per
equi val ent wei ght of substituent groups. A suitable range is from about

1.4 up to 3.5, or fromabout 1.5 up to about 2.5 succinic groups per

equi val ent  wei ght of substituent groups. In this enbodi nent, the
pol yal kene has an Wnh from about 1300 to aglgout 5000. A nore preferred range
for Mhis fromabout 1500 to 20 about 2800, and a nost preferred range of
Mh is fromabout 1500 to about 2400. Carboxylic acids or derivatives

thereof (e.g. ensiddiriend, t%%@ty@k@%qsbhﬁﬂdcter%ﬁﬂﬂrﬁ mrbf%& ﬁ‘aa‘éf—‘é%uthﬂb loPat
U S. Patents 3,215, 707 (Rense); 3, 6 (Norman et al);

(Rense); 3, 912e6753zab©9h56@rﬁemarallwtmaflpolyahbae)s chardctenzedbqw Mowmmlabodt

et al); and U 1,440, 2 I scl,os of , t hes ents ar r eby
i ncor por at ed b{éorléq E’r%t?ﬁ‘é% i? "B&PP?) Mg%%bloTﬁo%&Qé%O%
embodi ment, t he Afei2000! aawoqsn %%99906 dpst@Qbo?tLJf?é@XYﬁlo‘ﬁ%' éﬂsoaﬁﬁémcm' d

or aIkyIphenoxy acetic acid, or alkylpoly- oxya ene-acetic acid or
deriSvatives t rhydemﬂarbﬁ(greup ;mé(bhlé carb@xabrq)aesdamig agerstdwscanl‘ﬂﬂmtmdsabmﬂ 4@ to

R L N a“@@@@;te.a;ﬁiy.
(25235520t ik A bRl s g e
CH20) 16CH2CO2 Hyavatg &h irinénoyd abeCH2@HR P)t6 @HRCO3600 oamq/thqoldlwiMn lue is from
about 1.5 up to about 4, or from about 1.8 to about 3.6, or from about 2.5 to about
10 3.2. The hydrocarbyl-substituted carboxylic acylating agents are prepared by
known procedures.

In another embodiment, the acylating agents are prepared by reacting the
above described polyalkenes with an excess of maleic anhydride to provide
substituted succinic acylating agents wherein the number of succinic groups for

15 each equivalent weight of substituent group is from about 1.3 to about 4.5 succinic
groups per equivalent weight of substituent groups. A suitable range is from about
1.4 up to 3.5, or from about 1.5 up to about 2.5 succinic groups per equivalent
weight of substituent groups. In this embodiment, the polyalkene has an Mn from
about 1300 to about 5000. A more preferred range for Mn is from about 1500 to
20 about 2800, and a most preferred range of Mn is from about 1500 to about 2400.

Carboxylic acids or derivatives thereof (e.g. acylating agents) and their
preparation are described in U.S. Patents 3,215,707 (Rense); 3,219,666 (Norman
etal); 3,231,587 (Rense); 3,912,764 (Palmer); 4,110,349 (Cohen); and 4,234,435
(Meinhardt et al); and U.K. 1,440,219. The disclosures of these patents are

25 hereby incorporated by reference.



(CH2CH20) 19CH2C2H; 2- oct yl decanyl - O (CH2CH20) 6CH2CO2H. These acids are 10
avai l able comrercially from Sandoz Chem cal under the tradenane Sandopan
acids. |gffaker enbodiment, the acidic organic conpoundedsUsI/38839MaLi C
carboxylic acid. A group of useful aromatic carboxylic acids are those of
the formula 15 X n (G XHb 20 (Rl)a- Ar-(XHy c wherein RL is an aliphatic
hydr ocar byl group derived fromthe above-described olefins or polyal kenes,
ais anunber in the range of 1 to about 4, usually 1 or 2, Ar is an
aromatic group, each X is independently sulfur or oxygen, or oxygen, b is
25 a nunber in the range from1 to about 4, usually froml1lto 2, cis a
nunber in the range of zero to about 4, usually 1 to 2, with the proviso
that the sumof a, b, and WD 01/46352 PCT/ US00/ 35339 12 c does not exceed
t he nunber of val ences of Ar. Exanples of Bromatic acids include
substituted benzoic, phthalic, and salicylic acids. The R group is a

hydr ocar byl group that is directly bonded to the aromatic group Ar.

Exanpl es of R growpsahsiplerdembdsifiententhe dasidiedofgmie t kenipdong is an
descri bed pol yal kenes. 5 Ar may be nono- or pol ynucl ear. Mnonucl ear groups
i nclude a pherglkyloyalgylengacetior agid hicsnyalkylphenpxyi-geetis eacidgr qupsalkgpolye

anot her  nucl euSSBIRIEAE=Pafiactlist bl o iR eIk, SadiF Shelhic SHRLBRA S ANERe o,

group can al s%&rﬁp@und&emdmdé(ed|sbm@rp@ntéetﬁ¥|eﬁe@w&@laa@néaracﬂﬁI |§6-s|téér|§ﬁ@es
such as al kyl ene, ether, keto, sulfide, disul 10 and pol ysul fi de,

cont&ining 3 t(&HEGH, S /GL,Naonsaury hkages , it o) SHe€ Q i Iauryl -O-

(CH,CH,0); ;CH,CO,H; oleyl-O-(CH,CH,0),CH,CO,H; lauryl-O-

(CH,CH,0), sCH,CO,H; lauryi-O-(CH,CH,0),,CH,CO,H; Ilauryl-O-(CH,-

CH,0),,CH,CO,H; octyl-phenyl-O-(CH,CH,0),CH,CO,H; octyl-phenyl-O-

(CH,CH,0),,CH,CO,H; 2-octyidecanyl-O-(CH,CH,0),CH,CO,H. These acids are

10 available commercially from Sandoz Chemical under the tradename Sandopan
acids.

in another embodiment, the acidic organic compound is an aromatic

carboxylic acid. A group of useful aromatic carboxylic acids are those of the

formula
15
X
!
(C-XH),
|
20 (Ry)a — Ar—(XH),
wherein R, is an aliphatic hydrocarbyl group derived from the above-described
olefins or polyalkenes, a is a number in the range of 1 to about 4, usually 1 or 2,
Ar is an aromatic group, each X is independently sulfur or oxygen, or oxygen, b is
25 a number in the range from 1 to about 4, usually from 1 to 2, ¢ is a number in the

range of zero to about 4, usually 1 to 2, with the proviso that the sum of a, b, and



aromati c groups include phenyl, phenylene, and naphthal enyl groups. In one
enbodi nent, the carboxylic acid or derivative thereof is a salicylic acid
or derivghiofReisher eof . 1 n one embodi ment, the salicylic aemuspo/3sisivative
thereof I's an aliphatic hydrocarbon-substituted salicylic acid or
derivative thereof. 15 The hydrocarbon substituent is generally derived
fromone or nore of the above described pol yal kenes. The above aromatic
carboxylic acids are known or can be prepared according to procedures
known in the art. Carboxylic acids of the type illustrated by these
formul ae and processes for preparing their neutral and basic netal salts 20
are well known and di scl osed, for exanple, in U S Patents 2,197, 832;
2,197,835; 2,252,662; 2,252,664; 2,714,092; 3,410,798; and 3,595, 791.
These patents are incorporated by referent?2 for their disclosure of
aromatic carboxylic acids, salts thereof and nethods of making the sane.

I n anot her enbodi nent, the acidic organic conpound is a 25

phosphor us- cont Aok Tt @xcded Ahe teimbertdfualéitessest Ar. THRamples of aromatic acids
phosphorus-contai ning acids, or derivatives thereof, include phosphorus

aci ds, such asnpl@epsidhstiutedi Benapiolphibalio. aul/saiodicaadds T &t aoueris; a

and t hi ophosphor [ [ er iL.ncl udi nono and. dithi sphor us
S s or Poot oy dtBeAB LSl (3 &l direct] Sorilsl S B areifisio. SHoliR A ORI
reaction produr} gRfupdnBclatie rmbgﬁmtentst@emw/@orhqhy%bk)e@%saﬁwb@po?_a%negr us
sul fide. Useful phosphorus sulfides, include phosphorus pentasul fide, 5

phosphor us sesqui suf\f néy begnoBphor RAlyMegiears IMehersicieaf aroeps inclideTmphenyl, a
eact on of . G 5 1% bHSoRBIPHRLER A b PR ik BYTR A
Gt anou Ll LUORLEISLE ofRlE IRSOSPIRINE: SHELER sfa0E 0N i
proportions ofnapighgloapteamtoetcziThe padymiclaar grivep careélsn beadfyine linked type are
generally fr Orrllln(f{e%i t?\%&gﬁ Briggingq{n&zsaggé such as alkylene, ether, keto, sulfide, disulfide,
10 and polysulfide, containing 3 to about 6 sulfur atoms, linkages. Examples of the
aromatic groups include phenyl, phenylene, and naphthalenyl groups.

In one embodiment, the carboxylic acid or derivative thereof is a salicylic
acid or derivative thereof. In one embodiment, the salicylic acid or derivative
thereof is an aliphatic hydrocarbon-substituted salicylic acid or derivative thereof.

15 The hydrocarbon substituent is generally derived from one or more of the above
described polyalkenes.

The above aromatic carboxylic acids are known or can be prepared
according to procedures known in the art. Carboxylic acids of the type illustrated
by these formulae and processes for preparing their neutral and basic metal salts

20 are well known and disclosed, forexample, in U.S. Patents 2,197,832; 2,197,835;
2,252,662, 2,252,664, 2,714,092; 3,410,798; and 3,595,791. These patents are
incorporated by reference for their disclosure of aromatic carboxylic acids, salts
thereof and methods of making the same.

In another embodiment, the acidic organic compound is a

25 phosphorus-containing acid, or derivative thereof. The phosphorus-containing

acids, or derivatives thereof, include phosphorus acids, such as phosphoric acid



t he phosphorus sul fide per 100 parts of the pol yal kene. The
phosphorus-contai ning acids are described in U S. Patent 3,232,883 issued
to LeSuglyoiidss reference is herein incorporated by refepermosoofsssoits

di scl osure to the phosphorus-containing acids and net hods for preparing
the sane. 15 In another enbodi nent, the acidic organic conpound is a
phenol. The phenols may be represented by the formula (R )a Ar-(OH) Db,
wherein R, is defined above for the aromatic carboxylic acids; Ar is an
aromatic group, as defined above; a and b are independently nunbers of at
| east one, the sumof a and b being in the range of two up to the total
nunber of di spl acabl e hydrogens on the aromati c 20 nucl eus or nuclei of Ar.
In one enbodi nent, a and b are independently nunbers in the range of 1 to
about 4, or to about 2. In one enbodinment,1® and a are such that there is
an average of at |east about 8 aliphatic carbon atons provided by the R
groups for each phenol conpound. In another enbodiment, the nolybdenum

cont ai ni ng oveshagg@rdTetald sidshosphoRlis Rt & redtyRdeTHENEAGT Mlid1dand
overbased netal salts. The nol ybdenum contai ni ng borated overbased net al

salts are prepditdaphysphenys acigs onesters.tihene®ntidaisest trhegtoresegntainiag

bel ow descri bed . ed ov r base salts wt bde cont ai n| ng
ani on. ALt er natPadre TR JRUHEh L ORE a1 rTRLE 56,108 APOYBeP DUALE TR A
salts may be ﬂﬁ@dﬁf&@s%ﬁdé‘c@émﬁﬁ{ds Hoh RS URRIERNINERIMRYHAL ph B ﬁefh?aédlﬁdé al
reaction mxture used to nake the nolybdenum containing netal salts.
Prepération ofphdraaphwu?bdmuamlﬁ:da,tmwmgrﬁ/MMasdﬂdeanﬂdBe tikeanTha rem:élon of

enbodi nent, th %’5 enum nta over hased conpositions , are prepared
by reacting ol FRRVAIKSESANI RS RECSPRGHS SHTER SanesrbaneY Secds RAFFHLY TB4Rg ),

metal overbasegeSgld A aa@n@&rﬁt&e%m BoeeMRRUAlY bEme@rh kfddecoang! @ cne

10 earth metal salts are prepared by reacting an acidic naterial, described

bel ow Generally, the products have a phosphorus content from about 0. 05% to about
10%, or from about 0.1% to about 5%. The relative proportions of the

10 phosphorizing agent to the olefin polymer is generally from 0.1 part to 50 parts of
the phosphorus sulfide per 100 parts of the polyalkene. The
phosphorus-containing acids are described in U.S. Patent 3,232,883 issued to
LeSuer. This reference is herein incorporated by reference for its disclosure to the
phosphorus-containing acids and methods for preparing the same.

15 in another embodiment, the acidic organic compound is a phenol. The
phenols may be represented by the formula (R,),-Ar-(OH),, wherein R, is defined
above for the aromatic carboxylic acids; Aris an aromatic group, as defined above;
a and b are independently numbers of at least one, the sum of a and b being in the
range of two up to the total number of displacable hydrogens on the aromatic

20 nucleus or nuclei of Ar. In one embodiment, a and b are independently numbers
in the range of 1 to about 4, or to about 2. In one embodiment, R, and a are such
that there is an average of at least about 8 aliphatic carbon atoms provided by the
R, groups for each phenol compound.

In another embodiment, the molybdenum containing overbased metal salts

25 are borated molybdenum containing overbased metal salts. The molybdenum

containing borated overbased metal salts are prepared by reacting one of the



(typically carbon dioxide), with a mxture conprising an acidic organic
conpound, such as those descri bed above, a reaction nedium conprising at

| east On\‘fvoiorfﬁgﬁz organi ¢ solvent for the organi c nateri acr/@s00/35339

stoi chionetric excess of the alkali or alkaline earth basic netal

conpound, typically a netal hydroxide or oxide, and a 15 pronoter,

I ncl udi ng al coholic and phenolic pronoters, such as al cohols having about
one to about 12 carbon atonms (such as nethanol, ethanol, anyl al cohol,
octanol, isopropanol, and m xtures of these), and al kyl ated phenols (such
as heptyl phenols, octyl phenols, and nonyl phenols). Illustrative of alkal

or alkaline earth basic netal conpounds include 20 hydroxides, oxides,

al koxi des (typically those in which the al koxy group contains up to 10 and
or up to 7 carbon atons), hydrides and am tgs of alkali or alkaline earth
metal s. Useful basic netal conmpounds include |ithium hydroxide, sodium
hydr oxi de, potassi um hydr oxi de, magnesi um oxi de, cal ci um hydr oxi de, cal ci um
oxi de, and barpelswhyskcibedeborattdl aldfbhsedmibtal katd WrhaRidlyblRIndm e8hfatniagd
25 met hods of making the same are described in U S Patent” 4,627,928. Thrs
patent is heramoni Aderpativeledheynalgidenims sontaining dorated sivesbased metal salts
conpr ehensi ve disgys VI)OlégF352 PCTQUSCE%% 339 15 s“gy.qftEuLqule ti
pronoters is fIOgN P Rhas=Y Pat 'BRRIPOEU A Oroh GYBPeYf INtg 1gg dnigg,reaction
3,384, 586; andmBtd@2uatilto ARE thed B et chRGMIRG hidtarsdns. 1 ef erence for
their disclosure of pronoters. The tenperature at which the acidic materi al
is contacted with the 5 remminder of the reaction nass depends to a |arge

nmeasure upon the pronoti t _use Wth a_phenolic pronoter, the

t enper at ur e uség}qpayay%g%;@lef@g@gdc BEIRAEGMPRFNEN £+ om about
100C to about 200C. |\Wdhembodli&MOthe PblyHaERa %htéﬁid@?ﬁ%rﬁﬁsé@@oﬂb%@ﬁbhgg
agent, the tenmperature usually wll not  exceed the reflux tenperature of

t _he reacti on nawtpreparedbyﬁm:astling milyrdexriwsn cohiadingaeionsadithrean aikiah or htkaline

mxture of t heegr% ﬁ{e(ialoor\%arlgésced salt of an acidic organic compound. The alkali or alkaline

10 earth metal salts are prepared by reacting an acidic material, described below

(typically carbon dioxide), with a mixture comprising an acidic organic compound,

such as those described above, a reaction medium comprising at least one inert,

organic solvent for the organic material, a stoichiometric excess of the alkali or

alkaline earth basic metal compound, typically a metal hydroxide or oxide, and a

15 promoter, including alcoholic and phenolic promoters, such as alcohols having

about one to about 12 carbon atoms (such as methanol, ethanol, amyl alcohol,

octanol, isopropanol, and mixtures of these), and alkylated phenols (such as
heptylphenols, octylphenols, and nonylphenols).

lllustrative of alkali or alkaline earth basic metal compounds include

20 hydroxides, oxides, alkoxides (typically those in which the alkoxy group contains

up to 10 and or up to 7 carbon atoms), hydrides and amides of alkali or alkaline

earth metals. Useful basic metal compounds inciude lithium hydroxide, sodium

hydroxide, potassium hydroxide, magnesium oxide, calcium hydroxide, calcium

oxide, and barium hydroxide. The alkali and alkaline earth metal salts and

25 methods of making the same are described in U.S. Patent 4,627,928. This patent

is hereby incorporated by reference for such disclosure. A comprehensive discus-



conpound, the pronoter, the netal conpound and the reactive nedium are
also disclosed in the above cited patents, for exanple, U S. Patent

2,616, 90&,00‘]1%;59& ed within the known group of useful acieigsogBsxapi als are
formc acid, acétic acid, nitric acid, boric acid, sulfuric acid,

hydrochl ori c acid, hydrobrom c acid, carbam c 15 acid, substituted carbamc
acids, etc. Acetic acid is a very useful acidic material. |Inorganic acidic
conmpounds such as HCl, S021 SO3, C02, H2S, N203, etc., may also be

enpl oyed as the acidic materials. Preferred acidic materials are SO2, SQG3,
carbon di oxi de and acetic acid, or carbon dioxide. The nethods for
preparing the overbased materials are well known in the 20 prior art and
are disclosed, for exanple, in the followwng U S. Patent Nos.: 2,616,904,
2,616, 905; 2,616, 906; 3,242,080; 3,250, 710353, 256, 186; 3, 274, 135;

3,492, 231; and 4, 230,586. These patents discl ose processes, materials which
can be overbased, suitable netal bases, pronoters, and acidic materials.
These patents.areq| €i.n r n heseg i solgpis a5 -
O her 25 descr?%tni gﬁs%@%gﬁlygﬂg%?oﬁa{%%ga tgj'ghﬁ%g Sn?(:]ues'sg%r Q’malki’ ngﬁ

t hem can be foQgl6,904;t BS&obdGiwand 3J492, 224t enfreese? pafehtd Ide heagryragtt by
2,239,974; 2,319,121; WD 01/46352 PCT) USOO 35339 16 2, 337,552; 3,488, 284;
3, 595, 790; and'eferansegep thefhdiselogpie ARrOmPeIScor porated by reference for

their disclosures "‘rhle.hk bERL- aQ%NHEﬁC{Heb%Gid?cﬁf}?{é’ﬁehEP i€l dopdcted Witk ddhne
earth overbased conpositions nay e reacted wth nolybdenum contai ni ng

ani ogs to for nrémainaer pbthenteaction emaysadepends dy erlbrfeticastia usal the mbraatingi ¢
organi ¢ conpounds. The nol ébdenum_ani ons are delivered as npol ybdi? acid or
anmoni um or al REENt yRad WER piphegplic rmeler.dhataraperatyrg 4sHg Y 10958 fiopyabout

(NH4) 2 Moe 07 %BdoYé‘gaBBHFs a%;n?%rf@%gggﬁﬁdgﬂ%é%bgp?%Q%.%n drfla@Bfol

enbodi nent, the reactron is itated pepti zi ng agent.
Pepti zi ng agenbp mérchptim iengsed asthie ppdmblieg digept rtaanempifatdes asudlpdwill not

herein. This process and the nol ybdenum contai ni ng over based
exceed the reflux temperature of the reaction mixture.

10 Acidic materials, which are reacted with the mixture of the acidic organic
compound, the promoter, the metal compound and the reactive medium, are also
disclosed in the above cited patents, for example, U.S. Patent 2,616,904. Includ-
ed within the known group of useful acidic materials are formic acid, acetic acid,
nitric acid, boric acid, sulfuric acid, hydrochloric acid, hydrobromic acid, carbamic

15 acid, substituted carbamic acids, etc. Acetic acid is a very useful acidic material.
Inorganic acidic compounds such as HCI, SO,, SO,;, CO,, H,S, N,O,, etc., may
also be employed as the acidic materials. Preferred acidic materials are SO,, SO,,
carbon dioxide and acetic acid, or carbon dioxide.

The methods for preparing the overbased materials are well known in the

20 prior art and are disclosed, for example, in the following U.S. Patent Nos.:
2,616,904; 2,616,905; 2,616,906; 3,242,080; 3,250,710; 3,256,186, 3,274,135;
3,492,231; and 4,230,586. These patents disclose processes, materials which
can be overbased, suitable metal bases, promoters, and acidic materials. These
patents are incorporated herein by reference for these disclosures. Other

25 descriptions of basic sulfonate salts and techniques for making them can be found
in the following U.S. Patents: 2,174,110; 2,202,781; 2,239,974; 2,319,121,



conpositions are described in U S. Patent 3,541,014 (LeSuer). This patent
Is incorporated by reference for this disclosure. In another enbodi nent,

t he nol y%qﬁﬂggsgont ai ni ng overbased conpositions are praanEshobyssyeacting
t he conponents used in the overbasing 15 process in the presence of at

| east one organi c nol ybdenum conpl ex. The nol ybdenum cont ai ni ng organi c
conplex is or an am ne-nol ybdenum conpl ex, which are typically prepared by
a reaction of an acidic and organi ¢ nol ybdenum conpound with an am ne. The
nmol ybdenum conpounds i ncl ude nol ybdi ¢ acid, alkali netal nolybdates,
sodi um hydr ogen nol ybdat e, amoni um nol ybdate, 20 MbOCO 4, and nol ybdenum
trioxide. Sodi um nol ybdate and anmoni um nol ybdate are preferred. The

am ne- nol ybdenum conpl ex is in general prepared in an aqueous nmedium The
am ne is added to an aqueous sol ution of amei norganic nolybdenum conmpound.
The reaction mxture is kept at a tenperature between about 20 and about
100 C, or between about 50 and about 90 C, for about 0.5 25 to about 3

hours after the yjdidd qguad 2683 805 160; IhE 3 FTBUM2. Of hed@! dte PRFARSIAEYpot&ted

neutralize the reaction mxture is added before or after the introduction
of the WO 01/ 4bpseferariefoOtiiedodiBolosuesanithis.regast.r ong mneral acid i s used,

| furi id T i ne- nol yb conpl ipitates. It i
Cecover od by 1111 er ARGCOPOC BRAIRARRI Gapke AR & Pcrbassd copppefiorsmay

The conpl ex hagearsHhdd! With %fgrybdaﬁaﬁﬁrc%ﬂfa%mngeeﬁﬁ#ﬂs% Brrh hg]e IPSbAEnum

amne used. Its color varies fromwhite to bl Ue. is virtually 1 hsoluble

or 5 very spaconiginingoverbaeed meigidhaitsaf boii: orghpicatcompaundst iTheaholybdemgsn
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oxygen- cont ai nas(NElQgMoyQls 4fB0. dh saeleenbodichent ke teattion is facilitated by the use

of a peptizing agent. Peptizing agents include one or more of the dispersants
10 described herein. This process and the molybdenum containing overbased
compositions are described in U,S. Patent 3,541,014 (LeSuer). This patent is
incorporated by reference for this disclosure.
In another embodiment, the molybdenum containing overbased
compositions are prepared by reacting the components used in the overbasing
15 process in the presence of at least one organic molybdenum complex. The
molybdenum containing organic complex is or an amine-molybdenum complex,
which are typically prepared by a reaction of an acidic and organic molybdenum
compound with an amine. The molybdenum compounds include molybdic acid,
alkali metal molybdates, sodium hydrogen molybdate, ammonium molybdate,
20 MoOCl,, and molybdenum trioxide. Sodium molybdate and ammonium molybdate
are preferred. The amine-molybdenum complex is in general prepared in an
aqueous medium. The amine is added to an aqueous solution of an inorganic
molybdenum compound. The reaction mixture is kept at a temperature between
about 20° and about 100° C, or between about 50° and about 90° C, for about 0.5
25 to about 3 hours after the addition of the amine. The amount of acid necessary

to neutralize the reaction mixture is added before or after the introduction of the



1,3- and 1,4-glycols are very particularly suitable. Ethylene glycol and
propyl ene glycol are or used. Anongst the polyols, are glycerol and

trinmet hyévﬁloqhgggne. Sone ami nes, or pol yanm nes whi ch are miivosogl3sdsed, or

wi th ethyl"ene oxide or propylene oxide, are also suitable. The derivatives
of diethanol am ne or of 15 triethanol am ne may be nentioned. The
preparation of the nolybdenum containi ng overbased conpositions can be
carried out by heating the oxygen-containing conpound at about 90 - 100C
in the presence of a nol ybdenum conpound, such as anmoni um nol ybdate. The
wat er produced by the reaction is renoved using a stream of nitrogen. The
20 nmol ybdenum content of the conpl exes obtai ned varies between about 7% and
about 50% by wei ght, depending on the degree to which unreacted oxygen-
cont ai ni ng conpound has been renoved. The 17 gani ¢ nol ybdenum conpl ex can be
sul furized, for exanple, by the action of hydrogen sulfide (H2S) on a
suspension of the conplex in an aromatic 25 solvent such as xyl ene or

tol uene, at a FrAimeerAsHbAgFhinbedIvRANisAREY, of 8(ifadslagiio Uthel QRfine-folyBderim
i ntroduction of hydrogen sulfide, the color of the WD 01/ 46352

PCTI USOQ' 3533 omgex pseripitaten. Bhiarepeyerediby titarmgmfbevashedoyithyater and driegh
to red. The anpunt of. . hydroagen sul fide introduced i h that tF i
ot oot oo FuFaRbroRtat Ehe Mt hes B oMiisd TASE arte e, diberidlfo ShML
overbased prodysé of afiihauseAg IBRINRARMEE PR WHitBRE bASE Oft 68 igtubfly ifsdluble or

i nvention, are’clear .and st abl e and colored brown in ,the case of the
sul fonat es, deep spadeglyiselutie i hydrosairbidne. phenol at es and bl ack in the case
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derivatives. Teonteotdoft iheecaopleaivasies rdapeadng o tHe/mature of the amine used: it is
between about 10% and about 45%. Among the organic molybdenum complexes,
10 the complexes with oxygen-containing compounds may also be used. The 1,2-,
1,3- and 1,4-glycols are very particularly suitable. Ethylene glycol and propylene
glycol are or used. Amongst the polyols, are glycerol and trimethylolpropane.

Some amines, or polyamines which are alkoxylated, or with ethylene oxide

or propylene oxide, are also suitable. The derivatives of diethanolamine or of
15 triethanolamine may be mentioned.

The preparation of the molybdenum containing overbased compositions can
be carried out by heating the oxygen-containing compound at about 90° - 100°C
in the presence of a molybdenum compound, such as ammonium molybdate. The
water produced by the reaction is removed using a stream of nitrogen. The

20 molybdenum content of the complexes obtained varies between about 7% and
about 50% by weight, depending on the degree to which unreacted oxygen-
containing compound has been removed.

The organic molybdenum complex can be sulfurized, for example, by the
action of hydrogen sulifide (H,S) on a suspension of the complex in an aromatic

25 solvent such as xylene or toluene, at a temperature of between about 40°C and

about 100°C. From the introduction of hydrogen sulfide, the color of the



about 10% by weight, or fromabout 1 %to about 4% of nol ybdenum The

over based additives according to the invention are soluble or dispersible
in hydrQed;Ress. The nol ybdenum containing overbased salgcr/gsoepsazed with
nnlybdenun1an1ne conpl exes are described in U S. Patent 5,143,633. This 15
patent is incorporated by reference for its description of the nolybdenum
cont ai ni ng overbased salts and nethods of making the sanme. The follow ng
Exanpl es rel ate to nol ybdenum cont ai ni ng overbased conpositions and

nmet hods of nmaking the sane. In the Exanples, as well as elsewhere in the
specification and clainms, unless the context indicates otherw se, 20 the
parts and percentages are by weight, the tenperature is degrees Cel sius,
and the pressure is atnospheric. In the exanples the basicity of these
overbased additives is characterized by tt&ir neutralization nunber or AV
(al kali value) is expressed in ng of KOH per gram of product. It is
determ ned by titration with aid of a strong acid in accordance with the

st andar d ASTMJ&s%»%%;onV&MP\yeéeﬁﬁRbR@T Qo3 2k theAr®réd Mrhe Gouint of
solution of 41 of sodi um nol ybdate Na2MoO4 H2Oin 100 mi of water is

prepared in a m@a@g@m smﬂdee@trWuqedassanlpmadttm starvigtratid obsudfus te malykgenum
device. The m e is, ac i addi ng 55.6 g of 30% H2SO4 and t hen
heated to 60 dsﬁg'f'\qﬁ?gapg g 8\/%9‘% the addition of 21 g of Dinoram C
from CECA SA. Di norpme &/erﬁaéé&ﬁmmx@fs ddhtélhmgfrﬁélwbénlﬁnl\bﬂiah@ﬁ%)céo%to\@h@re

Ris a mxture of straight- chain saturated kyl radicals contalning 60%
of A2, 20% oflnmniiorlcaredeatmchsiablasa@d)bomai biidwen il the gasecofithesuifonates,

ocover ed Y ThALeli ke 85 LGS AESAGG Uk ot 05 W BHIERY
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conpl ex from ahdfueizedvomplex.uiTaei ropoitionesf. mdlgbdenudr® inérporated in the additive

is close to 100%, higher than the proportions obtained during incorporation of

10 inorganic molybdenum derivatives. The additive contains from about 0.1% to

about 10% by weight, or from about 1% to about 4% of molybdenum. The

overbased additives according to the invention are soluble or dispersible in

hydrocarbons. The molybdenum containing overbased salts prepared with

molybdenum amine complexes are described in U.S. Patent 5,143,633. This

15 patent is incorporated by reference for its description of the molybdenum
containing overbased salts and methods of making the same.

The following Examples relate to molybdenum containing overbased
compositions and methods of making the same. In the Examples, as well as
elsewhere in the specification and claims, unless the context indicates otherwise,

20 the parts and percentages are by weight, the temperature is degrees Celsius, and
the pressure is atmospheric. In the examples the basicity of these overbased
additives is characterized by their neutralization number or AV (alkali value) is
expressed in mg of KOH per gram of product. Itis determined by titration with aid
of a strong acid in accordance with the standard ASTM D-2896.



g of al kyl xyl enesul fonic acid having C16_18 straight-chain al kyl chain and
a nol ecul ar wei ght of 430 and contai ning 96% of active substance, 168 g of
di | uent f}4b35300 Neutral solvent, 113.24 g of sl aked | ipca/gdood&H purity
and 48 of nethanol are added to the m xture. After neutralization of
the sulfonic acid wwth the line, which, if appropriate, can be carried out
by heating the reaction mxture at 60C for 30 mnutes, 55.2 g of carbon

di oxi de gas are then introduced into the mxture which is kept at a
tenperature of 42C. 20 After carbonation and renoval of water and net hanol
under partial vacuum the solid residues are renoved by centrifuging.
After evaporating off the solvent, 448 g of nol ybdenum cont ai ni ng
superbasic sul fonate are recovered; neutralization nunber= 300, its
calciumcontents is 11. 7% and its nol ybdern content 2.17% It is stable
on dilution in lubricant oils. 25 Exanple M2 WO 01/ 46352 PCTI USOQJ' 35339
20 (a) A dispersion of 20 g of the conplex prepared in Exanple M1 in 200
m of xylene is prepared in a 250 Ml eExaaipk M-itted with a tenperature
control, a stirrer and a gas bubbling system 6.7 of H2S are in{ected

(1o the i spersi orokAgoluen oA 1CT7 o sedii malytitate dleMos 2t i 1@ ml of
th t.ai 0 . 0 ;
55, 700 of | SUREL PRSI R 18abl0y e it 3 BRIDEPER Soni A stk LRIER.

sul phurized DTy dmtufe iTRICIRIRNMYHEOREI556 §iof30Pd 18,90 24Ad tiirehgategen deticCi n
520 mM of xylene, this bei ng carried out before the introduction of the
e

ot hed react antBhis Friellowgddvdee gditiopeafli @ Ak Dinorameh fiopn CEGA BAat Digpram C
ol ybdenum conEaPRACE ipdr KT B NEHAGHD + S G iR g A Rt bty
T Yo o BSOS SR AR R ISP O 0y 3001 o
dilution in | /dhicd&hs. Tdid blue precipitate is recovered by filtering off and then washing with
water and with methanol before drying. Finally, 47.1 g of blue solid containing
10 32.6% of molybdenum and 4.4% of nitrogen are recovered.
(b) A reaction vessel is charged with 520 ml of xylene and 30 grams of the
Dinoram C/molybdenum complex from above. The mixture is stirred. Then, 131.8
g of alkylxylenesulfonic acid having C,..; straight-chain alkyl chain and a
molecular weight of 430 and containing 96% of active substance, 168 g of diluent
15 oil 100 Neutral solvent, 113.24 g of slaked lime of 96% purity and 48 ml of
methanol are added to the mixture. After neutralization of the sulfonic acid with
the lime, which, if appropriate, can be carried out by heating the reaction mixture
at 60°C for 30 minutes, 55.2 g of carbon dioxide gas are then introduced into the
mixture which is kept at a temperature of 42°C.
20 After carbonation and removal of water and methanol under partial vacuum,
the solid residues are removed by centrifuging. After evaporating off the solvent,
448 g of molybdenum-containing superbasic sulfonate are recovered,

neutralization number= 300, its calcium contents is 11.7% and its molybdenum

content 2.17%. It is stable on dilution in lubricant oils.

25 Example M-2



Exanple M3 15 (a) A 2-ethyl hexyl am ne/ nol ybdenum conpl ex is prepared as
follows: The procedure is as in Exanple M1 but 9.9 g of 98%

2- et hyl h@gydlg@gsee are added at 60C before heating and aaicii/fscasizen and
are introduced in the course of 20 mnutes into an agueous sol ution
containing 15.44 g of sodium nol ybdate and kept at 60 C. After heating at
60 C. for 45 mnutes, the mxture is acidified with 20 23.1 g of 30%

sul furic acid, before washing and drying the product. The latter is in the

formof a white solid containing 36.8% of nol ybdenum and 4. 38% of

nitrogen. (b) The procedure is as in Exanple M1, but 28 g of the

2- et hyl hexyl ami ne conpl ex prepared in Exanple M 3(a) are suspended in 520
m of xylene before 25 the introduction of the other reactants. The
procedure is the sane as in Exanple M1 ex2ept that the residues are
removed by centrifuging. A brown product of AV WO 01/46352 PCT/ US00/ 35339
21 = 353 is collected. The cal ci um and nol ybdenum contents are,
respectively, 12.2 (é:)mddi!;ﬁeﬂs%n SN20 §lofbrd ¢dnvipleR gé;batb'ucm ExBrpgdM-¢ anR0g IS
is perfect. Exanple M4 The procedure is as iIn anple M1 (b), but 600

mlililiters of ofgplengis prepares igreshd ol resictodisieg vitna terapeatwiei condiol. @ $tiiErng

| ecul i ght. of 52 d t aini ng, 7Q% of. active, subst. . 30
o The_connl oxoid adre RPRE syelel B b RS A8 mRtled Bio S ERSRIoh kAT
mlliliters of goethedeertret $BIidddibERUSAR reABURINf 38 86IvERt GSraMs P8.4% of

diluent oil are introduced successively into the reactor. The product
col | Bcted is brolbderiusar3.8doknitibpen and@3. 8% dffseliforl ci um and 10
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being carried out before the introduction of the other reactants. The sequence of
operations is identical to that of Example M-1 except that the residues are
10 removed by centrifuging. A molybdenum-containing superbasic sulphonate is
collected; AV = 304. The molybdenum, sulphur and calcium contents are,
respectively, 1.63, 3.4 and 11.7%. The product obtained has a brown-red color

and it is stable on dilution in lubricant oils.

Example M-3
15 (a) A 2-ethylhexylamine/molybdenum complex is prepared as follows: The
procedure is as in Example M-1 but 9.9 g of 98% 2-ethylhexylamine are added at
60°C before heating and acidification and are introduced in the course of 20
minutes into an aqueous solution containing 15.44 g of sodium molybdate and
kept at 60° C. After heating at 60° C. for 45 minutes, the mixture is acidified with
20 23.1 g of 30% sulfuric acid, before washing and drying the product. The latter is
in the form of a white solid containing 36.8% of molybdenum and 4.38% of
nitrogen.

(b) The procedure is as in Example M-1, but 28 g of the 2-ethylthexylamine
complex prepared in Example M-3(a) are suspended in 520 mi of xylene before
25 the introduction of the other reactants. The procedure is the same as in Example

M-1 except that the residues are removed by centrifuging. A brown product of AV

n



except that 52.7 grans of CO2 are introduced during the carbonation. After
15 centrifugi ng, 448 grans of nol ybdenum containi ng superbasei c sul fonate
are recnfdifgss2AV=298. The cal ci um and nol ybdenum cont engsr/asm/35339
respectively, 11.7%and 2.1 % Exanple M5 (A) A mxture of 44 parts (all
parts refer to parts by weight) of the product 20 of Exanple M4(b), 10
parts mneral oil, and 24 parts of the reaction product of polyisobutene
(Mh= 750)-substituted succinic anhydride with a cormmercial m xture of

pol yet hyl ene pol yam nes havi ng an average conposition corresponding to that
of tetraethylene pentamne (reacted in a ratio of equivalents of 1:1
according to the procedure of U S. patent 3,172,892, e.g., Exanple 12
thereof) is prepared and 25 heated to about 75 C. over a 1.5 hour period.
The weight ratio of peptizing agent to orbased material is 5:95. To this
solution there is added 520 parts of an WD 01/46352 PCT/ US00/ 35339 22
aqueous ammoni um nol ybdate sol ution previously prepared by m xing 265 parts

by wei ght of we8%3isyilleded. Tt caldidmEndifolybdefuféBIRESisdre ABBPAELIVElY, 12.2
nol ybdate (anmoni um di nol ybdate sold by the Cinmax Ml ybdenum Conpany

having a con@isi 1.98M.c bhe stahiliteiongdituiontie lukyicsnt qilg isHpBrfaMb207 cont ai ni ng

about 56.5% by 5 wei ght nol ybdenum OVE;‘ a } i! gour period while
mai ntai ning a tenperature at about 705 MBSt | ng in a nolar ratio of

barium to nol ybdenurRedprobeduhBis d9t Exampld MIG(D) CBGH 6N nimferd f dAehed132
under reflux conditions at about 150C. for about 8.8 hours. Subsequently,

the I xture i gramsvef didodecyibenzpnesatfonibagid bapiagts npdeculanweightidf&20 and
L g S B e o o Sk b R >
FEOUL 150 oMY, HAERRRSS DAl 92 WMGE SesElAD W tes o,
and i s char actamimped amy 90 gramg of 8ilGEadi\arewitgiducedisybdessivelnindo e Rhctorby
wei ght bari umThe product collected is brown, clear and stable in oils. The calcium and
10 molybdenum contents are, respectively, 10 and 2.35%.
The procedure is as in Example M-1, but 30 grams of the complex prepared

in Example M-1(a) are introduced into 520 milliliters of toluene before the addition

of other reactants. The sequence of operations is identical to that of Example 1

except that 52.7 grams of CO, are introduced during the carbonation. After
16 centrifuging, 448 grams of molybdenum-containing superbaseic sulfonate are

recovered. AV=298. The calcium and molybdenum contents are , respectively,

11.7% and 2.1%.

Example M-5
(A) A mixture of 44 parts (all parts refer to parts by weight) of the product

20 of Example M-4(b), 10 parts mineral oil, and 24 parts of the reaction product of

polyisobutene (Mn=750)-substituted succinic anhydride with a commercial mixture

of polyethylene polyamines having an average composition corresponding to that

of tetraethylene pentamine (reacted in a ratio of equivalents of 1:1 according to the

procedure of U.S. patent 3,172,892, e.g., Example 12 thereof) is prepared and
25 heated to about 75° C. over a 1.5 hour period. The weight ratio of peptizing agent

to overbased material is 5:95. To this solution there is added 520 parts of an



(B) To a mxture of 2.285 grans of the overbased product of Exanple M 15
4(b) and 125 grans of the peptizing agent referred to above (Exanple
M5(a))’w0;oli'/§£3§2i s added slowy over three hours 2600 gr v/ ooass3RqUEOUS
solution o anmoni um par anol ybdat e tetrahydrate (prepared by m xing 1300
grans of the nolybdate and 1300 grans of water) while maintaining a
tenperature slightly above 70 C. The weight ratio of peptizing agent to
over based product is 5:95 and 20 the bariumto nol ybdenum nolar ratio of
1:1.47. Ammonia, carbon dioxide, and water are evolved during the ensuing
reaction. Thereafter, nitrogen is bubbled through the reaction mass to
renove water and gases during which tinme the product is heated to 170C for
four hours. Then a comercial filter aid is added and the nass is
filtered. The filtrate weighs 2.710 grans2and contai ns 20.2% by 25 wei ght
nol ybdenum 21. 6% by wei ght barium and 25.3% by weight oil. WO 01/ 46352
PCT/ USOQ' 35339 23 Phosphorus Conpounds As descri bed above, the nol ybdenum

cont ai ni ng conR@gblis arhrishiufn Mof/bdasesolution pravid\&ly prepired BﬁﬁiixiﬂpQGS parts
phosphorus containing antiwear/€extreme pressure agent selected froma
met al t hi ophodbyiweight of watesamb26% pads by weight oba conmsagrcial Bmmeatiumonolybdate

Phosphite.  ThaeRupie: Qe aaie tyoBR: Elineg WMolpeBhug boginand Fafeg.e
lubricants andg St rrddpehdihgab ik foftiBla (NH, Y J,0), BBRIHINIRG Y Bt S5 A By
e b I Rei ght 0

or up to about %0% by wel g ased on the total wei f ghe | ubri cant,
or fauncti onal wWdightdmolybdenoed)lgver tahe Sgims peoodsvkiEnmaintaimingattempeardtyre akne

0. 5% or 17 omPReBbI OB as BB a MAFRr eliRORATM fR oy HdsBuphBE i el e
Comur Lone o "CATTEA RUHBTT, MASHLERAUIRRL Ly RRERRAS & o8 AP Bl
phosphor us antg8.8waursagdubsecguentlgstetmature is elown Withmiiadgen at 8bdut% partspeut

>% or from a%%%tr \A?Hil?é%m%rintgi?\ir?gb?#é tér%?ae%uryg{ggg&u%oq' é.%%cgroan additional 1.3

10 hours. The nitrogen blowing is thereafter ceased, the mixture is maintained at

about 150° C. for an additional hour and the entire reaction mass is filtered. The

filtrate contains the desired molybdenum-containing complex and is characterized

by having 19.67% by weight molybdenum and 21.81% by weight barium.

(B) To a mixture of 2.285 grams of the overbased product of Example M-

15 4(b) and 125 grams of the peptizing agent referred to above (Example M-5(a)),

there is added slowly over three hours 2600 grams of an agueous solution of

ammonium paramolybdate tetrahydrate (prepared by mixing 1300 grams of the

molybdate and 1300 grams of water) while maintaining a temperature slightly

above 70° C. The weight ratio of peptizing agent to overbased productis 5:95 and

20 the barium to molybdenum molar ratio of 1:1.47. Ammonia, carbon dioxide, and

water are evolved during the ensuing reaction. Thereafter, nitrogen is bubbled

through the reaction mass to remove water and gases during which time the

product is heated to 170°C for four hours. Then a commercial filter aid is added

and the mass is filtered. The filtrate weighs 2.710 grams and contains 20.2% by

25 weight molybdenum, 21.6% by weight barium, and 25.3% by weight oil.



15 about 3% or fromO.7%to about 2% by weight in the lubricating
conposition. The total phosphorus is usually less than about 0.1 % or
less thag %894 or |ess than about 0.08% by weight. |n peRuSwI3s339
enbodlnent the phosphorus antiwear agent is present at an anmount from
about 0.05%to about 1% or from about 0.2%to about 0.8% or from about
0.3%to about 0.7% by weight of the lubricating 20 conposition. Exanples
of phosphorus containing antiwear/extrene pressure agents include a netal
t hi ophosphate; a phosphoric acid ester or salt thereof; a

phosphor us-cont ai ni ng carboxylic acid, ester, ether, or am de; and a
phosphite. The phosphorus acids include the phosphoric, phosphonic,
phosphi ni ¢ and 25 t hi ophosphoric acids including dithiophosphoric acid as
wel | as the nonot hi ophosphoric acid, thi@shosphinic and thi ophosphonic
acids. WO 01/46352 PCTI USOQ 35339 24 In one enbodi nent, the phosphorus
contai ning antiwear/extrene pressure agent is a phosphorus acid ester

- prepared by readdphere€ofipdiiide phosphorus acid or anhydride with an

al cohol contai ni ng fromone, or about 3 carbon atonms. The al cohol

general |y contains Aq)dsécrzstmdjabgme, e uplybde@boupomjnim coprasitigrosalts al
carbon atons. Th orus aci.d or e is generall I nor gani ¢
phosphor us realy&dt ! n 5'??"3@ %oasipl?&sﬁs rt%rPJWPB@US HBEtSHB?QgsaQQMW(%@eme
phosphor us t etgre¥d e, ageM SERRAALS Bk & métAPHRIBH: déEhQ%' i oslpﬂ\’yﬁ& aEIbOéQBPBHS
esters, or a phosphorus sulfide, including phosphorus pentasul fide, and the
li kéd Exanpl w!tdherﬁnfsphargh'@sabow tmntammgjcattlbexylnmad:nddestpho&ibbnrcusam|de

ent oxi de, 10 hos oru e e and phosphorus trichl ori de.
P osphor s acidnd 2 BhgstRD  Ehe P sh A A A B O ae s B P A PR TR |
each ester grQH%ca-Fﬁ§anB*'fGﬁ@tm{éF$luﬂﬁ§t§?é\/%'i of‘ﬁ%t@%b@%@%‘ﬁb ﬂ/blglﬂ”or up, to

tri phosphoric acid ester. Al cohols used to prepare t orus acid
esters incl udeabout $D% byweight -tedeg drethgltotal veight pfthretlybrjcarita;rlfunamatflelslol

al cohol s. Exanpl es of cornTe %I ally avail abl e
ypically, the phosphorus containing antlwear/extreme pressure agent is present

10 at a level from about 0.1%, or from about 0.5%, or from about 0.8% by weight. In
one embodiment, the phosphorus containing antiwear/extreme pressure agent is
present in an amount up to about 10%, or up to about 3%, or up to about 2% by
weight. Typically, the phosphorus antiwear agent is present at a level from about
0.1% to about 5%, or from about 0.3% or to about 4%, or from about 0.5% to

15 about 3%, or from 0.7% to about 2% by weight in the lubricating composition. The
total phosphorus is usually less than about 0.1%, or less than 0.09%, or less than
about 0.08% by weight. In another embodiment, the phosphorus antiwear agent
is present at an amount from about 0.05% to about 1%, or from about 0.2% to
about 0.8%, or from about 0.3% to about 0.7% by weight of the lubricating

20 composition.

Examples of phosphorus containing antiwear/extreme pressure agents

include a metal thiophosphate; a phosphoric acid ester or salt thereof; a
phosphorus-containing carboxylic acid, ester, ether, or amide; and a phosphite.

The phosphorus acids include the phosphoric, phosphonic, phosphinic and

25 thiophosphoric acids including dithiophosphoric acid as well as the

monothiophosphoric acid, thiophosphinic and thiophosphonic acids.



15 al cohol s include Alfol 810 (a m xture of primarily straight chain,
primary al cohols having from8 to 10 carbon atons); Alfol 1218 (a m xture
of synt hﬁ‘# f/a6pdai Mary, straight-chain al cohol s contai ni npci/@séomss3i® car bon
atons) ; o( 20+ al cohols (m xtures of C18-C28 prinmary al cohols having
nostly C20 al cohols as determ ned by G.C (gas-1liquid-chromatography)); and
Al fol 22+ al cohols (C18-C28 primary 20 al cohols containing primarily C22

al cohols). Alfol alcohols are available from Continental G| Conpany.

Anot her exanmple of a commercially avail abl e al cohol m xtures are Adol 60
(about 75% by wei ght of a straight chain C22 primary al cohol, about 15% of
a C20 primary al cohol and about 8% of C18 and C24 al cohols) and Adol 320
(ol eyl 25 alcohol). The Adol al cohols are marketed by Ashland Chemical. WO
01/ 46352 PCTI USOQ 35339 25 A variety of nR&tures of nonohydric fatty

al cohol s derived fromnaturally occurring triglycerides and ranging in
chain length of fromabout C8 to C18 are available fromProcter & Ganbl e

Conpany. These m xt | &fe 6@BbdintetaineBHosphoRIEHontAhinganitiwedr/eftehte pressure
containing mainly 12, 14, 16, or 18 carbon atonms. For 5 exanple, 1214 is

a fatty al cohohgemixis @& ehespiaius iaaig esiebpteprresl by aeacting oneer owre phogphlorus
al cohol , 26.0% of, Cl4 . .al,cqhol..,and 6.5% of .C16 al cohol. Anoth rou f
commerch ai Iy a0afSHEMEYHge SRR alioRaloamanniste) She. i ARl s Aep T afies
from Shel | Chefrhgalicdpol gBRErANaERtAns NpadalbodB 30Sorup e bHbEL 28] orldPtcRarbotl 3
al cohol s; Neodol 25 is a mxture of Cl12 and Cl15 al cohols; and Neodol 10 45
is abm xture ofl2Chbon altads| iTheaphesptwings acid\eoanhydditei is generaliyuar irngrganic
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a C15 C18 fracestens, or a phosphorus sulfide, including phosphorus pentasulfide, and the like.
Examples of phosphorus acids or anhydrides include phosphorus pentoxide,
10 phosphorus pentasulfide and phosphorus trichloride. Lower phosphorus acid
esters generally contain from 1 to about 7 carbon atoms in each ester group. The
phosphorus acid ester may be a mono-, di- or triphosphoric acid ester. Alcohols
used to prepare the phosphorus acid esters include butyl, amyl, 2-ethylhexyl,
hexyl, octyl, oleyl, and cresol alcohols. Examples of commercially available
15 alcohols include Alfol 810 (a mixture of primarily straight chain, primary alcohols
having from 8 to 10 carbon atoms); Alfol 1218 (a mixture of synthetic, primary,
straight-chain alcohols containing 12 to 18 carbon atoms); Alfoi 20+ alcohols
(mixtures of C,5-C,, primary alcohols having mostly C,, alcohols as determined by
GLC (gas-liquid-chromatography)); and Alfol 22+ alcohols (C,s-C,3 primary
20 alcohols containing primarily C,, alcohols). Alfol alcohols are available from
Continental Oil Company.
Another example of a commercially available alcohol mixtures are Adol 60
(about 75% by weight of a straight chain C,, primary alcohol, about 15% of a C,,
primary alcohol and about 8% of C,; and C,, alcohols) and Adol 320 (oleyi
25 alcohol). The Adol alcohols are marketed by Ashland Chemical.



Exanpl es of useful phosphorus acid esters include the phosphoric acid
esters prepared by reacting a phosphoric acid or anhydride with cresol

al cohol s ﬁg&anpl e of these phosphorus acid esters i s pcT/US00/35339
trlcresyléﬁosp ate. In another enbodi nent, the phosphorus antiwear/extrene
pressure agent 20 is a thiophosphorus aC|d ester or salt thereof. The

t hi ophosphorus acid ester nay be prepared by reacting a phosphorus

sul fide, such as those described above, wth an alcohol, such as those
descri bed above. The thi ophosphorus acid esters nay be nono- or

di t hi ophosphorus acid esters. Thiophosphorus acid esters are also referred
to generally as thiophosphoric acids. 25 In one enbodi nent, the phosphorus
acid ester is a nonothi ophosphoric acid ester or a nonot hi ophosphate.

Monot hi ophosphat es nmaybe prepared by the VA% 01/ 46352 PCTI USOQ 35339 26
reaction of a sulfur source with a di hydrocarbyl phosphite. The sul fur
source may for instance be elenental sulfur. The sul fur source nay al so be

a monosul fide, such \agiegy éﬂthnré@uph@doﬁy@rfé ﬂatgfaléoﬁélbfdérnvéélfFBrﬁqHaturally
di t hi ophosphate. Elenental sulfur is a preferre fur source

prepar ati on ofocmidng trigycssjsest arnd ranglng n5 cbhivslesigtm otUfrem RAPENC, 40 155 2Be 1
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formed in the lubricant b by addi ng a di hydrocar byl phosphite to a
| ubrbcati ng coexsosple] GO-t214 mafattg akcohol muctummnmanmglﬂ:ﬁ%acﬁcao sigbhat, 68 £36

olefin. 10 The osphi t react with th ur _.so under bl endin
conditions (i. %fo(lg %?H?irgéfaéﬁy‘bgﬁér«ﬂ?%@f‘gﬁél %{%’@(ﬂﬁo 0C or hi gher)gto
form the nonot hi opRRSIRRAIFoup ’bf%&?ﬁr“@?@[ﬂ’%osﬁ]m&pﬁe@hﬁﬁm%@ "Neodol"

anti wear/extreme pressure agent 1S oric aci
phosphor odi t hi prioduatsi akail@blke fdorni8 hehisgrhimal €oadiod exampiegNdoelol 8B ria enikioe by

the formila ( Rq)&fggg CV:?e coholseﬁ%gdoﬁ issisianrﬂ& uerg% 8'[12| a/nd C,s alcohols; and Neodol
10 45 is a mixture of C,, to C,; linear alcohols. Neodol 91 is a mixture of C,, C,, and
C,, alcohols.
Fatty vicinal diols also are useful and these include those available from
Ashland Oil under the general trade designation Adol 114 and Adol 158. The
former is derived from a straight chain alpha olefin fraction of C,,-C,,, and the latter
156 is derived from a C,5-C,; fraction.
Examples of useful phosphorus acid esters include the phosphoric acid
esters prepared by reacting a phosphoric acid or anhydride with cresol alcohols.
An example of these phosphorus acid esters is tricresylphosphate.
In another embodiment, the phosphorus antiwear/extreme pressure agent
20 is a thiophosphorus acid ester or salt thereof. The thiophosphorus acid ester may
be prepared by reacting a phosphorus sulfide, such as those described above,
with an alcohol, such as those described above. The thiophosphorus acid esters
may be mono- or dithiophosphorus acid esters. Thiophosphorus acid esters are
also referred to generally as thiophosphoric acids.
25 In one embodiment, the phosphorus acid ester is a monothiophosphoric

acid ester or a monothiophosphate. Monothiophosphates may be prepared by the



a hydrocarbyl group containing fromabout 3 to about 30 carbon atons. R
generally contains up to about 18, or to about 12, or to about 8 carbon
atoms. Fxa 485 R include isopropyl, isobutyl, n-butyl, pggassberssshy the
various amyl, n-hexyl, nethylisobutyl carbinyl, heptyl, 2-ethyl hexyl,

I sooctyl, nonyl, behenyl, 20 decyl, dodecyl, and tridecyl groups.

Il lTustrative | ower alkylphenyl R groups include butylphenyl, anylphenyl,
hept yl phenyl, etc. Exanples of m xtures of R groups include: 1-butyl and
l-octyl; 1-pentyl and 2-ethyl-1-hexyl; isobutyl and n-hexyl; isobutyl and
| soanyl; 2-propyl and 2-nethyl-4-pentyl; isopropyl and sec-butyl; and

| sopropyl and isooctyl. 25 In one enbodi nent, the dithiophosphoric acid may
be reacted with an epoxide or a glycol. This reaction product may be used
al one, or further reacted WO 01/46352 PCT26)SOQ' 35339 27 with a phosphorus
acid, anhydride, or |lower ester. The epoxide is generally an aliphatic
epoxi de or a styrene oxide. Exanples of useful epoxides include ethylene

oxi de, propyl RAgtieXbfig suhﬁ'ﬁsﬁﬂﬁc@mtﬂ% dlﬁga%grmbﬁsglprq@de%@m s8@rce may
styrene oxide, etc. Propylene oxide is preferred he gl ycols may be

aliphatic 5 g“pymsltanmbem@meotal sulfyr. aborisulfur, scmrceahmyc alsotb@ abbuarosfide; 2
or 3 carbon atons r omat col s. cols . in Ien

propyl ene gl yRHEN é%gt%gﬁ&coup‘egs%pﬁn 052 s“ﬁ'rﬁ onRled ‘i‘b‘ aﬁ?n gb%BéB%érl c
aci ds, gl ycol gifu ROX brstErred OGRS fice. Pf'ﬁé Bl‘Eb’dﬂétudr?@QrﬁBﬁéth haﬁe@ss Qis-
reacting the sane are described in U S patent 3,197,405 pat ent
3, 5834, 465 whidbsed i Urﬁoﬁ"p’@m&ﬂeﬁﬂ)éiblandH?CTfmmel’mmreW@ 87d®763ﬂa|whlch are
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may also be formed in the lubricant blend by adding a dihydrocarby! phosphite to
a lubricating compaosition containing a sulfur source, such as a sulfurized olefin.
10 The phosphite may react with the sulfur source under blending conditions (i.e.,
temperatures from about 30°C to about 100°C or higher) to form the
monothiophosphate.
In another embodiment, the phosphorus antiwear/extreme pressure agent
is a dithiophosphoric acid or phosphorodithioic acid. The dithiophosphoric acid
15 may be represented by the formula (RO),PSSH wherein each R is independently
a hydrocarbyl group containing from about 3 to about 30 carbon atoms. R
generally contains up to about 18, or to about 12, or to about 8 carbon atoms.
Examples R include isopropyl, isobutyl, n-butyl, sec-butyl, the various amyl,
n-hexyl, methylisobutyl carbinyl, heptyl, 2-ethylhexyl, isooctyl, nonyl, behenyl,
20 decyl, dodecyl, and tridecyl groups. lllustrative lower alkylphenyl R groups include
butylphenyl, amylphenyl, heptylphenyl, etc. Examples of mixtures of R groups
include: 1-butyl and 1-octyl; 1-pentyl and 2-ethyl-1-hexyl; isobutyl and n-hexyl,
isobutyl and isoamyl; 2-propyl and 2-methyl-4-pentyl; isopropyl and sec-butyl; and
isopropyi and isooctyl.
25 In one embodiment, the dithiophosphoric acid may be reacted with an

epoxide or a glycol. This reaction product may be used alone, or further reacted



oate (prepared by reacting di(4-nethyl-2-pentyl)-phosphorodithioic acid
with 1.3 noles of propylene oxide at 25C). The m xture is heated at 75C
for 2.5 ﬂ@Nﬁﬁaﬁznixed with a diatomaceous earth and filt epEgusio333¢. The
filtrate contains 11.8% by wei ght phosphorus, 15.2% by wei ght sulfur, and
an acid nunber of 87 20 (bronmophenol blue). Exanple B-2 A m xture of 667
grans of phosphorus pentoxide and the reaction product of 3514 grans of

di i sopropyl phosphorodithioic acid with 986 grans of propylene oxide at
50C is heated at 85C for 3 hours and filtered. The filtrate contains 25
15. 3% by wei ght phosphorus, 19.6% by wei ght sul fur, and an acid nunber of
126 (bronophenol blue). WO 01/46352 PCT/ US00/ 35339 28 Aci di ¢ phosphoric
acid esters nay be reacted with ammonia, an am ne conpound or a netallic
base to forman amonium or netal salt. Thg salts may be forned separately
and then the salt of the phosphorus acid ester nay be added to the

| ubricating conposition. Alternately, the salts nay also be forned in situ

5 when the aciythta BRESTHSHIY BcRE IdhnGaFigs, bSloNlePRERS, WHeHENEE | 9@9&%?%% to
form a fully fornulated Iubricating conposition. The am ne salts of the

phosphor us achlipkaticeeporige be af stynarte foxie. doxmmples of usefubepogidesninicludieng
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liné 4 to Col gly2dls tha'w_rimg ffom 1 rkeabopta‘saacge;bomartg aboubBpor 2toed carkoratorhy,
atoms. or 160UArBaHBEbEoRs, ChEolNE B asNNoRS ShonbPrabuRES ScainsPRRTTEn
monoam nes i Neldidgingl, and the like. The dithiophosphoric acids, glycols, epoxides, inorganic
phosphorus reagents and methods of reacting the same are described in U.S.
patent 3,197,405 and U.S. patent 3,544,465 which are incorporated herein by
10 reference for their disclosure to these. ,
The following Examples B-1 and B-2 exemplify the preparation of useful
phosphorus acid esters.
Example B-1
Phosphorus pentoxide (64 grams) is added at 58°C over a period of 45
15 minutes to 514 grams of hydroxypropyl O,0-di(4-methyl-2-pentyl)phosphorodithi-
oate (prepared by reacting di(4-methyl-2-pentyl)-phosphorodithioic acid with 1.3
moles of propylene oxide at 25°C). The mixture is heated at 75°C for 2.5 hours,
mixed with a diatomaceous earth and filtered at 70°C. The filtrate contains 11.8%
by weight phosphorus, 15.2% by weight sulfur, and an acid number of 87
20 (bromophenol blue).
Example B-2
A mixture of 667 grams of phosphorus pentoxide and the reaction product
of 3514 grams of diisopropy! phosphorodithioic acid with 986 grams of propylene
oxide at 50°C is heated at 85°C for 3 hours and filtered. The filtrate contains
25 15.3% by weight phosphorus, 19.6% by weight sulfur, and an acid number of 126

(bromophenol blue).



met hyl am ne, ethyl am ne, propyl am ne, butylam ne, octylam ne, and

dodecyl am ne, di nethyl am ne, diethylam ne, dipropylam ne, dibutylam ne,

nmet hyl ‘g#hglhgg} ne, ethyl hexylam ne, trinmethylam ne, tripegindoasisse, nethyl
di et hyl a , ethyl dibutylam ne, etc. 20 In one enbodi nent, the am ne may
be a fatty (C4_30) am ne which include n-hexylam ne, n-octylam ne,

n- decyl am ne, n-dodecyl am ne, n-tetradecyl am ne, n-hexadecyl am ne,

n- oct adecyl am ne, ol eylanm ne, etc. Also useful fatty am nes include
commercially available fatty am nes such as "Arneen"” am nes (products

avai l abl e from Armak Chem cal s, Chicago, IlIlinois), such as Armak's
Arnmeen-C, 25 Arneen-O, Arneen-QOL, Arneen-T, Arneen-HT, Arneen S and Arneen
SD, WD 01/46352 PCTI USOQ' 35339 29 wherein the letter designation rel ates
to the fatty group, such as cocoa, oleyl, 2gtallow, or soya groups. O her
useful am nes include primary ether am nes, such as those represented by
the formula, R'"(OR )XNH2 , wherein R is a divalent alkylene group 5

having about 2 toi g‘t&% yﬁoﬁé‘lﬁ@r‘i}f‘ﬁé‘iﬁ‘)@’sﬁte@(n{'az Be eakes Wigrpﬁhﬁﬁéniﬁpaﬁbé?ﬁfnelf’o

(or one), and R rocar byl group of about 5 to about 150 carbon
atons. An exesopipeuat crra metadlic basent® fosmareamaidnéuramd enetahsalhahize Sal-Adyr )

am nes produced and marketed by Mars Chem cal Corrgar&/, C@sjl ant a, or(g’f.
Preferred et ﬁ@f%rm%%e%ﬁréte&%ﬂ%m%tgﬁSBV"N‘&%‘QSH ArUsrAcKesisT BaREAG %B
10 (decyl oxyp ) P16 ' in o
(tridecyl oxyp?cg% gﬁ”ﬁ%gmg ?ﬁgfp?glrt éh%’g‘%{rﬁ%ﬁé&é%’? W%ﬁg%&ngd)moﬁ‘ltut he
SURBAMS descr inhem tab@ciliaptosisesiub ecil estét Brblemdedwith ofieTatoenmoreenits td fioden
the oxygen ether linkage. In one enbodi nent, the am ne nmay be a

hydr oxyani ne. affylly EamufatedbricedingycaneRgaiiethes are prinmary, secondary or

ety ool A Tl e HSARbrus Ul AMLASF B Rmed fom
ammonia, or an amine, including monoamines and polyamines. The amines may
be primary amines, secondary amines or tertiary amines. In one embodiment, the

10 amines are one or more of the amines described above for preparing the
dithiocarbamates. Useful amines include those amines disclosed in U.S. Patent
4,234,435 at Col. 21, line 4 to Col. 27, line 50, these passages being incorporated
herein by reference.

The monoamines generally contain from 1 up to about 24 carbon atoms, or

15 up to about 12, or up to about 6 carbon atoms. Examples of monoamines include
methylamine, ethylamine, propylamine, butylamine, octylamine, and
dodecylamine, dimethylamine, diethylamine, dipropylamine, dibutylamine, methyl
butylamine, ethyl hexylamine, trimethylamine, tributylamine, methyl diethylamine,
ethyl dibutylamine, etc.

20 In one embodiment, the amine may be a fatty (C,.3,) amine which include
n-hexylamine, n-octylamine, n-decylamine, n-dodecylamine, n-tetradecylamine,
n-hexadecylamine, n-octadecylamine, oleylamine, etc. Also useful fatty amines
include commercially available fatty amines such as "Armeen" amines (products
available from Armak Chemicals, Chicago, lliinois), such as Armak's Armeen-C,

25 Armeen-O, Armeen-OL, Armeen-T, Armeen-HT, Armeen S and Armeen SD,



HR 1I)NR -OH, and (R,)2 -NR -OH, wherein each R 1 is independently a
hydr ocar byl group having fromone to about eight carbon atons or

hydroxyhxgmﬁﬁgggyl group having fromone to about eight oariasateNs, or
from 20 one to about four, and R is a divalent hydrocarbyl group of about
two to about 18 carbon atons, or fromtwo to about four. The group -R -COH
I n such fornmul ae represents the hydroxyhydrocarbyl group. R can be an
acyclic, alicyclic or aromatic group. Typically, R is an acyclic straight
or branched al kyl ene group such as an ethyl ene, propyl ene, 1,2-butylene,
1, 2-oct adecyl ene, etc. group. 25 Wiere two R 1 groups are present in the
sane nol ecul e they can be joined by a direct carbon-to-carbon bond or

t hrough a heteroatom (e.g., oxygen, nitrogen or WD 01/46352 PCT/ US00/ 35339
30 sulfur) to forma 5-, 6-, 7- or 8-nmenbgged ring structure. Exanples of
such heterocyclic am nes include N (hydroxyl |ower alkyl)-norpholines,

-t hi onor phol i nes, -piperidines, -oxazolidines, -thiazolidines and the I|ike.

Typically, hewerah th8asHeMdesijRatid fRSRdaR! thy @ttyr@frbugb,, sRN¥S coBbaPYley!,
butyl, pentyl or hexyl 5 group. Exanpl es of these” al kanol am nes i ncl ude

nono-, di-, atallow oeshyagreudsie, di et hyl et hanol am ne, et hyl et hanol am ne,
but yl di et hanol am n etc. e _hydroxyam nes.nmay also be .an et he

N- (hydr oxyhydr ocar &W?fa,lﬁsﬁ q aﬂ%/fé?_s% '%&Bd‘ﬁyW'B?é’pcﬂ@?rhﬁW'BE&r WF6X9§ W0%Pogs
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hydr oxyl - substi't ut ed oxyal kyl ene 10 "ana og§)’. Such N (hydroxyhydrocar byl )
anm Bes can behavingabioah2Ity aboapdcatbdmyatonsastis amuaibeyimnoonede abobit tH{e(or

above epoxides with ore described am ne nd _nay, be represented b he
formul ae: H2NOPR) @Nd ?'SI—E %Y%Q%”e\gz@@% H,? asﬂﬂt S (gRabpyt i\&?ﬁa oK ﬁomv%eé‘gi n
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hydr oxyam nespraiiucedandirhadetectipy MaenCadniigal Coenpdroy, Atlaata, Georgia. Preferred
etheramines are exemplified by those identified as SURFAM P14B
10 (decyloxypropylamine), SURFAM P16A (linear C,), SURFAM P17B
(tridecyloxypropylamine). The carbon chain lengths (i.e., C,,, etc.) of the
SURFAMS described above and used hereinafter are approximate and include the
oxygen ether linkage.
In one embodiment, the amine may be a hydroxyamine. Typically, the
15 hydroxyamines are primary, secondary or tertiary alkanol amines or mixtures
thereof. Such amines can be represented by the formulae: H,~N-R'-OH,
H(R',)N-R'-OH, and (R',),-N-R'-OH, wherein each R, is independently a
hydrocarbyl group having from one to about eight carbon atoms or
hydroxyhydrocarbyl group having from one to about eight carbon atoms, or from
20 one to about four, and R' is a divaient hydrocarbyl group of about two to about 18
carbon atoms, or from two to about four. The group -R'-OH in such formulae
represents the hydroxyhydrocarbyl group. R' can be an acyclic, alicyclic or
aromatic group. Typically, R' is an acyclic straight or branched alkylene group
such as an ethylene, propylene, 1,2-butylene, 1,2-octadecylene, etc. group.
25 Where two R'1 groups are present in the same molecule they can be joined by a

direct carbon-to-carbon bond or through a heteroatom (e.g., oxygen, nitrogen or



(R20)ZH (R20)ZH 20 R -(-NR3) a - N -(R20O)ZH wherein R, is a hydrocarby
group generally containing fromabout 6 to about 30 carbon atons; R2 and
each R3 {5 dnggpendently an al kyl ene group contai ni ng up pcoudonssdsout 5
carbon atons, or an ethylene or propylene group; a is zero or one; and each
z is independently a nunber fromzero to about 10, with the proviso that at
WO 01/ 46352 PCT/ US00/ 35339 31 least one z is at | east one. These

hydr oxyam nes can be prepared by techniques well known in the art and many
such hydroxyam nes are conmercially available. The hydroxy am nes include
m xtures of am nes such as obtained by the hydrolysis of fatty oils (e.g.,
tallow oils, spermoils, coconut oils, etc.). Specific 5 exanples of fatty
am nes, containing fromabout 6 to about 30 carbon atons, include
saturated as well as unsaturated aliphati 80am nes, such as octyl am ne,
decyl am ne, lauryl am ne, stearyl am ne, oleyl am ne, dodecyl am ne, and
oct adecyl am ne. Useful hydroxyam nes wherein a in the above fornula is
zero include gshifud-fay@nexyes-hel, 7hex Blmeibsred ringdseuotaidly | BEnpiagi dfesuch

2- hydr oxyet hyl , pent adecyl - am ne; 2-hydroxyethyl, ol eyl am ne;

2- hydr oxyet hy hetexpeychie: amines hymludgetmthydrweﬁw@mefe alkyl) morpholines,

bi s(2- hydr oxye ol.eyl amn m Xt ur.e Al so | e t he
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t he 5Ar mak Chegrraup. Exarnplesof tiesalatkanolamines indhide mpmo-1dit, ianditdethapatasrinehe

RN L TR SR e O
g)c()lng:nsat e of a cogpcAhfdrbxfathitesGRAY aldy HE aRstHér R- WHR)&yﬁiId@cﬁyﬂﬂﬁ%me
These are hydroxypoly(hydrocarbyloxy) analogs of the above-described

hydroxyamines (these analogs also include hydroxyl-substituted oxyalkylene

10 analogs). Such N-(hydroxyhydrocarbyl) amines can be conveniently prepared by
reaction of one or more of the above epoxides with afore described amines and

may be represented by the formulae: H,N—-(R'O),-H, H(R';)-N—(R'O),~H, and
(R',),~N—(R'O),~H, wherein x is a number from about 2 to about 15 and R, and

R'are as described above. R', may also be a hydroxypoly(hydrocarbyloxy) group.

15 The amines may be hydroxyamines, such as those represented by the

formula

(RO)H  (RO)H

20 | |
R—~(-N-R;) . — N —(R,0),H
wherein R, is a hydrocarbyl group generally containing from about 6 to about 30
carbon atoms; R, and each R, is independently an alkylene group containing up
25 to about 5 carbon atoms, or an ethylene or propylene group; a is zero or one; and

each z is independently a number from zero to about 10, with the proviso that at



20 Et honeen C/ 20 and C/ 25 which are ethyl ene oxi de condensati on products
from coco al kyl am ne containing about 10 and 15 nol es of ethyl ene oxide,
respect i w@) Miseszzhoneen 0/ 12 which is an ethyl ene oxide copciposmisssa product
of ol eyl am ne contai ni ng about 2 noles of ethyl ene oxide per nole of

am ne; Ethoneen S/ 15 and S/ 20 which are ethyl ene oxi de condensati on
products with 25 stearyl am ne containing about 5 and 10 nol es of ethyl ene
oxi de per nole of amne, respectively; Ethonmeen T/12, T/15 and T/ 25 whi ch
are et hyl ene oxide WD 01/46352 PCT/ USQ0/ 35339 32 condensation products of
tall ow am ne contai ning about 2, 5 and 15 noles of ethyl ene oxide per nole
of am ne, respectively; and Proponeen 0/12 which is the condensation
product of one nole of oleylamine with 2 nol es propyl ene oxi de.
Commerci al ly avail abl e exanpl es of al koxyl#ted am nes where a in the 5
above formula is one include Ethoduoneen T/13 and T/20 which are ethyl ene
oxi de condensati on products of N-tallow trinethyl enediam ne containing 3

and 10 nol es |ghstedrieyz Rt 19t dReD Thedel HydpdxydinARgg ean bé%@@ﬁér}eﬁ@yﬁtecﬂrﬂéues
y

am ne may also be a polyam ne. The polyam nés include al koxyl até _
di ami nes, f at twellkpewn & thesank pndmaany sueh hydroxygminesyaremonamataiglly available.

pol yam nes, cqn | yam nes and heterocyclic pgl yam nes.

Commerci al l'y é&lﬁ h@?ﬁ%ﬁﬁﬁ?gsl%ﬁ%gl RBX [ é’(ﬁ msnagal sl Ggga'??l%s%y the
ani nes where ayidiolysR Graug oiIBC(é.(")gJJ fillb GRS spEIAMIsEEoinUt MRS Ce. NSHecific
i ncl ude Et hoduoneen T/ 13 and T/20 which are ethyl ene oxide condensation
proddcts of Nexanmpes dffattyyaneines eentaming rotaahoutgb 3o abdul @Ontarbenaitoms,

The pol yam ne NEUHSFR R Ghofl serHbSRETAIGS playcamimeseiuae ol amine.

or di al kyl, Syrﬂaiwlié%ﬁilnema@@yrmﬁlhéi %@éafrﬂ BMigﬂ,eGie@rﬁarﬂﬁﬁe dBHEBANSAHIRT AgS

(1,2, or 1,3), and polyam né anal ogs of "t he ove. Suitable commercia
fatty pol yam nmedadecyl Bovneen C (N-coco-1, 3-di am nopropane), Duoneen S
(N-soya-1,3-diam no@égfﬁ?%%iox%?nqﬁeesnw egel\g-ntglikot\ﬁlélégove formula is zero include

10 2-hydroxyethyl, hexylamine; 2-hydroxyethyloctylamine; 2-hydroxyethyl, pentadecyl-
amine; 2-hydroxyethyl, oleylamine; 2-hydroxyethyl,soyamine; bis(2-hydroxyethyl)
hexylamine; bis(2-hydroxyethyl)oleylamine; and mixtures thereof. Also included
are the comparable members wherein in the above formula at least one of z is at
least 2, as for example, 2-hydroxyethoxyethyl, hexylamine.

15 A number of hydroxyamines wherein a in the above formula is zero are
available from the Armak Chemical Division of Akzona, Inc., Chicago, lllinois,
under the general trade designations "Ethomeen" and "Propomeen". Specific
examples of such products include: Ethomeen C/15 which is an ethylene oxide
condensate of a coco alkyl amine containing about 5 moles of ethylene oxide;

20 Ethomeen C/20 and C/25 which are ethylene oxide condensation products from
coco alkyl amine containing about 10 and 15 moles of ethylene oxide,
respectively; Ethomeen O/12 which is an ethylene oxide condensation product of
oleylamine containing about 2 moles of ethylene oxide per mole of amine;
Ethomeen S/15 and S/20 which are ethylene oxide condensation products with

25 stearyl amine containing about 5 and 10 moles of ethylene oxide per mole of

amine, respectively; Ethomeen T/12, T/15 and T/25 which are ethylene oxide



20 di am nopropane), and Duoneen O (N-ol eyl -1, 3-di am nopr opane). "Duoneens”
are commercially available from Armak Chemi cal Co., Chicago, Illinois. In
anot her qffdicsdnt, the amine is an al kyl enepol yani ne. Ab&yisoosgssoyani nes
are represented by the formula HR N- (Al kylene-N),-(R )2, wherein each R
I s i ndependentl|y hydrogen; or an aliphatic or hydroxy-substituted 25
aliphatic group of up to about 30 carbon atons; M is a nunber from1l to
about 10, or fromabout 2 to about 7, or fromabout 2 to about 5; and the
"Al kyl ene” WD 01/ 46352 PCT/ US00/ 35339 33 group has from1 to about 10
carbon atons, or fromabout 2 to about 6, or from about 2 to about 4. In
anot her enbodinent, R, is defined the sane as R, above. Such

al kyl enepol yam nes i ncl ude net hyl enepol yam nes, et hyl enepol yam nes,

but yl enepol yam nes, propyl enepol yam nes, @ntyl enepol yam nes, etc. The

hi gher 5 honol ogs and rel ated heterocyclic am nes, such as piperazi nes and
N-am no al kyl -substituted piperazines, are also included. Specific

exanmpl es of sumindepshtiaipneduds of ehliyw entide oBntEining! AkdUy2, e ahdt TS of
tris-(2-am noethyl)am ne, propylenediamne, trinethylenediamne,
tri propyl enet éthggnaexideperanelgiofartng raspedively; and Feopgmean Péhe whichds the

hexaet hyl enehe ' . ) i r._.ho 0Qs.

obt ai ned by co%h?%gﬁgo%g{)&gjr& 8%&%@&%@@@&%@@-%&@8lﬁé&gglpé&%yg%%ggldgre
simlarly useful asCamendrcialiyiaRailable dxnsles BIrBklyldtbe aahifes viesera hethe
pol yam nes. In one enbodi nent, the polyam ne is an ethyl enepol yam ne. Such

pol yani nes ar ealveciormetn isronkinglude; kthoduameedre 441 hgnetTHI0 avhicnare ethylene
K ans, ST EIEARARBE s AR PSR Bl Bantlo
Et hyl enepol yarmpes cHethfbh€bxiie FHTRbROMHIXMHE rédpak@vgR! Kyl enepol yani nes
I ncl udi ng cyclic condensation products. O her useful types of polyam ne
m xtures are those Thaaminewgaymaisa be armgiyamineo(Therrolydroinesdeciude adaxylated
pol yam ne m Xt&fér%?nets? fgt%? \é‘ladml%ses,r gﬁ(iy%%ee’powna%inéss, hydroxy containing polyamines,
10 condensed polyamines and heterocyclic polyamines. Commercially available
examples of alkoxylated diamines include those amines where a in the above
formula is one. Examples of these amines include Ethoduomeen T/13 and T/20
which are ethylene oxide condensation products of N-tallowtrimethylenediamine
containing 3 and 10 moles of ethylene oxide per mole of diamine, respectively.
15 In another embodiment, the polyamine is a fatty diamine. The fatty
diamines include mono- or dialkyl, symmetrical or asymmetrical ethylenediamines,
propanediamines (1,2, or 1,3), and polyamine analogs of the above. Suitable
commercial fatty polyamines are Duomeen C (N-coco-1,3-diaminopropane),
Duomeen S (N-soya-1,3-diaminopropane), Duomeen T (N-tallow-1,3-
20 diaminopropane), and Duomeen O (N-oleyl-1,3-diaminopropane). "Duomeens"
are commercially available from Armak Chemical Co., Chicago, lllinois.
In another embodiment, the amine is an alkylenepolyamine.
Alkylenepolyamines are represented by the formula HR,;N-(Alkylene-N),-(R,),,
wherein each R, is independently hydrogen; or an aliphatic or hydroxy-substituted
25 aliphatic group of up to about 30 carbon atoms; Mn is a number from 1 to about

10, or from about 2 to about 7, or from about 2 to about 5; and the "Alkylene"



20 often terned "polyam ne bottons”. In general, alkylenepolyam ne bottons
can be characterized as having less than 2% usually less than 1 % (by
wei ght) @RIffkar boiling bel ow about 200C. A typical samareussd/3saigh

et hyl enepol yam ne bottons obtained fromthe Dow Chem cal Conpany of
Freeport, Texas designated "E-100" has a specific gravity at 15.6C of
1.0168, a percent nitrogen by weight of 33.15 25 and a viscosity at 40C of
121 centi stokes. Gas chromatography anal ysis of such a sanple contains
about 0.93% "Light Ends" (nost probably diethylenetriamne), WO 01/46352
PCT/ US00/ 35339 34 0.72% triethyl enetetraam ne, 21.74%

tetraet hyl enepentam ne and 76. 61% pent aet hyl enehexam ne and hi gher

anal ogs. These al kyl enepol yam ne bottons include cyclic condensation
products, such as piperazine, and hi gher &l ogs of diethylenetriam ne,
triethylenetetram ne and the |ike. These al kyl enepol yam ne 5 bottons may be
reacted solely with the acylating agent or they nay be used with other

ani nes, pol yangra@p, had fréfnxt t 85ouithEY €sbon/Anembesr el alour @ twaabdie 6, drdrom
condensation reaction between at | east one hydroxy conpound with at |east

one pol yani ne akeidi2tatabostdailhapgther embesiment R, is defined the same as &Y yakaveno

group. The hydso Q unds..are or polyh i 0] | s..Qr '

am nes. The pﬁvﬁifﬁgyﬁ)@?%og%%p@egr QCM%WGSM%%M%W{%% Oeﬁl@ylgﬁ%é%%@me%,
the hydroxy cosioepepoRamims, pRiidrfeptNdifines RNt IEdepSlyaingdestcl Thk Uigherny
of the above-described nonoam nes reacted with an al kyl ene oxide (e.g.,

et hybene oxi dehorpolnggl and relatett hetarogyalinearsiniede sueh @s)piparazingst and)N-acine o
about 20, or fromt

amines 1 hol udc RSy Red HPGAA i 18, S| SCLRsr o SPRE R, FYARSRS HooHae,
2 byl enad, am N AHrERAEARRnelarie oy hert ARl Ty B o i
or tris(hydroxsowylenediaritoaet Hamee {hHaMediBolipani ntspndpyle meitetranvne,
with the pol yh%i%rtri\ﬁeﬁletcewaoalm%re,arrtiert]reaettr?ylia%%nentamine, hexaethyleneheptamine,
10 pentaethylenehexamine, etc. Higher homologs obtained by condensing two or
more of the above-noted alkyleneamines are similarly useful as are mixtures of
two or more of the afore described polyamines.
In one embodiment, the polyamine is an ethylenepolyamine. Such
polyamines are described in detail under the heading Ethylene Amines in Kirk
15 Othmer's "Encyclopedia of Chemical Technology", 2d Edition, Vol. 7, pages 22-37,
Interscience Publishers, New York (1965). Ethylenepolyamines are often a
complex mixture of polyalkylenepolyamines including cyclic condensation
products. Other useful types of polyamine mixtures are those resulting from
stripping of the above-described polyamine mixtures to leave, as residue, what is
20 often termed "polyamine bottoms". In general, alkylenepolyamine bottoms can
be characterized as having less than 2%, usually less than 1% (by weight) material
boiling below about 200°C. A typical sample of such ethylenepolyamine bottoms
obtained from the Dow Chemical Company of Freeport, Texas designated "E-100"
has a specific gravity at 15.6°C of 1.0168, a percent nitrogen by weight of 33.15
25 and a viscosity at 40°C of 121 centistokes. Gas chromatography analysis of such

a sample contains about 0.93% "Light Ends" (most probably diethylenetriamine),



20 the condensation products or condensed am nes, are described above.
Preferred polyamnes include triethylenetetram ne (TETA),

t et r aet hylFipgant ani ne (TEPA), pentaet hyl enehexani ne (PEHA)/US@BE3H1 Xt ur es
of pol yam nes such as the above- described "am ne bottons”. The
condensation reaction of the polyam ne reactant wth the hydroxy conpound
I s conducted at an el evated tenperature, usually from 25 about 60C to about
265C, or from about 220C to about 250C in the presence of an acid

catal yst. WD 01/46352 PCT/ US00/ 35339 35 The am ne condensates and net hods
of making the same are described in PCT publication WO 86/05501 and U. S.
Patent 5,230,714 (Steckel) which are incorporated by reference for its

di scl osure to the condensates and net hods of rmaking. A particularly useful
am ne condensate is prepared from HPA Taft34 Am nes (ami ne bottons
avai |l abl e commercially from Union Carbide Co. with typically 34.1 % by

wei ght nitrogen and a nitrogen distribution of 12.3% by weight primry

ami ne, 14. 4% hy79% gribtrsterendragmins, ne1arm%7te4%dwy|m;géﬁtaﬁmé | & 7@)81196) ,
and tris(hydroxynet hyl)am nonet hane ( . I'n anot her enbodi nent, the

pol yani nes” ar eoqsﬁa%ymehwéwq)@mq/am%@nalog@ d. @SG@KWWWN@@OﬁomS

A e S R e G e e

preferred pol Wémléfeétmlr@ohu@tﬁyleaétetmﬁmd%me Ikl yPrreet me@ﬁépwdmme
pol yoxypr opyl ene di am nes and the pol yox?/propyl ene triamnes.

pol yYoxyal kyl ereotisons mayiesreactecteolatyrwith h%%lﬂgﬁﬂ@t@nmmaﬂbewed with
oD e, O ARGt AR B o SR I, Sy e
Patents 3, 804, 763 mmsthér Q4FubiBlyammeis i @sdanshiiciRFdutioh 2 thes S hNleBYt one
reference for their disclosure of such pol yoxyal kyl ene pol yam nes and
acyl at ed pr oduwydsoxymdempohpd afithoat least one polyamine reactant containing at least one
primary or secondary amino group. The hydroxy compounds are or polyhydric
10 alcohols or polyhydric amines. The polyhydric alcohols are described below. In
one embodiment, the hydroxy compounds are polyhydric amines. Polyhydric
amines include any of the above-described monoamines reacted with an alkylene
oxide (e.g., ethylene oxide, propylene oxide, butylene oxide, etc.) having from two
to about 20, or from two to about four carbon atoms. Examples of polyhydric
15 amines include tri-(hydroxypropyl)amine, tris-(hydroxymethyl)amino methane, 2-
amino-2-methyl-1,3-propanediol, N,N,N' ,N'-tetrakis (2-hydroxypropyl)
ethylenediamine, and N,N,N',N'-tetrakis (2-hydroxyethyl) ethylenediamine, or
tris(hydroxymethyl) aminomethane (THAM).
Polyamines which may react with the polyhydric alcohol or amine to form
20 the condensation products or condensed amines, are described above. Preferred
polyamines include triethylenetetramine (TETA), tetraethylenepentamine (TEPA),
pentaethylenehexamine (PEHA), and mixtures of polyamines such as the above-
described "amine bottoms". The condensation reaction of the polyamine reactant
with the hydroxy compound is conducted at an elevated temperature, usually from

25 about 60°C to about 265°C, or from about 220°C to about 250°C in the presence

of an acid catalyst.



20 I'n anot her enbodi nent, the pol yam nes are hydroxy-containing pol yam nes.
Hydr oxy- cont ai ni ng pol yam ne anal ogs of hydroxy nonoam nes, particularly
al koxyl ay,g@;as3sy! enepol yam nes, e.g., N, N(diethanol) et hylpemasio/asssnes can
al so be used. Such polyanm nes can be nmade by reacting the above-descri bed
al kylene amines with one or nore of the above-described al kyl ene oxi des.
Simlar al kyl ene 25 oxi de-al kanol am ne reaction products nmay al so be used
such as the products made by reacting the above described prinary,
secondary or tertiary al kanol WD 01/46352 PCT/ USOQ 35339 36 anmnes with
et hyl ene, propylene or higher epoxides in a 1.1 to 1.2 nolar ratio.
Reactant ratios and tenperatures for carrying out such reactions are known
to those skilled in the art. Specific exanples of hydroxy-containing

pol yam nes include N (2-hydroxyethyl) etB%l enedi am ne, N, N -bis(2-hydroxy
5 et hyl)-ethyl enedi am ne, 1-(2-hydroxyethyl)piperazine, nono
(hydroxypropyl)-substituted tetraethyl enepentam ne,

N- (3- hydr oxybut yl ) Thetarairet dordreatisahd tetlbdds ofingRivg thersineg areobésdrived by
condensation of the above illustrated hydroxy-containi n?hfol yam nes t hrough

ami no groups 8 PErpikfisatioaViseBaiporisand &-8i Ratens 8,23k T 14 (Steskelewdigh ari¢ 10

ot whi 1 o SRS Bl Bt g AR o6 PR RLEtheRer RN R

cont ai ni ng et Redkind. nkmq&&n@mgﬂyrm@m%rhmer eoMYSHsaté i¥airepardd KbH eP AT

or nore of any of the above described pol yam nes are also useful. In
another enbodAmeines (eménertiotioms asailrhlercseyoeraalynfrae Urtien Cesbidlet epowithl i c

pol yam nes i nc¢l ud b, di nes tidines ol i d| ne

G hyar opyr i o BEUCOH ety Vel Altodet 5% p aftfdeh disoubBh 6L 123 by ypiont
tetra- hydr 0' H?e?&_ lnePH@QIJ%‘@erérgh't %e&&%@%m.aerarmemw FWQig'hﬂ@é‘tlary
t hi onor phol i nes am noal kyl nor phol i nes, N-am noal kyl t hi om)rpho I nes,

N- anmi noal kyl plaplﬁna)z|and§rls(w¢wxymahylbmalﬂoyrhqihpee ariiAdY, azepi nes, azoci nes,

azoni nes, azecines, and %
In another embodlment the polyamines are polyoxyalkylene polyamines,

10 e.g. polyoxyalkylene diamines and polyoxyalkylene triamines, having average
molecular weights ranging from about 200 to about 4000, or from about 400 to
about 2000. The preferred polyoxyalkylene polyamines include the
polyoxyethylene and polyoxypropylene diamines and the polyoxypropylene
triamines. The polyoxyalkylene polyamines are commercially available and may

15 be obtained, for example, from the Jefferson Chemical Company, Inc. under the
trade name "Jeffamines D-230, D-400, D-1000, D-2000, T-403, etc.". U.S. Patents
3,804,763 and 3,948,800 are expressly incorporated herein by reference for their
disclosure of such polyoxyalkylene polyamines and acylated products made
therefrom.

20 In another embodiment, the polyamines are hydroxy-containing polyamines.
Hydroxy-containing polyamine analogs of hydroxy monoamines, particularly
alkoxylated alkylenepolyamines, e.g., N,N(diethanol)ethylene diamines can also
be used. Such polyamines can be made by reacting the above-described alkylene
amines with one or more of the above-described alkylene oxides. Similar alkylene

25 oxide-alkanol amine reaction products may also be used such as the products

made by reacting the above described primary, secondary or tertiary alkanol



20 di- and perhydro derivatives of each of the above and m xtures of two or
nore of these heterocyclic amnes. Preferred heterocyclic amnes are the
sat ur at e§or4gdzd 6- nenbered heterocyclic am nes cont ai nirgr/osloBsIINt r ogen
oxygen and/or sulfur in the hetero ring, especially the piperidines,

pi perazi nes, thionorpholines, norpholines, pyrrolidines, and the |ike.

Pi peri dine, am noal kyl substituted piper 25 idines, piperazine, am noalkyl
substituted piperazines, norpholine, am noal kyl substituted norpholines,
pyrrolidine, and am noal kyl -substituted pyrrolidines, are WD 01/ 46352

PCT/ USO0/ 35339 37 especially preferred. Usually the am noal kyl
substituents are substituted on a nitrogen atomformng part of the hetero
ring. Specific exanples of such heterocyclic am nes include

N- am nopr opyl nor phol i ne, N am noet hyl pi pe3@zi ne, and

N, N' - di am noet hyl pi perazi ne. Hydroxy heterocyclic amnes are also useful. 5
Exanpl es i ncl ude N-(2-hydroxyethyl)cycl ohexyl am ne,

3- hydr oxycycl amimsywithmietleyleng aorapyldnexoranighenepoXidéy i axy ¢ttbyl. pinpsiapraties,
and the like._The netal salts of the phosphorus acid esters are prepared by
the reacti on Reactanhiatias and tempenatyrgs fphearyios it fsich reaekions areknewa to

of metal basaberhcidled TOHRCARY SPRGRESRunn8s Bty Posidiabl rolyfifes”
borates, or tihelddd&e. NT{gehyelrakgetiofl) t hethygéabdRagmé NCINIe-Bis 02y droxyL A,

I B through VIIB, and VIII netals (CAS version of the Periodic Table of the
El etrents). TrebRYM:talByvilgd edéatmin gl kalli- (Zréh vls 0 Xy @hiyhepénena abnal s

and transiti . i .. the tal _ i G oup I.LA netal,
Slch ae cal cilaTEy ChagiedoiRfo BVEGS TR B maleR "dediasshleR R nyra Rraup
VIIB netal, sNgB-Hgiree/rudylpetranmslRhaldidnimne &tet f'ﬂiﬁhér hERONRYE Sbairfed syum
manganese or zinc. Exanples of netal conmpounds whi c may be reacted with
t he phosphor wengengatior |afdbezabryen ligstiatagie hydrioxy-coxtairing pelpaminegsy thronghe,

ggfipﬁ; a(r);(iagte ’raé'ﬁ,t@%bg}eogl.go P§r %%ﬁghr‘ﬁyr&rox? B?&%‘so%‘r’es Iiﬁgvrs}lts%i Géer}gl. Condensation
10 through amino groups results in a higher amine accompanied by removal of
ammonia while condensation through the hydroxy groups results in products
containing ether linkages accompanied by removal of water. Mixtures of two or

more of any of the above described polyamines are also useful.
In another embodiment, the amine is a heterocyclic amine. The
15 heterocyclic polyamines include aziridines, azetidines, azolidines, tetra- and
dihydropyridines, pyrroles, indoles, piperidines, imidazoles, di- and tetra-
hydroimidazoles, piperazines, isoindoles, purines, morpholines, thiomorpholines,
N-aminoalkylmorpholines, N-aminoalkylthiomorpholines, N-aminoalkylpiperazines,
N,N'-diaminoalkylpiperazines, azepines, azocines, azonines, azecines and tetra-,
20 di- and perhydro derivatives of each of the above and mixtures of two or more of
these heterocyclicamines. Preferred heterocyclic amines are the saturated 5- and
6-membered heterocyclic amines containing only nitrogen, oxygen and/or sulfur
in the hetero ring, especially the piperidines, piperazines, thiomorpholines,
morpholines, pyrrolidines, and the like. Piperidine, aminoalkyl substituted piper-
25 idines, piperazine, aminoalkyl substituted piperazines, morpholine, aminoalkyl

substituted morpholines, pyrrolidine, and aminoalkyl-substituted pyrrolidines, are



20 agent is a netal thiophosphate, preferably a netal dithiophosphate. The
nmetal thiophosphate is prepared by neans known to those in the art.

Exanpl es vah op3ed  di t hi ophosphat es i ncl ude zi nc i sopropylpcTrasoéizsszary|

di t hi ophosphate, zinc isopropyl isooctyl dithiophosphate, barium di (nonyl)
di t hi ophosphate, zinc di(cyclo- hexyl) dithiophosphate, zinc di(isobutyl)
di t hi ophosphat e, cal ci um di (hexyl) 25 dithi ophosphate, zinc isobutyl

i soanyl dithi ophosphate, and zi nc isopropyl second- ary-butyl

di t hi ophosphate. WD 01/ 46352 PCTI USOQ' 35339 38 The foll owi ng Exanples B-3
to B-6 exenplify the preparation of useful phosphorus acid ester salts.
Exanple B-3 A reaction vessel is charged wwth 217 grans of the filtrate
fromExanple 5 B-1. A commercial aliphatic primary am ne (66 grans),

havi ng an average nolecul ar wei ght of 1987n which the aliphatic radical
Is a mxture of tertiary alkyl radicals containing from11l to 14 carbon
atom is added over a period of 20 mnutes at 25-60C. The resulting
product has a gdpesEiyrprefermed. e tsuafly e Mibyalkybistwﬁtiitua\tsidré C?;b@timd ©ﬁta of
1.5% by weight, and an acid nunber of 26.3. 10 Exanple B-4 Follow ng the
procedﬁres gf MG é}o'@- formiRg Pt of 3%\e hgtare H9-t hepepifie ceramples cef Bueh i n

5. 4% phosphor 1 e SR Tt el arARp B elmiofofild i dhRgeBldieiazing™>
(1752 gramns) iandiN{¢'diamikietBAfiparazing 64Hydgoaneeterodyfic aninbsars aio weufyl.

am used in of Exanple B-3. The resultin product has 9. 9% phosphor us,
2. 7% ni t r ogen, @%P'ﬁg?.) GW@M-%PWrE%ﬁ@ﬁBVléCB?@%@%n@rﬁaéyqjemmQﬂ:@ngmmme,

grans) is addeg, by LRGPl SNRydloietfidiberazine, and the like.

The metal salts of the phosphorus acid esters are prepared by the reaction

of a metal base with the phosphorus acid ester. The metal base may be any metal
compound capable of forming a metal salt. Examples of metal bases include
10 metal oxides, hydroxides, carbonates, sulfates, borates, or the like. The metals
of the metal base include Group IA, lIA, 1B through VIIB, and VIil metals (CAS
version of the Periodic Table of the Elements). These metals include the alkali
metals, alkaline earth metals and transition metals. In one embodiment, the metal
is a Group IlA metal, such as calcium or magnesium, Group IIB metal, such as
15 zinc, or a Group VIIB metal, such as manganese. Preferably the metal is
magnesium, calcium, manganese or zinc. Examples of metal compounds which
may be reacted with the phosphorus acid include zinc hydroxide, zinc oxide,
copper hydroxide, copper oxide, etc.
In one embodiment, phosphorus containing antiwear/extreme pressure
20 agent is a metal thiophosphate, preferably a metal dithiophosphate. The metal
thiophosphate is prepared by means known to those in the art. Examples of metal
dithiophosphates include zinc isopropyl, methylamyl dithiophosphate, zinc
isopropylisooctyl dithiophosphate, barium di(nonyl) dithiophosphate, zinc di(cyclo-
hexyl) dithiophosphate, zinc di(isobutyl) dithiophosphate, calcium di(hexyl)
25 dithiophosphate, zinc isobutyl isoamyl dithiophosphate, and zinc isopropyi second-

ary-butyl dithiophosphate.



20 al cohol over a period of 3 hours. The tenperature increases fromroom
tenperature but is maintai ned bel ow 65C. After the addition is conplete the
reacti onygipfhssse i s heated to 90C and the tenperature is praiusoesssed for 3
hours. atomaceous earth is added to the m xture, and the m xture is
filtered. The filtrate has 12.4% phosphorus, a 192 acid neutralization
nunber (bronophenol blue) and 25 a 290 acid neutralization nunber
(phenol pht hal ei n). WO 01/ 46352 PCT/ US00/ 35339 39 The above filtrate is

m xed with 200 grans of toluene, 130 grans of mineral oil, 1 gram of
acetic acid, 10 grans of water and 45 granms of zinc oxide. The mxture is
heated to 60-70C under a pressure of 30 mm Hg. The resulting product

m xture is filtered using a di atonaceous earth. The filtrate has 8.6% zi nc
5 and 7. 0% phosphorus. Exanple B-7 Alfol 3810 (2628 parts, 18 noles) is
heated to a tenperature of about 45C whereupon 852 parts (6 noles) of
phosphorus pentoxi de are added over a period of 45 mnutes while

mai ntaining the reacti OmhéefﬁmmguEﬁar’ﬂﬁle‘éeBlB BB ekenfilify tHd préysaratish Wfe
is stirred an additional 0.5 hour at this tenperature, and is there- after
heated at 700u$&ft! plpesphorug apigiesier salisnene 81-R (2362 parts, 12.6 moles) is

added dropwi se to the reaction m xtureEV\/ni Ile %gi ntai ning the tenperature
bet ween about 30-50C. Wen all of th been added, the reaction

mxture is filteradehbfiowebsgelfis chefged With 2nd drimsf of the dleateSrdrieEdeapieed
amne salt containing 15 7.4% phosphorus (t heo%,ﬁ 7.1 % . Exanple B-8
r

PhoSphor us peBtbxiAlecqaogrgalaatphatic pdnety aming gams), aying éo ayerage

bhosphorodi ¢ hiseeue wERP ¥, T8E e whish hhaenat il i olerkaB i
fg m%gr S?Sr Z”dréd’l'@alé evntdihing bt ¥4 o1 EaPRnheRhe dist S fRCoved alsdibabf bbat

minutes at 25-60°C. The resulting product has a phosphorus content of 10.2% by
weight, a nitrogen content of 1.5% by weight, and an acid number of 26.3.
10 Example B-4
Following the procedures of Examples B-1 and B-3, 1320 parts of the
product described in B-1 was reacted with 584 parts of the amine of B-3. The final
product has 8.4% phosphorus and 10% sulfur.
Example B-5
15 The filtrate of Example B-2 (1752 grams) is mixed at 25-82°C with 764
grams of the aliphatic primary amine used in of Example B-3. The resulting
product has 9.9% phosphorus, 2.7% nitrogen, and 12.6% sulfur.
Example B-6
Phosphorus pentoxide (852 grams) is added to 2340 grams of iso-octy!
20 alcohol over a period of 3 hours. The temperature increases from room
temperature but is maintained below 65°C. After the addition is complete the
reaction mixture is heated to 90°C and the temperature is maintained for 3 hours.
Diatomaceous earth is added to the mixture, and the mixture is filtered. The filtrate
has 12.4% phosphorus, a 192 acid neutralization number (bromophenol blue) and

25 a 290 acid neutralization number (phenolphthalein).



for 2 hours. The commercial aliphatic primary amne identified in Exanple
B-3 (384 grans) is added to the mixture, while the tenperature is

mai nt ai ngd giAedshe range of 30-60C. The reaction mi xture pcr/fsobsmed

t hr ough |atonaceous earth. The filtrate has 9. 3% phosphorus, 11.4%

sul fur, 2.5%nitrogen, and a base 25 nunber of 6.9 (bronophenol bl ue

i ndicator). WD 01/46352 PCTI USOQO 35339 40 In anot her enbodi nent, the
phosphorus antiwear/extrene pressure agent is a netal salt of (a) at |east
one dithi ophosphoric acid and (b) at |least one aliphatic or alicyclic
carboxylic acid. The dithiophosphoric acids are described above. The
carboxylic acid nmay be a nonocarboxylic or polycarboxylic acid, 5 usually
containing from1l to about 3, or just one carboxylic acid group. The
preferred carboxylic acids are those haviB8g the fornula RCOOH, wherein Ris
an aliphatic or alicyclic hydrocarbyl group preferably free from
acetylenic unsaturation. R generally contains fromabout 2, or from about

4 carbon atons. R yraebaleé fitrat@Rirhixea with 260 d@b%&of‘l@lueﬁé 1~3D§r%n‘?§3@ﬂ'hm%1'4ai or
to up about 12 carbon atoms. In 10 one enbodi nent, R contains from4, or

from about 6 Qip tgramoftacetic agid.utd geamb®itwater and ¥6ngramsref zina axite. The

pentanot o, heTufe i€ bEderolet BBk bider adtiahSire Stidfidumh bR, The Fesbning
oct adecanoi ¢ gt ﬁﬁb&afé)isqlltéfédjésm?% N8l oRls ¥airh. Crr%("ﬁlﬁéteshhfshS @% gingi ¢,

linoleic, and linolenic acids and I'inoleic acid diner. A preferred
car boxyl i ¢ acand 70%-pheBpboiE. hexanoi ¢ acid. The netal salts may be

prepared by nerely blending a netal |thi ophosphoric acid with a
netal salt of a carboxylic acid in the—é@?—ﬂ@—ratio The ratio of

equi val ents of di tmferm@reizm paRs§] 18 ﬁ%lé‘s%@ﬁéé{tbﬂ% %%Fﬁg'e?atﬁféjaﬁ ARitsecS

up to about 400 to 1. The ratio may be fromO , or upto
about 100, 20wberequms%pmnts &motss) of)plntms;ﬂtmuss pé@tob(uﬂelareladded@venb@@rlmdnt
;Bgu{ azi. (2)5i f oéé%] S y\ﬁﬁlltg?naqgt%%mg the reac’ﬁcg]ne fen%er]:a’[uore %Pv(\?gén azbout 4% ég °C.
10 The mixture is stirred an additional 0.5 hour at this temperature, and is there- after
heated at 70°C for about 2-3 hours. Primene 81-R (2362 parts, 12.6 moles) is
added dropwise to the reaction mixture while maintaining the temperature between
about 30-50°C. When all of the amine has been added, the reaction mixture is
filtered through a filter aid, and the filtrate is the desired amine salt containing
15 7.4% phosphorus (theory, 7.1%).
Example B-8
Phosphorus pentoxide (208 grams) is added to the product prepared by
reacting 280 grams of propylene oxide with 1184 grams of O,0O’-di-isobutyl
phosphorodithioic acid at 30-60°C. The addition is made at a temperature of 50-
20 60°C and the resulting mixture is then heated to 80°C and held at that temperature
for 2 hours. The commercial aliphatic primary amine identified in Example B-3
(384 grams) is added to the mixture, while the temperature is maintained in the
range of 30-60°C. The reaction mixture is filtered through diatomaceous earth.
The filtrate has 9.3% phosphorus, 11.4% sulfur, 2.5% nitrogen, and a base

25 number of 6.9 (bromophenol biue indicator).



pur pose, the equival ent weight of a dithiophosphoric acid is its nolecul ar
wei ght divided by the nunber of -PSSH groups therein, and the equival ent
wei ght Qfo@1/4638 boxylic acid is its nolecul ar wei ght di vipgdedisby3Bse nunber
of carboxy groups 25 therein. WD 01/46352 PCTI USOQO 35339 41 A second and
preferred nmethod for preparing the netal salts useful in this inventionis
to prepare a mxture of the acids in the desired ratio, such as those
descri bed above for the netal salts of the individual netal salts, and to
react the acid mxture with one of the above descri bed netal conpounds.
When this 5 nmethod of preparation is used, it is frequently possible to
prepare a salt containing an excess of netal with respect to the nunber of
equi valents of acid present; thus the netal salts nay contain as many as 2
equi val ents and especially up to about 14® equival ents of netal per

equi val ent of acid may be prepared. The equivalent of a netal for this
purpose is its atomc weight divided by its val ence. The 10 tenperature at

whi ch the netal Saﬂn’£ého’f!h@élﬁ§@@ihféﬁt,itﬁegﬁh%§ pRbiug dreineekiexaemd predSreaitfént
about 150C, or up to about 125C. U. S. tents 4, 308, 154 and 4 417,990

descri be procgdumeetat @ﬁltp@fe@aratnlgashege didicnhosphosc @i @ndcibdsa laashonr@er

of exanpl es of These patent r Q by
et or once. 1 or IRELE 9 ARV padox R RRab e HinRPReneh S et R LB MRy Ebeo
cont ai ni ng anjpARAr Mgt ERBBxAICCASH Ray &gseatmbﬁo@arabsamh@f Fély@@ﬂio@(yl’kh Rgid,
am de. The phosphorus containing am des are prepared he reaction of

oneSof the abususliyesntaiping ffhmsﬂH@raisOletciﬁ der, just oae mrbhxmlmwaglgmﬂou@ athe,
Bcr yl am do. - \PRSTE FORERITR Saaars esr 48y heaEiaepyRTIC BDN DR B if ge,

oS i on 1 3 e o B P Py nseturation.
di but yl am ne Rvgetrheraw oontaitissfodmi aboutt?i, on ffoon mbout dicanber atdmsi R generally a

salt which i Sccgjrltgljns up {Jabout 40, or up to about 24, or to up about 12 carbon atoms. In

10 one embodiment, R contains from 4, or from about 6 up to about 12, or up to about

8 carbon atoms. In one embodiment, R is an alkyl group. Suitable acids include

the butanoic, pentanoic, hexanoic, octanoic, nonanoic, decanoic, dodecanoic,

octadecanoic and eicosanoic acids, as well as olefinic acids such as oleic, linoleic,

and linolenic acids and linoleic acid dimer. A preferred carboxylic acid is 2-

15 ethylhexanoic acid.

The metal salts may be prepared by merely blending a metal salt of a
dithiophosphoric acid with a metal salt of a carboxylic acid in the desired ratio. The
ratio of equivalents of dithiophosphoric acid to carboxylic acid is from about 0.5 up
to about 400 to 1. The ratio may be from 0.5 up to about 200, or up to about 100,

20 or up to about 50, or up to about 20 to 1. In one embodiment, the ratio is from 0.5
up to about 4.5 to one, or from about 2.5 up to about 4.25 to one. For this
purpose, the equivalent weight of a dithiophosphoric acid is its molecular weight
divided by the number of -PSSH groups therein, and the equivalent weight of a
carboxylic acid is its molecular weight divided by the number of carboxy groups

25 therein.



reacted with a acrylam de. The reaction product of the phosphorus acid and
the wunsaturated am de nay be further reacted with a |linking or a coupling

conpoundyodpsa&geh as fornmal dehyde or parafornal dehyde. Thepdsospsses us
containing amdes are known in the art and are disclosed in U S. Patents

4,670, 169, 4,770,807, and WD 01/46352 PCTI USOCQO 35339 42 4,876, 374 which
are incorporated by reference for their disclosures of phosphorus am des
and their preparation. In one enbodi nent, the phosphorus antiwear/extrene
pressure agent is a phosphorus containing carboxylic ester. The phosphorus
containing carboxylic 5 esters are prepared by reaction of one of the
above- descri bed phosphorus acids, preferably a dithiophosphoric acid, and
one of the unsaturated carboxylic acids or esters described herein. If the
carboxylic acid is used, the ester may tHenh be formed by subsequent
reaction of the phosphoric acid-unsaturated carboxylic acid adduct with an
al cohol, such as those described herein. 10 I n one enbodi nent, the

phosphorus cont ai m sgcemd :‘am@préfewédmhbae@@mﬁari €Y mietaldalts A8Eflh this
product of a _phosphorus acid, preferabl ﬁ?ﬂa I t hi ophosphoric acid, and a

vi nyl et her s.INVE{RION Iffp pseparie 3 Mixigpe of Hin aeidpyn theedegirediratiorsucttas thpsR2

Up to abour S5oenpeq BEJE i A HaRPEARY oP R RER el R, ARIA eag WY 15
a hydr ocar bylacf enirtudefwitle driehef gamabase RlescEsadhel @bmpiotibs et Whieh this

include nethyl vinyl ether, propyl vinyl ether, 2-ethylhexyl vinyl ether
and® t he |i ke mehoded prenmratiemiswsedni i freguanilyipegsibtmioayeparsrasalhcontaining

' h hite. h ' ; b i -
r1 hydr ocar byt Hsgepe et Btk =3paer B8 Bk TRp P SRR s T Errsant s om
1 to about 24hgaidtansatsOfBy cBhtad? ab nPaRylad 0 cyoidlerks aﬁ@@%ﬁ@c%ﬂ? B toYbobf OM

about 2 to about 8 carbon atons. Each ‘hydrocarbyl group may be
i ndependent | yl.aleryivalentk ehpetalper sqpivalettat aclhbmapperpepated. Theoeguivaleah

aryl group, to L rriléta??onrt f’Hlsn Spu%osl.ee?sStltsaaquntlc ?Ne(fga}gtbgioid{flatdotr;)!/5 ;its valence. The
10 temperature at which the metal salts are prepared is generally between about
30°C and about 150°C, or up to about 125°C. U.S. Patents 4,308,154 and
4,417,990 describe procedures for preparing these metal salts and disclose a
number of examples of such metal salts. These patents are hereby incorporated

by reference for those disclosures.
15 In one embodiment, the phosphorus containing antiwear/extreme pressure
agent is a phosphorus containing amide. The phosphorus containing amides are
prepared by the reaction of one of the above described phosphorus acids, or a
dithiophosphoric acid, with an unsaturated amide. Examples of unsaturated
amides include acrylamide, N,N’-methyiene bis(acrylamide), methacrylamide,
20 crotonamide, and the like. In one embodiment, the dithiocarbamate containing
composition is derived from the reaction product of a diamylamine or dibutylamine
with carbon disulfide which forms a dithiocarbamic acid or a salt which is ultimately
reacted with a acrylamide. The reaction product of the phosphorus acid and the
unsaturated amide may be further reacted with a linking or a coupling compound,
25 such as formaldehyde or paraformaldehyde. The phosphorus containing amides
are known in the art and are disclosed in U.S. Patents 4,670,169, 4,770,807, and



or about 6 to about 18 carbon atons. Exanples of the al kyl or al kenyl
groups include propyl, butyl, hexyl, heptyl, octyl, oleyl, linoleyl,

st earyl ’w%t(fimﬁ%a”pl es of 25 aryl groups include phenyl, preEpbs$dopsizo
heptyl phenol, etc. Preferably each hydrocarbyl group is independently
propyl, butyl, pentyl, hexyl, heptyl, oleyl or WO 01/46352 PCT/ USOQ 35339
43 phenyl, or butyl, oleyl or phenyl and or butyl or oleyl. One nethod of
prepari ng phosphites includes reacting a | ower (Cl1_8) Phosphites and their
preparation are known and nmany phosphites are available comercially.
Particularly useful phosphites are dibutyl hydrogen phosphite, diol eyl
hydr ogen phosphite, di (Cl418) 5 hydrogen phosphite, and tri phenyl
phosphite. D spersants Together with the nol ybdenum conpounds and the
phosphorus conpounds, the lubricating cod2ositions contain a dispersant.
In one 10 enbodi nent, the dispersants are selected from(a) acyl ated
nitrogen di spersants, (b) hydrocarbyl substituted am nes, (c) carboxylic

ester di sper sargzs,314whidharedticorgosned bprifereriiadof tapirdisciasuess dfpiosphorughe
di spersant are general Ig present in an anmount fromabout 0.1 %to about
5% or from a@bide®apgitheir srRRATAt0. or from about 0.3%to about 0.8% by

ese than 356 or T 408NE pmbddiier ¥REREB oS SndneBiERTdbe e dilrd Bt is¥
wei ght. The agybsplesruri dortgiihgltapoekginéstetr. NTheGhospRGFUsOEoMAPHE Egrbokylane

or nore carboxylic acylati n% agents such as the hydrocarbyl substituted
carBoxyl i c  aepless argPeapaied byneactipreefiane ofithe aheve-dpseiibrdphosphewrus acids,

Yo oCa by O R R TReBE R A0 TR RS e o

olefins or a peterslRischbed MRREIHE! If thE KoY acit R 8ddd)ithe EMEORIay thERibe
1, 3-but adi ene and i soprene. The ol efins are described above. In one

enbodi ment, t fiermed ky pldseasent eeagtino ebihel phosphormadd amsiatureted carboxylic acid

adduct with an alcohol, such as those described herein.

10 In one embodiment, the phosphorus containing antiwear/extreme pressure

agent is a reaction product of a phosphorus acid, preferably a dithiophosphoric

acid, and a vinyl ethers. The vinyl ether is represented by the formula R;-

CH=CH-OR, wherein R, is independently hydrogen or a hydrocarby! group having

from 1 up to about 30, or up to about 24, or up to about 12 carbon atoms. R, is

15 a hydrocarbyl group defined the same as R,. Examples of vinyl ethers include
methyl vinyl ether, propyl vinyl ether, 2-ethylhexyl vinyl ether and the like.

As described above the lubricating compositions and concentrates contain

at least one phosphite. The phosphite may be a di- or trihydrocarbyl phosphite.

Preferably each hydrocarbyl group contains from 1 to about 24 carbon atoms, or

20 from 1 to about 18 carbon atoms, or from about 2 to about 8 carbon atoms. Each

hydrocarbyl group may be independently alkyl, alkenyl, or aryl. When the

hydrocarbyl group is an aryl group, then it contains at least about 6 carbon atoms;

or about 6 to about 18 carbon atoms. Examples of the alkyl or alkenyl groups

include propyl, butyl, hexyl, heptyl, octyl, oleyl, linoleyl, stearyl, etc. Examples of

25 aryl groups include phenyl, naphthyl, heptylphenol, etc. Preferably each

hydrocarbyl group is independently propyl, butyl, pentyl, hexyl, heptyl, oleyl or



a preferred honopolynmer is a polybutene, or a polybutene in which about 50%
of 25 the polyner is derived fromisobutylene. The pol yal kenes are prepared
by convgirfdia procedures. WO 01/46352 PCTI USOQ 35339 ¢dr/Gsm/3pssbyal kene
is generally, characterized as containing fromat |east about 8 carbon
atons up to about 300, or from about 30 up to about 200, or from about 35
up to about 100 carbon atons. In one enbodi nent, the polyal kene is
characterized by an Mh (nunber average nol ecul ar wei ght) greater than about
5 400, or greater than about 500. Cenerally, the polyal kene is
characterized by an M from about 500 up to about 5000, or from about 700
up to about 2500, or from about 800 up to about 2000, or from about 900 up
to about 1500. In another enbodinent, the polyal kene has a Mh up to about
1300, or up to about 1200. Nunber average4®ol ecul ar weight, as well as

wei ght average nol ecular 10 weight and the entire nol ecul ar wei ght
distribution of the polyners, are provided by Gel perneation

chr omat ogr aphyheffClor budyl, HeyPOSEhdtyl bRt or BIMENGH SlByI2 GRE infstho@fof preparin(gp
fracti onated pol yi sobutene, is used as the calibration standard in the C.
The techni qu@hosphiteeinstudesi regcting adewsilGa) Pdosphitgs apddheir prepaigtion Rifown

O o B T e
Exclusi on L1 atr S arm e e e T P e o Rl
enbddi nent, t hydpedgrapkesphitehand tephdnyl pbaspiiteut 1300 up to about 5000, or
from about 1500 up to about 4500, or from about 1700 up to about 20 3000.
The pol yal kenes al so generally have a MM Vnh from about 1.5 to about 4, or
from about 1. §t9-@RBAK 3.6, or fromabout 2.5 to about 3.2. The
hydr ocar byl substituted carboxylic acylating agents are described in U S
Pat ent 4, 234, 435, tTogethiérs olitis uthe aholybdehuins doempdyndsncandgotret ephdsphorus
reference. compounds, the lubricating compositions contain a dispersant. In one
10 embodiment, the dispersants are selected from (a) acylated nitrogen dispersants,
(b) hydrocarbyi substituted amines, (c) carboxylic ester dispersants, (d) Mannich
dispersants, and (e) mixtures thereof. The dispersant are generally present in an
amount from about 0.1% to about 5%, or from about 0.2% to about 3%, or from
about 0.3% to about 0.8% by weight. In one embodiment, the dispersants are
15 present in an amount of less than 3%, or less than 2%, or less than 1.5%, or less
than 1% by weight.

The acylated nitrogen dispersants include reaction products of one or more
carboxylic acylating agents such as the hydrocarbyl substituted carboxylic
acylating agents and an amine. In one embodiment, the hydrocarbyl groups are

20 derived from one or more of polyalkenes. The polyalkene includes homopolymers
and interpolymers of polymerizable olefins or a polyolefinic monomer, preferably
diolefinic monomer, such 1,3-butadiene and isoprene. The olefins are described
above. In one embodiment, the interpolymer is a homopolymer. An example of
a preferred homopolymer is a polybutene, or a polybutene in which about 50% of

25 the polymer is derived from isobutylene. The polyalkenes are prepared by

conventional procedures.



I n anot her enbodi nent, the acylating agents are prepared by reacting one
25 or more of polyal kene with an excess of maleic anhydride to provide
substi t U{Rfh1/48348Ci ni ¢ acyl ating agents wherein the nunberpEf/usuocsisni c
groups for each WD 01/46352 PCTI USOQ' 35339 45 equi val ent wei ght of
substituent group, i.e., polyal kenyl group, is at least 1.3. The maxi num
nunmber will generally not exceed 4.5. A suitable range is fromabout 1.4
to 3.5 and or fromabout 1.4 to about 2.5 succinic groups per equival ent
wei ght of substituent groups. 5 The above-described carboxylic acylating
agents are reacted wwth amines to formthe acylated nitrogen dispersants.
Acyl ated nitrogen di spersants and nethods for preparing the sane are
described in U S. Patents 3,219, 666; 4,234, 435; 4,952,328; 4,938, 881;
4,957, 649; and 4,904,401. The di scl osuredd4of acyl ated nitrogen dispersants
and ot her 10 dispersants contained in those patents is hereby incorporated
by reference. The dispersant may also be derived from

hydrocar byl - subst i t urtr@[a@ yalkese is Jerreallly dhafadtdized H Tontaihing fsfhngsieaste
well known to those skilled in the art. These am nes are disclosed in U S.

patents 3, 2752bgut 8 garkem gtoms @ 5ab@E00, or Fem Ayt 39, UE®, alEsit 28Ador from
3, 822, 289. The ent [ r.e L.ncor.por ted by 15,.ref e.f
di scl osure of ﬁ%f)g%éﬂpb @%@th@g C?\%Bb'ﬁ@??{ﬁ BPnﬁﬂfﬁFR%d'F%@ rEn lya%erlié]f‘s' r

Typi cal |y, hydnagmtéridedtpahi ViHi(BAmber BOSrafeembicRRifraskighit) rgeeﬁttemgarobabums
and ol efin polyners (polyal kenes) wi th am nes (nono- or polyam nes).

pol yal kene may¢0Beotgrgatsr thae ab@”?é@ﬂkeﬁ@@etﬁib'cthmydben@ls ohasacterined bmgn be
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amnes inclu
N, N-di met hyl - Nrpat 806@'&’&?5%%2’%{) estet Gl dbdut QO@OI\L?QO @Blogit 18b00 1Afanother

nononers); pol ybutene am ne; N, N-di (hydroxyethyl) pol ybut ene am ne;
N- ( 2- hydr oxypeumdo)lmunpdhqlﬂmwﬂemmﬁaa Ma pplty mbbeh&3@hidriupeto about 1200.
Number average molecular weight, as well as weight average molecular
10 weight and the entire molecular weight distribution of the polymers, are provided
by Gel permeation chromatography (GPC). For purpose of this invention a series
of fractionated polyisobutene, is used as the calibration standard in the GPC. The
techniques for determining Mn and Mw values of polymers are well known and are
described in numerous books and articles. For example, methods for the determi-
15 nation of Mn and molecular weight distribution of polymers is described in W.W.
Yan, J.J. Kirkland and D.D. Bly, "Modern Size Exclusion Liquid Chromatographs”,
J. Wiley & Sons, Inc., 1979.
In another embodiment, the polyalkenes have a Mn from about 1300 up to
about 5000, or from about 1500 up to about 4500, or from about 1700 up to about
20 3000. The polyalkenes also generally have a Mw/Mn from about 1.5 to about 4,
or from about 1.8 to about 3.6, or from about 2.5 to about 3.2. The hydrocarbyl
substituted carboxylic acylating agents are described in U.S. Patent 4,234,435, the
disclosure of which is hereby incorporated by reference.
In another embodiment, the acylating agents are prepared by reacting one
25 or more of polyalkene with an excess of maleic anhydride to provide substituted

succinic acylating agents wherein the number of succinic groups for each



N - pol ybut enenorpholine; - poly(butene)ethylenedi am ne; 25

-pol y(propyl ene)tri nmet hyl enedi am ne; -pol y(butene)diethylenetriamne; N, N
WO 01/ 46 3JR30146d42USOQ 35339 46 pol y(but ene)t et r aet hyl eneppot/asionss33oN,

N-di met hyl - N' - pol y( propyl ene)-1, 3- propyl enedi amine and the like. In

anot her enbodi nent, the dispersant may al so be derived froma carboxylic
ester dispersant. The carboxylic ester dispersant is prepared by 5
reacting at |east one of the above hydrocarbyl-substituted carboxylic
acylating agents with at | east one organi c hydroxy conmpound and optionally
an amine. In another enbodinment, the carboxylic ester dispersant is
prepared by reacting the acylating agent wwth at |east one of the
above-descri bed hydroxyam ne. The organi ¢ hydroxy conpound incl udes
conpounds of the general formula 10 R'(O#f5m wherein R' is a nonoval ent or
pol yval ent organic group joined to the -OH groups through a carbon bond,
and mis an integer of from1l to about 10 wherein the hydrocarbyl group

contains at | wvme@hwﬂmmmncgfdwu &l poRalkEngl ?rla)agr R8¢ R B NHse

may be aliphatic conmpounds, such as nonohydric and Fﬁb dric al cohols, or
aromatic comdﬂﬁ&mu@ﬂémb@éwﬁwr@lm%ﬁ@ﬁ@Hcﬁ A sai lqearmeoaﬁpnbabtydﬂc&y

Fol Towi ng_ spedpPraan 2hfpfEasin Yo el ARG ATorolpyRaf Aaikeel wokPtet

resorcinol, cajupshilent Bratpsdi hydr oxybi phenyl, 2-chl orophenol,
2, 4-di butyI phenol , etc. The al cohols from whi ch the esters may be derived

genefr al |y contai n ukha abovghdescribedatarbomtlicacylatingragentsiare reactadowitt? atrines

about 30, or fr m2.to 20. The y be nonohydric al cohols such
as net hanol , 3“'6 fhe P%@Bﬁ%daW&Pge E@@égﬂﬂqa' cycl ohexanol, etc. In one

enbodi ment, t he hyqﬁicﬂ%éieaqm?ég'éﬁj%lﬁe‘?sarﬂ@@ﬁwméﬂ%@ ﬁﬁ‘ﬁﬁleﬁanﬁ &he 33me are

al kyl ene pol yols. Préeferably, the pol yhydric al cohols taih from?2
about 40 car batesatibed n 1S Matents 310,666 @;,23h43514,952828; 4,838,88014,93D, 649

hydroxyl groups and 2r964 t%q 2 'I'r(\)e %jsc%suesres c%l gcy)igtreldcni rbggrwocljlgpérrs]ght%dand other
10 dispersants contained in those patents is hereby incorporated by reference.

The dispersant may also be derived from hydrocarbyl-substituted amines.
These hydrocarbyl-substituted amines are well known to those skilled in the art.
These amines are disclosed in U.S. patents 3,275,554; 3,438,757; 3,454,555;
3,565,804, 3,755,433; and 3,822,289. These patents are hereby incorporated by

15 reference for their disclosure of hydrocarbyl amines and methods of making the
same.

Typically, hydrocarbyl substituted amines are prepared by reacting olefins
and olefin polymers (polyalkenes) with amines (mono- or polyamines). The
polyalkene may be any of the polyalkenes described above. The amines may be

20 any of the amines described above. Examples of hydrocarbyl substituted amines
include poly(propylene)amine; N,N-dimethyl-N-poly(ethylene/propylene)amine,
(50:50 mole ratio of monomers); polybutene amine; N,N-di(hydroxyethyl)-N-
polybutene amine; N-(2-hydroxypropyl)-N-polybutene amine; N-polybutene-aniline;
N-polybutenemorpholine; -—poly(butene)ethylenediamine;

25 —poly(propylene)trimethylenediamine; —poly(butene)diethylenetriamine; N',N'-



25 ethylene glycols, including di-, tri- and tetraethylene glycols;
propyl ene glycols, including di-, tri- and tetrapropylene glycols;

gl ycerolyoikgae diol; hexane diol; WO 01/46352 PCTI USOOs5%3$00/38339
sorbitol; arabitol; mannitol; sucrose; fructose; glucose; cycl ohexane di ol
erythritol; and pentaerythritols, including di- and tripentaerythritol;
preferably, diethylene glycol, triethylene glycol, glycerol, sorbitol,
pentaerythritol and dipentaerythritol. The pol yhydric al cohols may be
esterified wth nonocarboxylic acids having 5 from 2 to about 30 carbon
atons, or fromabout 8 to about 18, provided that at |east one hydroxyl
group remains unesterified. Exanples of nonocarboxylic acids include
acetic, propionic, butyric and fatty carboxylic acids. The fatty nonocar-
boxylic acids have from about 8 to about 86 carbon atons and i ncl ude
octanoic, oleic, stearic, linoleic, dodecanoic and tall oil acids.
Specific exanples of these 10 esterified pol yhydric al cohols include

sorbi tol ol e%@y(ﬁﬁéhgﬁbﬂﬁe@l@ne@eﬂdad’iiﬁé,eatt\E,N—diﬁﬁth}lﬁn!-pétﬂ?l‘@mne)-1,3-
i ncl udi ng nono- and di stearate, %!ycerol ol eate, including glycerol nono-,
di - and tri ol R@P¥lenediamiperand be liket anoat e. The carboxylic ester

Whioh o preferr edhanafel ‘sbelNet (e AaftrsrRE Wapdio 16 HshUED JRURL fes
of the esterscdrboRyIRABERS disperebMES THE ch/HYii® estr &i@ﬁeﬁs@th§Yﬁrb§ared by

acyl ating agents described above with one or "nore al cohols or phenols in
ratdos of frieactingat leas engiol theeabove hybmaarkylsybistituteth carbsixyliy @écylajing

conpound per _equival.ent of acylating agent. The esterjfication is usuglly
carried out st @lieaete & pBlAnEhBBR saebouRd s et nan hEode:
The wat er forggéthéPerboRirR¥nt? sl esibok§lid %@Véﬁpgbéa%'t%tbﬂebﬁfféd)ﬂy@éaéﬁh@ the
esterification proceeds. The preparation of useful carboxylic” ester

di spersant i sacidating sgent wittuatSleaBhora pf the3abbd-descrined Ryd28yat8ihie. and t hei r
di scl osures are i orgor ateﬁ)&{%rr ef erenc The car boxylic_ester dispersants

may be further reatPe89AYH \éﬁ%’?pBH@giﬂGwd@ﬁé’o dyefthegsngralieriadag ng
preperably atplendl HigeM R 8% ABAYEISSSS PR’ Ient organic group joined to the -OH

groups through a carbon bond, and m is an integer of from 1 to about 10 wherein

the hydrocarbyl group contains at least about 8 aliphatic carbon atbms. The

hydroxy compounds may be aliphatic compounds, such as monohydric and

polyhydric alcohols, or aromatic compounds, such as phenols and naphthols. The

15 aromatic hydroxy compounds from which the esters may be derived are illustrated
by the following specific examples: phenol, beta-naphthol, alpha-naphthol, cresol,

resorcinol, catechol, p,p'-dihydroxybiphenyl, 2-chlorophenol, 2,4-dibutylphenol, etc.

The alcohols from which the esters may be derived generally contain up to

about 40 aliphatic carbon atoms, or from 2 to about 30, or from 2 to about 10.

20 They may be monohydric alcohols such as methanol, ethanol, isooctanol,
dodecanol, cyclohexanol, etc. In one embodiment, the hydroxy compounds are

polyhydric alcohols, such as alkylene polyols. Preferably, the polyhydric alcohols

contain from 2 to about 40 carbon atoms, from 2 to about 20; and or from 2 to

about 10 hydroxyl groups, or from 2 to about 6. Polyhydric alcohols include

25 ethylene glycols, including di-, tri- and tetraethylene glycols; propylene glycols,

including di-, tri- and tetrapropylene glycols; glycerol; butane diol; hexane diol;



25 pol yam nes. The amine is added in an anmount sufficient to neutralize any
nonesterified carboxyl groups. In one enbodi nent, the nitrogen-containing
WO 01/ 46@,5%1)3%} US00/ 35339 48 carboxylic esterdi spersantgcgn@opsspar ed by
reacting abou .0 to 2.0 equivalents, or about 1.0 to 1.8 equival ents of
hydr oxy compounds, and up to about 0.3 equivalent, or about 0.02 to about
0. 25 equi val ent of polyam ne per equivalent of acylating agent. 5 In

anot her enbodi nent, the carboxylic acid acylating agent nay be reacted
simul taneously with both the al cohol and the amine. There is generally at

| east about 0.01 equivalent of the alcohol and at |east 0.01 equival ent of
the am ne although the total amount of equivalents of the conbination
shoul d be at |east about 0.5 equival ent per equival ent of acylating agent.
These nitrogen-containing 10 carboxylic ester dispersant conpositions are
known in the art, and the preparation of a nunber of these derivatives is
described in, for exanple, U S. Patents 3,957,854 and 4, 234, 435 whi ch have

been i ncor porsyrBrolDArabRbr hidiiftoR sBYI0RESIrictobd NI Ey QORSHTERIG!; efyiifritol;
di spersant may al so be derived froma Mnnich ™ di spérsant. Mannich

di spersants aand gentaetythyitalas inctiding direaned ddpentaenfthritol; |prefarably 5 distieylene

al dehyde, at | east, one of the above described am ne and at, |.east one .al kyl
Subst ) tut ed 19Dy ERHR0e BNEoR Rl SHiohRL RefiRaviralSl Al APE Far B!
tenperature to 225fhe ysiVBVdric Al i ] wese :

nost preferred), w teth Xei, ar%u%@'gﬁﬁfﬁ%@%@ﬁ%ﬁwgeﬂb@ﬁ%ﬁ@?lﬁ%%n%| ar
ratdo of hydremyaiteahout3ecapmamatons,farrfromh ddloyt 8 tb@banit 18, provided tratradnge

SUbSt |t ut ed HRBTERPRSTERYISrahisotalns URsRET e AR S PETOREABI IGRFiEh
e T e
4, 4" - bi s( hydrimxy)ibigeitsnydve fropdatkmout Sctorgbmun 89 acdebo atbris and include octanoic,
oleic, stearic, linoleic, dodecanoic and tall oil acids. Specific examples of these
10 esterified polyhydric alcohols include sorbito! oleate, including mono-and dioleate,
sorbitol stearate, including mono- and distearate, glycerol oleate, including glycerol
mono-, di- and trioleate and erythritol octanoate.
The carboxylic ester dispersants may be prepared by any of several known
methods. The method which is preferred because of convenience and the super-
15 ior properties of the esters it produces, involves the reaction of the carboxylic
acylating agents described above with one or more alcohols or phenols in ratios
of from about 0.5 equivalent to about 4 equivalents of hydroxy compound per
equivalent of acylating agent. The esterification is usually carried out at a
temperature above about 100°C, or between 150°C and 300°C. The water formed
20 as a by-product is removed by distillation as the esterification proceeds. The
preparation of useful carboxylic ester dispersant is described in U.S. Patents
3,522,179 and 4,234,435, and their disclosures are incorporated by reference.
The carboxylic ester dispersants may be further reacted with at least one
of the above described amines and preferably at least one of the above described
25 polyamines. The amine is added in an amount sufficient to neutralize any

nonesterified carboxyl groups. In one embodiment, the nitrogen-containing



25 fused-ring hydrocarbon (e.g., naphthols and the |ike); and pol yhydroxy
conpounds WO 01/46352 PCTI USOQ 35339 49 .such as catechol, resorcinol and
hydr oqui QR\fiuueddpxt ures of one or nore hydroxyaromatic corpEusWssszan be
used as the %lrst reagent. The hydroxyaromati c conpounds are those
substituted with at | east one, and or not nore than two, aliphatic or
alicyclic groups having at |east about 6 5 (usually at |east about 30, or
fromat |east 50) carbon atons and up to about 400 carbon atons, or up to
about 300, or up to about 200. These groups may be derived fromthe above
descri bed pol yal kenes. In one enbodi nent, the hydroxy aromatic conmpound is
a phenol substituted with an aliphatic or alicyclic hydro- carbon-based
group having an Wn of about 420 to about 10,000. 10 The second reagent is a
hydr ocar bon- based al dehyde, preferably a 48wer aliphatic al dehyde.
Sui t abl e al dehydes i nclude fornmal dehyde, benzal dehyde, acetal dehyde, the
but yr al dehydes, hydroxybutyral dehydes and heptanals, as well as al dehyde

precursors Whigibhokgircdstasdispstehidasie préledret ré@cﬂm td b 1 @totmequ.earéht@n
such as paraf or mal dehyde, paral dehyde, formalin an net hal . 15 For mal dehyde

ﬁ/]nd its prfcufgaﬁsut 4.¢ 10 1p&mm§mtde¢fyhlsejroxylmmm)ndar @nprepetoraizbut 0.3
t h h
s ‘any. am ne BRGEHEBL T AoVE0 SBGbou D28 FaURREST RO S Rt o SR

descri bed aboy |a{}{§q15'ggnt_di spersants are described in the follow ing
patents: U S. en , 980, 569; U.S. Patent 3,877,899; and U. S. Patent 20
4,454,059 (herein lnmmtbelranbddimemahercerhm(yﬁoacidtaeylatidgagbo’smagbemewadi ch

di spersants I d t.ed d t.
The borat ed.  UENESHE AN BPEptecB)o R R be Tiorar GeerANet ek
di spersant is @outb@bﬁtédlﬁvéleﬁ%f thENSIcHRGI QY BY 160 BR0 £ ehBhvalent it tﬁé’raﬁ’ﬁnﬁg

di spersants.
although the total amount of equivalents of the combination should be at least

about 0.5 equivalent per equivalent of acylating agent. These nitrogen-containing
10 carboxylic ester dispersant compositions are known in the art, and the preparation
of a number of these derivatives is described in, for example, U.S. Patents
3,957,854 and 4,234,435 which have been incorporated by reference previously.

In another embodiment, the dispersant may aiso be derived from a Mannich

dispersant. Mannich dispersants are generally formed by the reaction of at least
15 one aldehyde, at least one of the above described amine and at least one alkyl

substituted hydroxyaromatic compound. The reaction may occur from room

temperature to 225°C, usually from 50° to about 200°C (with from 75°C-150°C

most preferred), with the amounts of the reagents being such that the molar ratio

of hydroxyaromatic compound to formaldehyde to amine is in the range from about
20 (1:1:1) to about (1:3:3).

The first reagent is an alkyl substituted hydroxyaromatic compound. This
term includes phenols (which are preferred), carbon-, oxygen-, sulfur- and
nitrogen-bridged phenols and the like as well as phenols directly linked through
covalent bonds (e.g. 4,4'-bis(hydroxy)biphenyl), hydroxy compounds derived from

25 fused-ring hydrocarbon (e.g., naphthols and the like); and polyhydroxy compounds



Exanple CG1 WO 01/46352 PCTI USOQ 35339 50 A m xture of 372 grams (6
equivalents of boron) of boric acid and 3111 grans (6 equival ents of

ni trogeny, @3, acyl ated nitrogen conposition, obtained yerwgassizng 1
eqU|vaIen? of a pol ybut enyl (n=850) succinic anhydride, having an acid
nunber of 113 (corresponding to an equi val ent wei ght of 500), with 2

equi valents 5 of a commercial ethylene am ne m xture having an average
conposition corresponding to that of tetraethyl enepentanm ne, is heated at
150C for 3 hours a then filtered. The filtrate is found to have a boron
content of 1.64% and a nitrogen content of 2.56% 10 Exanple C2 (a) A
reaction vessel is charged with 1000 parts of a pol ybutenyl (M=1000)
substituted succinic anhydride, having a total acid nunber of 108, with a
m xture of 275 grams of oil and 139 part49of a commercial m xture of

pol yam nes corresponding to 85% E-100 am ne bottons and 15%

di ethyl enetriam ne. The 15 reaction mxture is heated to 150 to 160C and

the reaction §gieisatttcthos reSdréthal Bad ﬁWroHQManOUmﬁlxtuTQ§ dfeaRti &M mdre
blown with nitrogen to renove water. (b)" A reaction vessel is charged with

1405 parts of hydrexparomatic eimpsiamgs earcbea;sedmtparftrst reagéot.i ¢ acid, and 398
parts of diluent o e mxture is heat 100 to 0 adthe
tenperature maint a#h@&‘@ﬁ?’?ylar%g? CBF@PPPEa@ée e%“bs’f'ﬁg gﬁﬁphf?wﬁ?sb?%%uct
contains 2. 3%h4 tor ¢t more ﬁwénbfw&rhh pate Qg chr loups g at leadf@bodt 6

total base nunber of 60. QI of Lubricating sco ity 'rl"ﬂé\ﬁr} ubri cant and
conbent r at e afuswially at Idasbaboalt 30 @rficen atleagt SThearboh atdms 28d|upbtoi atedit 4§0

Uhan about - SOSABPTEPHIR 07 UFh{cLABO G BUY SFcl 10 REUbRE0 of NeaB§ToHPR ey Be

viscosity is YO #t83rheRbbVERddcABEd Bolyalkenes. In one embodiment, the hydroxy
aromatic compound is a phenol substituted with an aliphatic or alicyclic hydro-
carbon-based group having an Mn of about 420 to about 10,000.

10 The second reagent is a hydrocarbon-based aldehyde, preferably a lower
aliphatic aldehyde. Suitable aldehydes include formaldehyde, benzaldehyde,
acetaldehyde, the butyraldehydes, hydroxybutyraldehydes and heptanals, as well
as aldehyde precursors which react as aldehydes under the conditions of the
reaction such as paraformaldehyde, paraldehyde, formalin and methal.

15 Formaldehyde and its precursors (e.g., paraformaldehyde, trioxane) are preferred.
Mixtures of aldehydes may be used as the second reagent.

The third reagent is any amine described above. Preferably the amine is
a polyamine as described above. Mannich dispersants are described in the follow-
ing patents: U.S. Patent 3,980,569; U.S. Patent 3,877,899; and U.S. Patent

20 4,454,059 (herein incorporated by reference for their disclosure to Mannich
dispersants).

In one embodiment, the dispersant is a borated dispersant. The borated
dispersant are prepared by reacting one or more of the above dispersant is a
borating agent. The following example relate to borated dispersants.

25

Example C-1



51 present in an anmount greater than about 60% or greater than about 70%
or greater than about 80% by wei ght of the conposition. The oils of
Iubricatwﬂﬁouyﬁ§posity i nclude natural or synthetic |ubripatis@/siss and
m xtures thereof. Natural oils include animal oils, vegetable oils,

m neral lubricating oils, and solvent or acid 5 treated mneral oils.
Synthetic lubricating oils include hydrocarbon oils (polyal pha-olefins),
hal o- substituted hydrocarbon oils, alkylene oxide polyners, esters of

di carboxylic acids and pol yols, esters of phosphorus-containing acids,

pol yneric tetrahydrofurans and silicon-based oils. Unrefined, refined, and
rerefined oils, either natural or synthetic, nay be used in the
conpositions of the 10 present invention. A description of oils of

| ubricating viscosity occurs in U S. Patéot 4,582,618 (colum 2, |ine 37
t hrough colum 3, line 63, inclusive), herein incorporated by reference
for its disclosure to oils of lubricating viscosity. In one enbodi nent, the

oi | of lubricatingAwnbewsidfB72yrameeb vauvateris @fbcsronia@ncaad)aﬁ@talmgrame
pol yal pha-ol efins are derived from nononers having from 15 about 3 to

about 30, or {6 G&auirientsqof pitregen) of@n geylptashniingen eompositiont obtined Hyn

. Ex I d fromd Th
PAGs Ty havel g oenYyabntR ABEPIBYLERS0r ShiE e shRrbERT 255ine 4 o0
about 100, or nlirErapeys (éor?é’sp%h@ﬂigl%éi‘rséqlﬂ{'aléﬂﬂﬁel kX80 ®swith 2Pe%§aﬁvaleﬁisude
4 cSt polyolefins, 6 cSt polyolefins, 40 cSt pol Igefl ns and 100 cSt

pol yal phaol ef Phsa qumeeméh‘@tﬂwlmenammﬁe rouxturef hawng| eat avqagescompwltmne

sel ected to provide r co itions with Ki osity of
2t Least abouroucsSuifgl T 'ofRelatRiB kLA Toey s Jeskiber |5 ol Fhour
enbodi ment, t BehbHlie?8d ] MheC ARTRES id FAUIR td'A%Ge 2NbSR séx%nt/bﬁqm%yar&! ade
of at Ieast about SAE 75W The lubricating 25 conposition nmay al so have a
so-cal | ed nul nitepgeaecardentaf 256%.as SAE 75W 80, 75W 90, 75W 90, 75W 140,
80W 90, 80w 140, 85W90, or 85W 140. WO 01/46352 PCT/ US00/ 35339

10 Example C-2
(a) Areaction vessel is charged with 1000 parts of a polybutenyl (Mn=1000)

substituted succinic anhydride, having a total acid number of 108, with a mixture

of 275 grams of oil and 139 parts of a commercial mixture of polyamines
corresponding to 85% E-100 amine bottoms and 15% diethylenetriamine. The

15 reaction mixture is heated to 150 to 160°C and the reaction temperature is
maintained for four hours. The reaction is blown with nitrogen to remove water.

(b) A reaction vessel is charged with 1405 parts of the product of Example

C-3a, 229 parts of boric acid, and 398 parts of diluent oil. The mixture is heated

to 100 to 150°C and the temperature maintained until water distillate ceases. The

20 final product contains 2.3% nitrogen, 1.9% boron, 33% 100 neutral mineral oil and

a total base number of 60.

Oil of Lubricating Viscosity

The lubricant and concentrate an oil of lubricating viscosity. The oil of
25 lubricating viscosity is generally present in a major amount (i.e. an amount greater

than about 50% by weight). In one embodiment, the oil of lubricating viscosity is



52 I n one enbodi ment, the oil of lubricating viscosity is a mneral oil.
The mneral oils have an iodi ne nunber of less than 9 and/or at | east
about 45%ép$1/46§§ saturates present as aliphatic saturatesct/Ussbizsssoval ue is
determ ned according to ASTM D-460. In one enbodinment, the mneral oil has
a iodine value less than 5 about 8, or less than about 6, or |ess than
about 4. The saturates |level are determ ned by nmass spectroneter. By nass
spectroscopy, Goup | stocks have about 70% saturates, Goup Il stocks
have about 95%to about 98% saturates and Goup |1l stocks have about

98% 100% saturates. Goup Il stocks have greater than 50% of their
saturates present as cycloparaffinic conpounds. The saturates 10 of the
mneral oils used in the present invention typically have at | east about
45% or at |east about 50% or at |east &bout 60% aliphatic saturates.
These aliphatic saturates are often referred to as paraffinic saturates.
The cyclic saturates are generally referred to as cycloparaffinic

saturates. Cyptdsensai ahadrRduROERRAEr tHaR abatod s, of grdsted Mhal absat 709, e
m neral oils. The inventors have discovered that 15 mneral oils having a

hi gher propor giestethaal apelat 8Q%sby weigkisofhtheectropositionxi The iots of pulyfmatinges
d | t tur.e . nerti As . in the t 'm | N f

Co oi b of T ubepeat: REEAEaER oSt 1pac dina e s et NethiR "

The petrol eunpild iHERRIeENMBEOIISS Vébéﬂglbj@oi@ nﬂﬁ&%‘?%giggth%'déi%,%ﬁd solvent or acid

hydr oprocessi ng, hydrocracking, and isonerizing. Hydr opr ocessi ng
i ncbudes proctrested svipkrals oflequebynthetic slibriaatinghgilsi sncledaxhydrocarkdn oils

hydr of i ni shing. T ' | .0il f ed t G I 11
basest ook or  HRUAGHT SR SrriSisBstlfed iy atasartael a0y ee oL bRy TR
0. 3% | 1.0 . . i Qi . .
bt cati ng Vi Sen Of el el e PO, SERAS L PR e Rataing acids. o

Exanpl es of upelynierwi tetraifydrofiurarsatandg silicenmisey oitec| udeardfiviedanefidéd/l and

basest ocks, such_.isonerized wax base oils and O (Unconventional Base
O ls) WO 01/ 4@3@% ggg@galaor synthetic, may be use( In the composnt?ons of the

10 present invention. A description of oils of lubricating viscosity occurs in U.S.
Patent 4,582,618 (column 2, line 37 through column 3, line 63, inclusive), herein
incorporated by reference for its disclosure to oils of lubricating viscosity.

In one embodiment, the oil of lubricating viscosity is a polyalpha-olefin
(PAO). Typically, the polyalpha-olefins are derived from monomers having from

15 about 3 to about 30, or from about 4 to about 20, or from about 6 to about 16
carbon atoms. Examples of useful PAOs include those derived from decene.
These PAOs may have a viscosity from about 3 to about 150, or from about 4 to
about 100, or from about 4 to about 8 ¢St at 100°C. Examples of PAOs include
4 cSt polyolefins, 6 cSt polyolefins, 40 cSt polyolefins and 100 cSt

20 polyalphaolefins.

In one embodiment, the oil of lubricating viscosity are selected to provide
lubricating compositions with a kinematic viscosity of at least about 3.5 cSt, or at
least about 4.0 ¢St at 100°C. In one embodiment, the lubricating compositions
have an SAE gear viscosity grade of at least about SAE 75W. The lubricating

25 composition may also have a so-called multigrade rating such as SAE 75W-80,
75W-90, 75W-90, 75W-140, 80W-90, 80W-140, 85W-90, or 85W-140.



53 base oils. Specific exanples of these base oils include 100N isonerized
wax basestock (0.01 % sul fur/ 141 VI), 120N i sonerized wax basestock (0.01

% sul fUWOO}ﬂ%Syl , 170N i sonmerized wax basestock (0. 01%plAfido0iss3842 V1),
and 250 I'sonerized wax basestock (0.01%sulfur/ 146 VI); refined

basest ocks, such as 5 250N solvent refined paraffinic mneral oil (0.16%
sul fur/ 89 VI ), 200N solvent refined naphthenic mneral oil (0.2% sul fur/
60 VI), 100N solvent refined/ hydrotreated paraffinic mneral oil (0.01%
sul fur/98 V1), 240N solvent refined/ hydrotreated paraffinic mneral oil
(0.01% sul fur/ 98 VI), 80N solvent refined/ hydrotreated paraffinic
mneral oil (0.08% sul fur/ 127 VI), and 150N solvent 10 refined/
hydrotreated paraffinic mneral oil (0.17% sul fur/ 127 VI). Further
exanples of the mneral oils include thos#2G oup Il basestocks nmade by
Texaco such as the TEXHVI stocks which include TEXHVI - 100N (95% sat ur at es,
125 wviscosity index and 0.02% sul fur); TEXHVI-70N (97.8% saturates, 123

viscosity index apdoRe @ABSHIEHT, )theT@%@anb&mg\/ﬁ cdSitfd a HitetABY. (TRE%
saturates, 15 125 viscosity index and 0.01% sul fur); and "MOTI VA" TEXHVI

75N (100% saltrmexale@ls hep@ an iodos nymbenkfiessitiiao a)amds'qt ahjeast aboaitrd b Ysofdhe
useful Goup Il Il  basest o S ma VIO ncI 200 100%
aaturates.  TARYTABSBISPT oR AURN R GSS, LHine v3iLS (R eTaN Y AgIgng to
saturates, 128sYFE0§64.Y I BHE'emSEimeRt, qgé%ﬁuéﬁll&l)haszg |5’cﬂh¥%h§a 1k ithBnt he
mul ti grade | ubricant w |l have at |east one polymer present. The pol ymer

genBral ly is abasgehtoi lesarthantabautfa, om labsdbard@boot dbolihedstyrases fevahare

bout 5%t t 35 f t 10%t0 about 30% i ght _of the 25
ubr i catf ng cOMBUEINAAUR, MASS SRERYRAELE'r ot T19ES SPREFISHARnE o beReFIRYE
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Group HI stocks have about 98%-100% saturates. Group |l stocks have greater
than 50% of their saturates present as cycloparaffinic compounds. The saturates

10 of the mineral oils used in the present invention typically have at least about 45%,
or at least about 50%, or at least about 60% aliphatic saturates. These aliphatic
saturates are often referred to as paraffinic saturates. The cyclic saturates are
generally referred to as cycloparaffinic saturates. Cyclic saturates compose the
balance of the saturates in the mineral oils. The inventors have discovered that

15 mineral oils having a higher proportion of aliphatic saturates have better oxidation
properties and low temperature properties.

As use herein the term "mineral oil" refers to oils of lubricating
viscosity which are derived from petroleum crude. The petroleum crudes may be
subjected to processing such as hydroprocessing, hydrocracking, and isomerizing.

20 Hydroprocessing includes processes such as sequential isocracking, isodewaxing
and hydrofinishing. These mineral oils are those referred to as Group Il
basestock or base oils. In one embodiment, the mineral oil has less than 0.3% or
less than 0.1% sulfur. In another embodiment, the oils of lubricating viscoisty
generally have a viscosity index of 120 or more.

25 Examples of useful oils of lubricating viscosity include HVI and XHVI

basestocks, such isomerized wax base oils and UCBO (Unconventional Base Oils)



54 unsaturated carboxylic reagent copolynmer, a polyacrylate, a
polynethacrylate a hydrogenated interpolynmer of an al kenylarene and a
conj ugat‘gg and mxtures thereof. Here, and el se wangowssse
specifica |on and clainms, any nenber of a genus (or list) may be excl uded
fromclains. 5 In one enbodinent, the polyner is characterized by an Mv
(wei ght average nol ecul ar weight) of |ess than about 50,000, or |less than
about 45,000, or less than about 40,000. In one enbodinent, the pol yner
has an Mwv of |ess than about 25,000, or |ess than about 10,000, or |ess

t han about 7,000. Typically the polyner has an Mv of at |east about 1,000,
or at |east about 2,000, or at |east 10 about 3,000. In one enbodi nent, the
polymer is characterized by an Mn (nunber average nol ecul ar weight) of up
to about 6000, or up to about 5000. Cenegally, the polyner is
characterized by having an Mh from about 800 to about 6000, or from about
900 to about 5000, or from about 1000 to 4000. In another enbodinent, the

pol yners havepgsdVBild." oBpabRigtexhdtiles of ﬁjfé%'étbé:ééo&ls iﬂ&luﬁé%@m@h%ﬁze@ﬂgxt 0

about 4500, or from about 1700 to about 3000. The polyners also generally
have a Mv Mh basestadio® 0 1%5ufor/a8duv]) 8120 isbnmarizet ovax Hasestacka DA% sulfur/ or

bol yner of i i,%%?ﬁf’m@mr'p@u%é‘ i BasgSioon. o BT Rt 40 X656 e 2SS
enbodi nent, Eh@ﬂ&éd v@%é BRLESBLR Y §o ‘oﬁib/QEhlfW'M%B\/l)' I%fﬁegq{a%@sf&kk@ué’r?%gr ed

nol ecul ar wei ght. The aring m done in any’sui table apparatus, such
as &n extrude250Nrsdivgrecelined pmaﬁiﬁ@ eppenad bil 0. 1@% suﬁhdSﬁMD exm@mlsmwem

aver age mol ocEBPWBRBRNENIce PRSI O al Sl 340, aT$ON Sol¥eRarStiiny
(650 Tt oS o 0 S g st
01/ 46352 PCTI hﬁﬁﬁr&éﬂa’ﬁﬂparaﬁmlc mineral oil (0.01% sulfur/ 98 VI), 80N solvent refined/
hydrotreated paraffinic mineral oil (0.08% sulfur/ 127 VI), and 150N solvent
10 refined/ hydrotreated paraffinic mineral oil (0.17% sulfur/ 127 VI). Further
examples of the mineral oils include those Group Il basestocks made by Texaco
such as the TEXHVI stocks which include TEXHVI-100N (95% saturates, 125
viscosity index and 0.02% sulfur); TEXHVI-70N (97.8% saturates, 123 viscosity
index and 0.02% sulfur); Texaco “MOTIVA” TEXHVI 90N-100N (100% saturates,
15 125 viscosity index and 0.01% sulfur); and “MOTIVA” TEXHVI 75N (100%
saturates, 125 viscosity index and 0.0% sulfur). Examples of useful Group Il
basestocks made by Chevron include UCBO 200N (100% saturates, 142 viscosity
index and 0.005% sulfur); UCBO 100N (100% saturates, 129 viscosity index, and
0.004% sulfur).
20
Polymers
Often the multigrade lubricant will have at least one polymer present. The
polymer generally is present in an amount from about 3% to about 40%, or from
about 5% to about 35%, or from about 10% to about 30% by weight of the
25 lubricating composition. The polymers include a polyalkene or derivative thereof,

an ethylene-a-olefin copolymer, an ethylene-propylene polymer, an a-olefin-



55 of this invention a series of fractionated polynmers of isobutene,

pol yi sobut ene, used as the calibration standard in the GPC. The

t echni qugs, a getern1n|ng Mh and Mw val ues of pol ynmers mrreussessszknown and
are described i n nunerous books and articles. For exanple, nethods for the
determ nation of My and nol ecul ar 5 weight distribution of polynmers is
described in WW Yan, J.J. Kirkland and D.D. Bly, "Mdern Size Excl usion
Li quid Chronat ographs”, J. Wley & Sons, Inc., 1979. 1In one enbodi nent,
the polyner is a polyal kene. The pol yal kene i ncl udes honopol yners and

I nterpolyners of olefins having from2 to about 40, or from3 to about 24,
or from4 to about 12 carbon atons. The ol efins may be nonool efins, 10
such as et hyl ene, propyl ene, 1-butene, isobutene, an a-olefin, or

pol yol efi ni ¢ monomers, including diolefinb4 nononmers, such 1, 3-butadi ene
and isoprene. The a-olefins generally have from about 4 to about 30, or
fromabout 8 to about 18 carbon atons. These ol efins are sonetines

referred to aangmeatéd@aeﬁdmc@éagérﬂro@spa@hnal afpdnﬁacrgrh@ a—mﬂmﬁefn@ gte, a

i sonerized a-ol efins include 1-octene, 1 15 nonene, decene 1- dodecene,
1-tri decene, myd@geaamﬂéerpmmm @ﬂ@cfeﬁﬁxenylarm@u@can@onmgmgtdu@a@era@d
1- oct adecene, 1 nonaggcenﬁ }i el cosen

ci'of

1-tetracosene, mixfes rFy aé\?a?%&b\'lvgege%gl %?%eeréfﬁcgif’ﬁg%@ tcﬂaértnscfr?ybe

used include phenbddaflBgén r'h@ﬁ m&y Bekchrdeldatdlaimb4_16 a- ol efins,
Cl4 18 a-olefins, Cl6 1 efins, Cl6 20 a-olefins, Cl18 24 a-ol efins,

C22528a 20 ol efi ns)n ene. embedpwytalth@rmdyraee m@bara@termedcbmmﬂ\ﬂwdwelght
Do e YRl TE st R LheS by b ronb b b b 8RS
e Pecor che. SPPELKESBARSDINES POSACLRRMER, WSLYMIfRSE i of e
honopol yner, tharhalaeut2%,G0( or jdssttbar abOut1@Ra0pddess thanatefud [7,G08). ybypieally i s
a pol yner Whe’Ehee ggl?/r%ter g?s/oa 9v1()/f4??éast abothS%BOSrBa?f?eas? about 2,000, or at least
10 about 3,000. In one embodiment, the polymer is characterized by an Mn
(number average molecular weight) of up to about 6000, or up to about 5000.
Generally, the polymer is characterized by having an Mn from about 800 to about
6000, or from about 900 to about 5000, or from about 1000 to 4000. in another
embodiment, the polymers have a Mn from about 1300 to about 5000, or from
15 about 1500 to about 4500, or from about 1700 to about 3000. The polymers also
generally have a Mw/Mn from about 1.5 to about 8, or from about 1.8 to about 6.5,
or from about 2 to about 5.5.
In one embodiment, the polymer may be a sheared polymer of higher
molecular weight, e.g. greater than Mw 50,000. In this embodiment, a higher
20 molecular weight polymer is sheared to the desired molecular weight. The
shearing may be done in any suitable apparatus, such as an extruder, an injector,
an FZG apparatus, etc.
The abbreviation Mw and Mn is the conventional symbol representing
weight average and number average molecular weight, respectively. Gel perme-
25 ation chromatography (GPC) is a method which provides both molecular weights

as well as the entire molecular weight distribution of the polymers. For purpose



of the polymer is derived fromisobutyl ene. Useful polybutenes include
those having an Mwv of about 4,000 to about 8,000, or 6,700. In one

enbodi ”EVYB 1438, pol yal kene is derived fromone or nore dipemasoo/3ssse di enes
i ncl ude 3 pent adi ene, isoprene, nethylisoprene, 1,4-hexadiene, 1,5- 5
hepat adi ene, 1-6-octadi ene, 5-ethylidene-2- norbornene 5- nethylene-z

nor bornene, |inear 1, 3-conjugated dienes (e.g. 1, 3-butadiene,
2,3-dimethyl -1, 3- butadi ene, and 1, 3-hexadi ene) and cyclic dienes (e.qg.
cycl opent adi ene, dicycl opent adi ene, ful vene, 1, 3-cycl ohexadi ene,

1, 3, 5-cycl oheptatri ene, and cyclooctatetraene). The pol yal kene may be a
honmopol yner of a diene, or a co 10 or terpolyner of a diene with either
anot her diene or one or nore of the above nonoolefins. The pol yal kene nmay
be hydrogenated. A comrercially avail abl &5 pol yal kene derived from at | east
one diene is LIR-290, a hydrogenated polyisoprene (Mw=25,000), available
comercially fromHKuraray Co, Ltd. In another enbodiment, the polyner is a

derivative ofofahpdhyentiane seds of ﬂrécﬁtﬁfaw@bbmrﬁbelsbbntéh’d P lyisctnases Oy
reacting one or nore of the above polyal kenes or a hal ogenated derivative

t her eof wit h usedasthesalibeationesstigadard imibe GRE odbadedmipes/for detrrmining Mn
e’ or opar at 1 1 Y PaileB B1AGITERR at¥ 8y Rodiih 388 s 888¢Pa rRip¢rolkBRs

unsat urated r@apafmictes. NEbHERampiairHéogd famhecdetefhinafisn ofiih aﬂd unsletulaat ed
carboxylic reagents, such as unsaturated acids, esters, and anh%/drl des.

Exa®pl es of ungahndwwtmcpfecplyrn@raj@éiamgbedmav\éw Mands). Ki anrd2B-

exampl es of UiYadt G Eeear e LRl ChepOPiHRRR NGy B s e REALT €
bi s(acryl am de), nptdircénibadintit, theQohiast e pé\fyélﬁeﬁe dTRE pBRRIKENE includes

mal ei mi de, 25 N-(3-d i nethyl am nopropyl) mal el m de,
N- ( 2- met hoxyehdrm@pelvmelrg. andlieterpelgmeniDoDalehins baving Trans@ao3888Y 4057 fion ayl

pyrrolidinoneg to a?bou?54,40rv rc§]r¥4 tB%rkJ'o% ? 5 ca%orrqeattg%lsa%e o?efprxe, maq)'l3 Eg?r%rYooqu ins a,md
10 such as ethylene, propylene, 1-butene, isobutene, an a-olefin, or polyolefinic
monomers, including diolefinic monomers, such 1,3-butadiene and isoprene. The
a-olefins generally have from about 4 to about 30, or from about 8 to about 18
carbon atoms. These olefins are sometimes referred to as mono-1-olefins or
terminal olefins. The a-olefins and isomerized o-olefins include 1-octene, 1-
15 nonene, 1-decene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, 1-
hexadecene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-eicosene, 1-
heneicosene, 1-docosene, 1-tetracosene, etc. Commercially available a-olefin
fractions that can be used include the C,s,, a-olefins, C,,,s a-olefins, C, 46 G-
olefins, C,,..; x-olefins, C,¢ 45 a-0lefins, C,q.,, a-olefins, C,q,, x-olefins, C,, 5 O-
20 olefins, etc. The polyalkenes are prepared by conventional procedures. The
polyalkenes are described in U.S. Patent 3,219,666 and 4,234,435, the
disclosures of which is hereby incorporated by reference. Examples of
polyalkenes includes polypropylenes, polybutylenes, polyisoprene and
polybutadienes. In one embodiment, the polyalkene is a homopolymer, such as

25 a polybutene. One example of a useful polybutene is a polymer where about 50%



the like. In one enbodi nent, the unsaturated carboxylic reagent is an acid,
anhydri de, ester, or mxtures thereof. If an ester is desired, it can be

pr epar edwlyor/4g3sheact i ng an unsaturated carboxylic acid orparnbyevisstde with a
pol yal kene or hal ogenated derivative thereof and subsequently reacting the
reaction product with an alcohol to formthe ester. The unsaturated
carboxylic reagents include acrylic acid, nmethacrylic acid, cinnamc acid,
crotonic acid, 2-phenyl propenoic acid, naleic acid, naleic anhydride,
fumaric acid, nesaconic acid, itaconic acid and 10 citraconic acid maleic,
fumaric, acrylic, methacrylic, itaconic, and citraconic acids, esters, and
anhydri des (where possible). The esters nay be represented by one of the
formulae: (R )2C=C(R )C(O OR2, or R20-(0O C HC=CH C(O) OR2, wherein each R
and R2 are independently hydrogen or a hy8Bocarbyl group having 1 to about
30, or to about 12, or to about 8 carbon atons, R, is hydrogen or an al kyl
15 group having from1l to about 6 carbon atons. In one enbodinent, R 1is

preferably hydf ttgepoiymer iseddrivedofrompisoboty®sied. helsefuilipslybRehes Mlide Bbse
al kyl or hydroxyal kyL group havi ng fromabout 1 to about 30, or from2 to
about 24, or PRYAY LMY okabeut480¢ ta gbeul $OA0a00BFO00R2 may be derived from

"ol ude methyl - acry1 378 Sibogifess o RS RO LD Yhe fr FHA” denes.
2- hydr oxyet hyfThadieHeatifclugé hyd perthbiRpeyisapne2meivdisopisrid)y 14-nekdtherny 1 1a6-€,
2-h droxypropKI met hacryl at e, 2-hydrox¥propyl acryl ate, ethyl mal eat e,
but yl mal eat engpatadiendyi Abcprtadierat ed-ethwlidgrneyd-narkerneingc| rgethvigne-2s

vel | a5 o BoePhofB e B Al MBS A 2
art. These mabgtddiérie,haive bEShexatiRinegdaha @§cilty diieras bid.gshridgdstsdlene,
carboxylic WO 01/46352 PCTI USOQO' 35339 58 acyl ating agentsS, and are
di scussed bel digyclgpegtadienanfyvene1d,H6gclahexadiene, 1,3,5-cycloheptatriene, and
cyclooctatetraene). The polyalkene may be a homopolymer of a diene, or a co-
10 or terpolymer of a diene with either another diene or one or more of the above
monoolefins. The polyalkene may be hydrogenated. A commercially available
polyalkene derived from at least one diene is LIR-290, a hydrogenated
polyisoprene (Mw=25,000), available commercially from Kuraray Co, Ltd.
In another embodiment, the polymer is a derivative of a polyalkene. The
15 derivatives are typically prepared by reacting one or more of the above
polyalkenes or a halogenated derivative thereof with an unsaturated reagent. The
halogenated polyalkenes are prepared by reacting a polyalkene with a halogen
gas, such as chlorine. The preparation of these materials is known to those in the
art. The unsaturated reagents include unsaturated amines, ethers, and
20 unsaturated carboxylic reagents, such as unsaturated acids, esters, and
anhydrides. Examples of unsaturated amines include unsaturated amides,
unsaturated imides, and nitrogen containing acrylate and methacrylate esters.
Specific examples of unsaturated amines include acrylamide, N,N‘’-methylene
bis(acrylamide), methacrylamide, crotonamide, N-(3,6-diazaheptyl) maleimide,

25 N-(3-dimethylaminopropyl) maleimide, N-(2-methoxyethoxyethyl) maileimide,



4,234,435 descri be the pol yal kene derivatives and net hods of naking the
sane and are incorporated for such descriptions. In another enbodi nent,
the pol ygryeilg3s@3n et hyl ene-a-ol efin copolymer. 5 Typi calpgrusdsssepol yner
is a random copol yner. The copol ynmer generally has from about 30%to about
80% or from about 50%to about 75% by nole of ethylene. The a-olefins

i ncl ude butene, pentene, hexene or one nore of the described above

descri bed a-olefins. In one enbodi nent, the a-olefin contains from about 3
to about 20, or fromabout 4 to about 12 carbon atonms. In one 10

enbodi ment, the ethyl ene-a-olefin copolynmers have an Mv from about 10, 000
up to about 40,000, or from about 15,000 up to about 35,000, or from about
20,000 wup to about 30,000. In another enbodi nent, the ethylene-a-olefin
copolynmers have an Mh from about 800 to @Bout 6000, or from about 1500 to
about 5000, or from about 2000 to about 4500. Exanpl es of ethyl ene

a-ol efins copolyners 15 include ethyl ene-butene copol yners and

et hyl ene- oct eNa/iﬁﬂWrwﬂﬁrnﬁbne,EZamﬁ-em%ll BfricheaTagmetallamirvettyi @Isétﬁa@r?mémar S
i ncl ude Lucant HC 600 and Lucant HC 2000 (Ma=25, 000), available from

M tsui Petroctenikéal Co.,Ltd. In another enbodinment, the polyner is an

et hyl ene propyl ene I £s. LNC | ene. pr.opyl .

copol ynmers and et hg/r]ocegr?én%mbpqu-ngggﬁ % %Ueﬁ‘rgsg‘frb%edr Lsé%??/ﬁ’é{ﬁ%t ﬁé;ageet?“yﬁgeﬁgrbec'd’

propyl ene pol yARydride, @8te?! GymBdereB tieNELE NE afiReEDTBEsIEM ca B peaddred byPR

pol \érrer s), it may be fornmed by copolynerization of ethylene and propyl ene

undér known ceeaftingoAs, upsatfieated| garbgxigl aeidNat tanhydede | with corpdilyallsere orhe
ners . contain units.derived

Do e 0, o B A RPN IRl B S A SR B g o
about 60% or aalfishoPRMolY tHBle8ter! TP ABRIGIERSD EfbBYylicteah¥RE ihEIRBE acrylic
propyl ene. The nol ecul ar wei ght distribution may be characterized WO
01/ 46352 PCT/ aisido/mastBacrylisoady, einpemjciasiskr sriotani¢ Maidvn2-pheoyipadpenoid acid,
about 8, or frrn%rlrclaic{i‘lba%%j , rrllaFeic;[ gnﬁ)l?c?r?c}e, fumaric acid, mesaconic acid, itaconic acid and
10 citraconic acid maleic, fumaric, acrylic, methacrylic, itaconic, and citraconic acids,
esters, and anhydrides (where possible). The esters may be represented by one
of the formulae: (R,),C=C(R,)C(O)OR,, or R,0-(0)C-HC=CH-C(O)OR,, wherein
each R; and R, are independently hydrogen or a hydrocarbyl group having 1 to
about 30, or to about 12, or to about 8 carbon atoms, R, is hydrogen or an alkyl
15 group having from 1 to about 6 carbon atoms. In one embodiment, R, is
preferably hydrogen or a methyi group. In another embodiment, R, is an alkyl or
hydroxyalkyl group having from about 1 to about 30, or from 2 to about 24, or from
about 3 to about 18 carbon atoms. R, may be derived from one or more alcohols
described below. Unsaturated carboxylic esters include methyl acrylate, ethyl
20 acrylate, 2-ethylhexyl acrylate, 2-hydroxyethyl acrylate, ethyl methacrylate, 2-
hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate, 2-hydroxypropyl
acrylate, ethyl maleate, butyl maleate and 2-ethylhexyl maleate. The above list
includes mono- as well as diesters of maleic, fumaric, and itaconic acids and
anhydrides.
25 The polyalkene derivatives are prepared by means known to those in the

art. These materials have been referred to as hydrocarbyl substituted carboxylic



4. I n another enbodi nent, the ethyl ene propylene polyner is a terpolynmer of
et hyl ene, propylene and a di ene nononer. In one enbodi nent, the diene is a
5 conj ugyesl/@sne. The dienes are di scl osed above. The tepcpokymss® are
produced under simlar conditions as those of the ethyl ene propyl ene
copolynmers. The preferred terpolyners contain units derived form ethyl ene
i n anount from about 10%to about 80% or from about 25%to about 85% or
about 35%to about 60% by nole, and units derived from propyl ene i n anount
fromabout 15%to 10" about 70% or from about 30%to about 60% by nol e,
and units derived from diene third nononer in anount from about 0.5%to
about 20% or fromabout 1 % to about 10% or about 2% to about 8% by

nol e. The follow ng table contains exanples of ethyl ene propyl ene

terpol yners. Exanpl e Ethyl ene Propyl ene Db&e 15 A 42% 53% 5% 1,5

hept adi ene B 48% 48% 4% di cycl opent adi ene C 45% 45% 10%

5-et hyl i dene-2-norbornene D 48% 48% 4% 1,6 octadi ene E 48% 48% 4% 4

cycl ohexadi enacglatifrg 58gerisYoatfd reredibylissed- Belowr. bOr r@n@atéiter 8 Q1OBBE aice
by nole In one enbodi nent, the ethyl ene propyl ene mer is a terpolyner

ol
of ethyl ene, 4pAdfhgPedesaiike theepelyalkene derivaivesrans methassef makingthe game

avai l able 25 I Cl | . rs fromthe Uniroyal

Cor por at i on. ﬁﬁﬁﬁdﬁé%Bﬁgéé@#%%%@%%gS9 60 et hyl ene propyl ene
terpolymer is Tril émencthetbmBodintintythensolpnepyiselitetglenes olefdi @o;@gﬁlgﬁl@r.ed
by neans know to those in the art. U S. Patent No. 3,691,078 describes

et hyl ene propyiyeif@lipoiheneqrolyner ised fandorafcopolyperi nthe hepglymed geserally has
from about 30% to about 80%, or from about 50% to about 75% by mole of
ethylene. The o-olefins include butene, pentene, hexene or one more of the
described above described a-olefins. In one embodiment, the a-olefin contains
from about 3 to about 20, or from about 4 to about 12 carbon atoms. In one
10 embodiment, the ethylene-a-olefin copolymers have an Mw from about 10,000 up
to about 40,000, or from about 15,000 up to about 35,000, or from about 20,000
up to about 30,000. In another embodiment, the ethylene-a-olefin copolymers
have an Mn from about 800 to about 6000, or from about 1500 to about 5000, or
from about 2000 to about 4500. Examples of ethylene a-olefins copolymers
15 include ethylene-butene copolymers and ethylene-octene copolymers. Examples
of commercially available copolymers include Lucant HC 600 and Lucant HC 2000
(Mw=25,000), available from Mitsui Petrochemical Co.,Ltd.
In another embodiment, the polymer is an ethylene propylene polymer.
These polymers include ethylene propylene copolymers and ethylene propylene
20 terpolymers. When the ethylene propylene polymer is an ethylene propylene
copolymer (EPM, also called EPR polymers), it may be formed by
copolymerization of ethylene and propylene under known conditions, preferably
Ziegler-Natta reaction conditions. The preferred ethylene propylene copolymers
contain units derived from ethylene in an amount from about 40% to about 70%,
25 or from about 50% to about 60%, or about 55% by mole, the remainder being

derived from propylene. The molecular weight distribution may be characterized



i ncorporated by reference for such disclosures. 5 In another enbodinent,
the polyner is a copolyner of an a-olefin and an unsaturated reagent. The
a- ol ef i nsyeraysdds any of those di scussed above, and i ncl ueeTarsopsdddhe,

1- but ene, 2-nethyl propene, 2-nethyl-1-octene, and 1-decene. The

unsat urated reagents are descri bed above. The unsaturated carboxylic
reagents include acrylates, nethacrylates, mal eates and fumarates. The

a-ol efin 10 unsaturated carboxylic reagent polyners are prepared by neans
known to those in the art. Exanples of a-olefin-unsaturated carboxylic
reagent copolyners include poly(octene-co-ethylacrylate),

pol y(decene-co- butyl net hacryl ate), poly(hexene-co-mnaleic anhydride),

pol y(oct ene-co-nethyl fumarate) and the |ike. 15 In anot her enbodi nent, the
pol ymer is a polyacrylate or polynethgerylate. The polyacrylates and

pol ymet hacryl ates i ncl ude honopol yners and interpolyners of one or nore of
t he above described acrylic or nethacrylic acids or esters. The
polyacrqu§g§ @gﬁh@m] I [ rs,
avai l able “fr 021 Roh%wan Haasr» f%nrgzr?ypphl{g%ggpg Sﬂaé\})&ﬁ 9% gp%%!%@n
Soci et e Frdancai se 20 d' Organo- Sythese (SFOSs), LZ 7720C avail abl e from The

Lubri zol Corporatlo ad\ﬂsc ex 0-10 mers, avail able fromRohm
Gar st adt 1 - daragier sEkRaRERE T Visie prBPvIEBE poni s aawmatymer of

i nterpol yrany@ﬁe a;sropylerméla@b%ﬁéﬁ@hﬁo&ﬁ&ﬁ&hl&éemaaamﬁ’erﬁnﬁaéd@ﬁehyaat ed
di ene. The interp oci;rrers i ncl ude diblock, triblock and random bl ock

§ nt er pol yrengigated diens. Sheglienes eﬁ!ezﬁsaleemabpveorrﬂ'dlmwpglymralary have
ut 18, orfromabout 8 to

f rom about aor.f.rom abgut

bbout 15 cepaieAir shiarBonbRf 83 ite e ePiRar ey 0 rEBREMT.

PCT/ USO0/ 373 Breféite@ tonmpalyntsrsi dunitaifl eurfilsyd &id fbrrﬁeéthyleﬁbﬁheé?ﬁount from

o- net hyl styrene, mneth¥l styrene, p-nethylstyrene, p-t _butylstyrene, with

styrene beibeyt % teraboyl 8%°b@ﬂﬂ%@35°m0@mt 86%, oesboutsats mabeut
I soprene aéﬁ% %y m%}ét aaq'ldeﬂr%tsaagrnpéae Frgltnr Spopy?en aé%gunfj koM about 15% to

10 about 70%, or from about 30% to about 60% by mole, and units derived from
diene third monomer in amount from about 0.5% to about 20%, or from about 1%
to about 10%, or about 2% to about 8% by mole. The following table contains

examples of ethylene propylene terpolymers.

Example Ethylene Propylene Diene
15 A 42%* 53% 5% 1,5 heptadiene
B 48% 48% 4% dicyclopentadiene
C 45% 45% 10% 5-ethylidene-2-norbornene
D 48% 48% 4% 1,6 octadiene
E 48% 48% 4%, 4 cyclohexadiene
20 F 50% 45% 4% 5-methylene-2-norbornene

*Percentages are by mole

In one embodiment, the ethylene propylene polymer is a terpolymer of
ethylene, propylene and dicyclopentadiene or ethylidene norbornene, available

25 commercially as Trilene elastomers from the Uniroyal Corporation. A useful



5 The vinyl substituted aromatic content of these, copolynmers is in the
range from about 20%to about 70% or from about 40%to about 60% by

wei ght . Jysss63sehe conjugated diene content is in the ranger/fsoossabout 30%
to about 80% or from about 40%to about 60% by wei ght. These

i nterpol yners are prepared by conventional nethods well known in the art.
Such copol yners usually are 10 prepared by anionic polynerization using,

for exanple, an alkali netal hydrocarbon (e.g., sec-butyllithium as a

pol ymeri zati on catal yst. Exanples of suitable hydrogenated copol ynmers of a
vinyl substituted aromatic conpound and a conjugated di ene include
Shel | vi s-40, and Shellvis-50, both hydrogenated styrene-isoprene bl ock
copol ymers, manufactured by Shell Chem cals. 15 Fluidizing Agent The

| ubricating conpositions may additionallyé@ontain at | east one fl uidizing
agent. Generally, the fluidizing agent is present in an anmount up to about
30% by weight. Typically the fluidizing agent is present in an anount from

about 3% 20 t ethgleetprépYieneterbbmerioniileh&CPo4abPrE eP§¥nd propylaheublyhifkst o
about 27% or h?rom about 15%bt (?mabout 25% by wei ghtt:ﬁgf thﬁe ubrigatyi ngs

conposi ti on. dlfeprepasedtbyomeang ko e thepenin theualts Wit Rateat Nonu6@1.8

o6 1 e S50k e Aok MERGRR RIS s Bt SRReRBBIFRfE tha
consi sting of ingBrpdristddas\eebiafepdBifbEslivrigigepsti@d, a naphthenic oil, a

pol éa-ol efin having a kinematic viscosity fromabout 3 to about 20 cSt at
100€, WD 01/ 46352 PGmatBenepbedonerthe pelymekys acopolytarsif ansy-clefth andaor es

of two or nore thereof. The alkylated. aromatic h ocar hons typicall
ncl ude. mono- URTAtATERSY Eagkito-YHe st iray beuey BhE St aischibove, dnd
substituents memdewéﬁw@ﬁé}qnb@@ﬁspb-a{aw%r@@éﬁé?g-ﬁé@gl-j aResthe Brlda-88%8He. 30
or fromabout 10 to about 14 carbon atons. An exanplé is
The unsaturated reagents are described above. The unsaturated carboxylic
reagents include acrylates, methacrylates, maleates and fumarates. The a-olefin-
10 unsaturated carboxylic reagent polymers are prepared by means known to those
in the art. Examples of a-olefin-unsaturated carboxylic reagent copolymers
include poly(octene-co-ethylacrylate), poly(decene-co-butylmethacrylate),

poly(hexene-co-maleic anhydride), poly(octene-co-methyl fumarate) and the like.

15 In another embodiment, the polymer is a polyacrylate or polymethacrylate.
The polyacrylates and polymethacrylates include homopolymers and interpolymers
of one or more of the above described acrylic or methacrylic acids or esters. The
polyacrylates and polymethacrylates include the Acryloid 1019 polymers, available
from Rohm and Haas Company, Garbacryl 6335 available from Societe Francaise

20 d’Organo-Sythese (SFOS), LZ 7720C available from The Lubrizol Corporation,
and Viscoplex 0-101 polymers, available from Rohm Darmstadt.

In another embodiment, the polymer is a hydrogenated interpolymer of an
vinyl substituted aromatic compound and a conjugated diene. The interpolymers
include diblock, triblock and random block interpolymers. The vinyl substituted

25 aromatic compounds generally have from about 8 to about 20, or from about 8 to

about 18, or from about 8 to about 12 carbon atoms. Examples of vinyl substituted



5 Al kylate A- 215 (a 237 nol ecul ar wei ght al kyl ated benzene) and Al kyl ate
A-230 (a 230 nol ecul ar wei ght al kyl ated benzene) avail able from Monsant o.
The naph§/Repis63s®i | s are those derived from naphthenic crueesuswshssas found
in the Louisiana area. The viscosity of such naphthenic oils at 40C
generally is less than 4 centistokes and nore generally within the range of
from 10 about 3.0 to about 3.8 centistokes. At 100C the viscosity of the
desirable naphthenic crudes is within the range of about 0.8 to about 1.6
centi stokes. The pol ya-ol efins (PAGCs) are described above. Exanpl es of
useful PAGCs include those derived fromone or nore of the above ol efins,
such as the a-olefins. These PAGCs may have a viscosity fromabout 2 to
about 30, or fromabout 3 to 15 about 20, or fromabout 3 to about 8 cSt at
100C. Exanples of PAGCs include 4 ¢St pol y@tolefins, 6 cSt polya-ol efins,
and 8 cSt polya-olefins. A particularly wuseful PAOis derived from decene.
The carboxylic ester fluidizing agents are reaction products of

di carboxylic eetmtiesWhdlodelstyrbaé salaeihystjrens ghﬁémyﬂstﬁr@né,bﬁ%eﬁghlstgfeﬁe[ om
about 2 to about 18, 20 or from about 3 to about 12 carbon atons.” The

al cohol s are d=Stethysyrens, axd-Butyistyrengdwithstyrene being preferrepy Thetwonjugated

goner al 1y coni ity 7 4R b daBole IRftherBsna s Priprlelintie Pharerstashifated

or from about dletigs.about 8 carbon atons. Exanpl es of dicarboxylic acids
include phthalic acid, succinic acid, alkyl (Cl_24 )succinic acids, azelaic
aci ® 25 adi pi ¢ acithe vinyl stlistituted acormiatiCapntentibbihiege copblymess issindharange
di carboxylic esters o 12 al ols. such gs esters of npropyl, butyl,
pentyl . hexy! TORa08Et gpTtptinit LOdnar iertaroi s reabedadts S bmions This,
azel ai ¢ aci d. th8 OB diciNEontbReid MMEGRhHBYrdRHpRSE bt 36 BF S
than about 20% orﬂf ess than abr(])ut I155|% by vve?ghE O;QE%% ggg{)ﬁ %9@!&3%(?%, o

f 1 ui di zi ng agdrmm abpuié 48beteabewtdd(%dy weigbt.allThesé intaspdhemerseatevprepared by

comercially avail abl e gear, apd transm ssi orﬂ concegtrat es ?uch as those
sol d by Exxon, CYBF lczlaﬁll,mglt s well 'known In the art. Such copolymers usually are

10 prepared by anionic polymerization using, for example, an alkali metal
hydrocarbon (e.g., sec-butyllithium) as a polymerization catalyst. Examples of
suitable hydrogenated copolymers of a vinyl substituted aromatic compound and
a conjugated diene include Shellvis-40, and Shellvis-50, both hydrogenated
styrene-isoprene block copolymers, manufactured by Shell Chemicals.

15
Fluidizing Agent

The lubricating compositions may additionally contain atleast one fluidizing
agent. Generally, the fluidizing agent is present in an amount up to about 30%
by weight. Typically the fluidizing agent is present in an amount from about 3%
20 to about 30%, or from about 5% to about 28%, from about 10% to about 27%, or
from about 15% to about 25% by weight of the lubricating composition. The
amount of fluidizing agent equals the total amount of fluidizing agents in the
lubricating compositions.
In one embodiment, the fluidizing agent is at least one member selected
25 from the group consisting of an alkylated aromatic hydrocarbon, a naphthenic oil,

a polya-olefin having a kinematic viscosity from about 3 to about 20 ¢St at 100°C,



5 and Mbil corporations. In this enbodinent, those commercial concentrates
are diluted with the basestocks to formthe transm ssion and gear

f or mul at Key\§/463d3€ conbi nations may be used in |ubricants BCT/U800/35339
concentrates. The concentrate may contain the above conbi nati ons and/ or

ot her conponents used in preparing fully fornulated |ubricants. The
concentrate also contains a 10 substantially inert organic diluent, which

i ncl udes kerosene, mneral distillates, or one or nore of the oils of

| ubricating viscosity discussed bel ow. The conbinations are present in a
final product, blend, or concentrate in any anount effective to act as an
antiwear, antiweld, and/or extrene pressure agents in |lubricating
conpositions. 15 In one enbodi nent, the lubricating conpositions is free of
sulfuried olefins and fatty acids or esteB2. |In another enbodi nent, the

| ubricating conposition is free of overbased netal salt other than the
above descri bed nol ybdenum overbased salts. |In another enbodi nent, the

| ubri cating coapasidxyliosacis ektere, ahd rmixiredi dfinePbO A8 itREFedfN FHE bIkAated
enbodi ment, the lubricating conp05|t|on is free 20 of added | ead conpounds,

such as |ead re¥giMalicap¥drocaraansopmicaliiainekidgnmongr tari die Jopanenes . substituted

anot her enbodi a e succj ni.m

derived from ow r?ggg&héﬂémq %lll lté%ﬁ?%imgéoc&rb%n ﬁﬁﬁ%da?ﬁ?%s aﬂxggt}om
Addi tives 25 Tasoutra/endban 38, 90 frefnaleom 0 fsabdlg 1WS@ar96n@tém§ Aok is
together with the above conbi nations. Such additives include, for exanpl e,

det e?gents andAWataA18%5a mm&wlamsrght alkylatecherzenes and diryiated23816a
or esaur e agent 20 e RE WEigeRBK RS BenediarariaRe A Mins er?%;%”eagem s.
The detergents are ex&emphtndiic lb‘.{Istrle tﬁ@éé‘@eﬁv@@‘ﬁdrﬁ'na%‘ﬂ%é?ﬁé 'c?u@@sl. §§c bs®
5 overbased salts) of alkall or alkaline earth netals with sulfonic acids,
car boxyl i c found in the Louisiana area. The viscosity of such naphthenic oils at 40°C
generally is less than 4 centistokes and more generally within the range of from
10 about 3.0 to about 3.8 centistokes. At 100°C the viscosity of the desirable

naphthenic crudes is within the range of about 0.8 to about 1.6 centistokes.
The polya-olefins (PAOs) are described above. Examples of useful PAOs
include those derived from one or more of the above olefins, such as the a-olefins.
These PAOs may have a viscosity from about 2 to about 30, or from about 3 to
15 about 20, or from about 3 to about 8 cSt at 100°C. Examples of PAOs include 4
cSt polya-olefins, 6 ¢St polya-olefins, and 8 ¢St polya-olefins. A particularly

useful PAO is derived from decene.

The carboxylic ester fluidizing agents are reaction products of dicarboxylic
esters with alcohols having from about 1 to about 30, or from about 2 to about 18,
20 or from about 3 to about 12 carbon atoms. The aicohols are described below and
include methyl, ethyl, propyl, butyl, hexyl, heptyl, octyl, decyl and dodecyl alcohols.
The dicarboxylic acids generally contain from about 4 to about 18, or from about
4 to about 12, or from about 4 to about 8 carbon atoms. Examples of dicarboxylic
acids include phthalic acid, succinic acid, alkyl (C,.,, )succinic acids, azelaic acid,
25 adipic acid, and malonic acid. Particularly useful esters are dicarboxylic esters of

C,.1, alcohols, such as esters of propyl, butyl, pentyl, hexyl, and octyl alcohols and



aci ds, phenols or organic phosphorus acids, such as those descri bed above.
The oil-soluble neutral or basic salts of alkali or alkaline earth netal
salts mayoAlimgssee reacted with a boron conpound. The overdyassod/3s33d bor at ed
overbased netal salts are described above. Exanples of useful overbased
and borated overbased 10 netal salts include sodium calcium and magnesi um
over based and borated overbased sul fonates and carboxyl ates, including the
above hydrocarbyl substituted carboxylic acylating agents. Auxiliary
extrenme pressure agents and corrosion- and oxidation-inhibiting agents

whi ch may be included in the lubricants of the invention are exenplified by
15 chlorinated aliphatic hydrocarbons such as chl ori nated waxes; sulfurized
al kyl phenol s; phosphosul furi zed hydrocarbons, such as the reaction product
of a phosphorus sulfide with turpentine o83nethyl ol eate; netal

t hi ocar bamates, such as zinc dioctyldithiocarbamate, and barium

di hept yl phenyl dithiocarbamate; and ashless dithiocarbamtes such as

reaction produsieiaiefadid.dirf bhe eaiduaihentehel lubhidatifly 86mpasitibHs abathif&sd than
ester, anhydride, am de, ether, or inide. Many of the above-nentioned

extrenme pressuRROWFLI P sOTHASS i 3w 15 % by Weightaf carbaxylic Betesflyidizing agest.ve

"h the Iubri cating B ebofiEEsrfEel GRS ek sir @i nthe SRy Bfative
depressant s ar gefradnd®hhsmidsictCéotcahiratesPlchasy thodé 881d RPEXRSH, \ubkizele Ethyl
condensation products of hal oparaffin waxes and aromati ¢ conpounds; vinyl

car bdxyl at e poadrdlabil catporadippae sthis embodimers38wsPCONIBOGIAZBBoENEBAtes are

L e o e WO B S ke 1 B i s o,
for their prepara- Thetoainkliehd mBebealiseddfs flbrRaAtd Br th Sonbah®a¥es. The

2,387,501; 2,015,748; 2,655,479; 1,815,022; 2,191, 498; 2,666, 746;

2,721, 877; 2, 7ean@&ngrateamay;ardainihs abhve hombinati®nkandinr athersqropeaneants iged

reference for itnh%iréparr?rlgevfﬁw t‘gl)lrr?lﬁla?eséj rIﬁgficants. The concentrate also contains a

10 substantially inert organic diluent, which includes kerosene, mineral distillates, or
one or more of the oils of lubricating viscosity discussed below. The combinations
are present in a final product, blend, or concentrate in any amount effective to act
as an antiwear, antiweld, and/or extreme pressure agents in lubricating
compositions.

15 In one embodiment, the lubricating compositions is free of sulfuried olefins
and fatty acids or esters. In another embodiment, the lubricating composition is
free of overbased metal salt other than the above described molybdenum
overbased salts. In another embodiment, the lubricating compositions is free of
zinc dithiophosphates. In another embodiment, the lubricating composition is free

20 of added lead compounds, such as lead napthanates, dithiophosphates and
dithiocarbamates. In another embodiment, the lubricating composition is free of

succinimides derived from olefins or polyolefins and ammonia or a mono-amine.

Other Additives

25 The invention also contemplates the use of other additives together with the

above combinations. Such additives include, for example, detergents and



Antifoam agents are used to reduce or prevent the formation of stable
foam Typical antifoam agents include silicones or organic polyners.

Addi ti ongly g3/akdshoam conpositions are described in " FoampgaumsooBsidgent s,
by Henry T. Kerner (Noyes Data Corporation, 1976), pages 125-162. 10 The
foll ow ng exanples relate to lubricating conpositions containing the

conbi nation of a dithiocarbamate conpound and an organi c pol ysul fi de.
Exanple 1 A lubricant is prepared by incorporating 0.8 parts by weight of
the product 15 of Mdl yvan 807, 1.1 parts of the product of Exanple B-3 and
1.2 parts of the product of Exanple C-2 into a 80W90 gear oil base oil.
Exanple 2 A manual transm ssion lubricant is prepared by blending into a
manual 20 transm ssion base stock, 0.5 parts of the Ml yvan 807 with 0.5
parts of the product of Exanple B-3, and & 75 parts of the product of
Exanmple G2 . Exanple 3 A lubricating conposition is described as in
Exanple 2 with the addition of 25 0.75 parts of dinonyl di phenyl am ne, and

0.25 parts of d§persghal edrivkiimel anddkidatbaantkibiti rt§3pauP inU%@?ré&ﬁﬁ@
66 Exanple 4 A I%fri cating conmposition is descriwg)e as iﬁ Exgrgrpl e 3, except

0.7% of the RIANSEXYTEMERIRSSBreRgents, antiwear agpntsceolof stahdizprsaniantofoam
Exanple B-3. 5 z%gpl e 5 Alubricating conposition is described as in
Exanpl e 3, exc%ggi' . 2% by weight of Sakura Lube 500 is used in place of

the Mdlyvan 807.  The detergents are exemplified by oil-soluble neutral and basic salts (i.e.
5 overbased salts) of alkali or alkaline earth metals with sulfonic acids, carboxylic
acids, phenols or organic phosphorus acids, such as those described above. The
oil-soluble neutral or basic salts of alkali or alkaline earth metal salts may also be
reacted with a boron compound. The overbased and borated overbased metal
salts are described above. Examples of useful overbased and borated overbased
10 metal salts include sodium, calcium and magnesium overbased and borated
overbased sulfonates and carboxylates, including the above hydrocarbyl

substituted carboxylic acylating agents.
Auxiliary extreme pressure agents and corrosion- and oxidation-inhibiting
agents which may be included in the lubricants of the invention are exemplified by
15 chlorinated aliphatic hydrocarbons such as chilorinated waxes; sulfurized
alkylphenols; phosphosulfurized hydrocarbons, such as the reaction product of a
phosphorus sulfide with turpentine or methyl oleate; metal thiocarbamates, such
as zinc dioctyldithiocarbamate, and barium diheptylphenyl dithiocarbamate; and
ashless dithiocarbamates such as reaction products of a dithiocarbamic acid and
20 an unsaturated acid, ester, anhydride, amide, ether, or imide. Many of the
above-mentioned extreme pressure agents and corrosion- and oxidation-inhibitors

also serve as antiwear agents.

Pour point depressants are an additive often included in the lubricating oils
described herein. Examples of useful pour point depressants are polymeth-
25 acrylates; polyacrylates; polyacrylamides; condensation products of haloparaffin

waxes and aromatic compounds; vinyl carboxylate polymers; and polymers of



10 Exanple 6 A lubricating conposition is described as in Exanple 3, except
0.5% of dibutyl phosphite is used in place of the product of Exanple B-3.
Whil e thgddiigiki on has been explained in relation to itspgyes$ersssd enbodi -
15 ments, 1t 1s to be understood that various nodifications thereof wll
becone apparent to those skilled in the art upon reading the
specification. Therefore, it is to be understood that the invention

di scl osed herein is intended to cover such nodifications as fall within

t he scope of the appended clains. WO 01/46352 PCTIUSOO' 35339 67 Clains 1.
A lubricating conmposition conprising a nmgjor anmount of an oil of

| ubricating viscosity, (A an antiwear inproving anount of at |east one
nol ybdenum cont ai ni ng conposition, (B) at |east one phosphorus antiwear or
extrene 5 pressure agent, and (C) at |easte®ne di spersant, provided that
the lubricanting conposition is free of polysulfurized olefins. 2. The

| ubricating conposition of claiml, wherein (A is present in an anpbunt to

provi de from ajawyifdParites abinyt eSRes BPfatHPbyRdeA NI nléﬂbéris.capbag oint

conposition. 10 3. The lubricating conposition of claim1I, wherein ( Is a

mol ybdenum  cotrpiessanys skl for the purpalses of thisrinvemtizing teahnigquessotheirpreparae,
wherei b ()i SURARFEH e IASIRERY 5P i roteR gt AL 201 Sk G a7e:
o Al Kl Lne eap P Al B P T 2 LT T Lol Mk
conposi ti on ofherebyincorpbated by (éfereéncepioe preeieceléyant disdboswaes.on of a m xture
comprising at | eaStAr(l)tri}ga?‘r{ akgaelnits grre uas!eié I0iré]c?ucee(’jlorrtprl:eventthe formation of stable foam.
Typical antifoam agents include silicones or organic polymers. Additional antifoam
compositions are described in "Foam Control Agents", by Henry T. Kerner (Noyes
Data Corporation, 1976), pages 125-162.
10
The following examples relate to lubricating compositions containing the
combination of a dithiocarbamate compound and an organic polysulfide.
Example 1
A lubricant is prepared by incorporating 0.8 parts by weight of the product
15 of Molyvan 807, 1.1 parts of the product of Example B-3 and 1.2 parts of the

product of Example C-2 into a 80W-90 gear oil base oil.

Example 2
A manual transmission lubricant is prepared by blending into a manual

20 transmission base stock, 0.5 parts of the Molyvan 807 with 0.5 parts of the product
of Example B-3, and 0.75 parts of the product of Example C-2 .

Example 3
A lubricating composition is described as in Example 2 with the addition of

25 0.75 parts of dinonyldiphenylamine, and 0.25 parts of ethoxylated phenoi

antioxidant.



met al compound, an acidic organic conpound, and at |east one 20

hydr ocarbon insol ubl e organic nol ybdenum conplex. 7. The lubricating
conposi tyghAksss! ai m 6 wherein the organi c nol ybdenum caorpiesooissszan am ne
mol ybdenum conpl ex. 8. The lubricating conposition of claim1l wherein (A)
is at |east one nolybdenumthi ophosphate or at | east one nol ybdenum

t hi ocarbamate. WO 01/46352 PCT/ USOQ' 35339 68 9. The | ubricating
conposition of claiml wherein (A is at |east one nolybdenum oxysulfide
di t hi ophosphate or at |east one nol ybdenum oxysulfide dithiocarbanmate. 10.
The lubricating conmposition of claim1 wherein (B) is selected froma netal
5 thi ophosphate, a phosphoric acid ester or salt thereof, a phosphorus-
cont ai ni ng carboxylic acid, ester, ether, and a phosphite 11. The

| ubricating conposition of claim1 wherei & he phosphoric acid ester or
salt thereof is a phosphoric acid ester prepared by reacting a

di t hi ophosphoric acid with an epoxide to forman internediate, and the 10
internediate is further reacted with a phosphorus acid or anhydride, or a
salt of the phosphoric acid ester. 12. The l|ubricating conposition of claim
11 wherein the dithiophosphoric acid iExamgie¥drocar byl dithi ophosphoric
aci d independently 4 car.ban at

hydr ocar byl group. #'%%omﬂﬁ'f)%%ﬁ‘%‘gsc((,'ﬁﬁﬁ(‘ﬁl'? 5ﬂm8?en€'l%°ﬁpfér}vﬁé’?men
the phosphori far@dudi o¢fEthanlé’B 3% Lséd'#Y S1ate iof tHY sﬂ%mefiomxérﬁaﬁet B the
phosphoric acid ester wwith anmmonia or an am ne. . The Tubricating
conposition of claim 13 wherein the anmine is a tertlary aliphatic primary
am ne. 20 15. The lubricating conpositign of cgain11 wherein the phosphoric
acid ester Example 5

A lubricating composition is described as in Example 3, except 0.2% by

weight of Sakura Lube 500 is used in place of the Molyvan 807.

10 Example 6
A lubricating composition is described as in Example 3, except 0.5% of

dibutyl phosphite is used in place of the product of Example B-3.

While the invention has been explained in relation to its preferred embodi-

15 ments, it is to be understood that various modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is

to be understood that the invention disclosed herein is intended to cover such

modifications as fall within the scope of the appended claims.



or salt thereof is a phosphoric acid ester prepared by reacting a

phosphorus acid or anhydride with at |east one al cohol wherein each

al cohol “';ﬂacm dently contains fromabout 1 to about 30 petr/osev/3380ns, or a

salt of the phosphoric acid ester. 25 16. The lubricating conposition of

claim 1l wherein the phosphoric acid ester or salt thereof is a

triaryl phosphate. WD 01/46352 PCT/ US00/ 35339 69 17. The lubricating

conposition of claim16 wherein the triaryl phosphate is

tricresyl phosphate. 18. The l|ubricating conposition of claim1l wherein (B)

I's di or trihydrocarbyl phosphite, wherein each hydrocarbyl group

I ndependently contains from1 5 to 30 carbon atons. 19. The lubricating

conposition of claiml wherein (C) is selected from(a) acylated nitrogen

di spersants, (b) hydrocarbyl substituted &@7nes, (c) carboxylic ester

di spersants, (d) Mnnich dispersants, and (e) m xtures thereof. 10 20. The

| ubricating conposition of claiml wherein the dispersant (C) is a borated

di spersant. 21. A nmethod of lubricating alimgsm ssion or a differenti al

conprising the steps of introducing to a transmssion or differential a

| ubricating cohposiAiuhicating epaPRstionseimrsisiicsa majonareountiaf aneriof kibrisating

transm ssi on. viscosity, (A) an antiwear improving amount of at least one molybdenum

containing composition, (B) at least one phosphorus antiwear or extreme
5 pressure agent, and (C) at least one dispersant, provided that the
lubricanting composition is free of polysulfurized olefins.

2. The lubricating composition of claim 1, wherein (A) is present in an amount
to provide from about 100 to about 900 ppm molybdenum to the lubricating
composition.

10 3. The lubricating composition of claim 1, wherein (A) is a molybdenum
containing alkali or alkaline earth metal overbased sulfonate, carboxylate,
or phenate.

4, The lubricating composition of claim 1, wherein (A) is molybdenum
containing alkali or alkaline earth metal sulfonate.

15 5. The lubricating composition of claim 4, wherein the alkali or alkaline earth
metal is calcium or magnesium.

6. The lubricating composition of claim 1 wherein (A) is prepared by
carbonation of a mixture comprising at least one alkali or alkaline earth
metal compound, an acidic organic compound, and at least one

20 hydrocarbon insoluble organic molybdenum complex.

7. The lubricating composition of claim 6 wherein the organic molybdenum
complex is an amine molybdenum complex.

8. The lubricating composition of claim 1 wherein (A) is at least one

molybdenum thiophosphate or at least one molybdenum thiocarbamate.
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The lubricating composition of claim 1 wherein (A) is at least one
molybdenum oxysulfide dithiophosphate or at least one molybdenum
oxysulfide dithiocarbamate.

The lubricating composition of claim 1 wherein (B) is selected from a metal
thiophosphate, a phosphoric acid ester or salt thereof, a phosphorus-
containing carboxylic acid, ester, ether, and a phosphite

The lubricating composition of claim 1 wherein the phosphoric acid ester or
salt thereof is a phosphoric acid ester prepared by reacting a
dithiophosphoric acid with an epoxide to form an intermediate, and the
intermediate is further reacted with a phosphorus acid or anhydride, or a
salt of the phosphoric acid ester.

The lubricating composition of claim 11 wherein the dithiophosphoric acid
is a dihydrocarbyl dithiophosphoric acid independently having from 1 to
about 24 carbon atoms in each hydrocarbyl group.

The lubricating composition of claim 12 wherein the phosphoric acid ester
or salt thereof is prepared by reacting the phosphoric acid ester with
ammonia or an amine.

The lubricating composition of claim 13 wherein the amine is a tertiary
aliphatic primary amine.

The lubricating composition of claim 1 wherein the phosphoric acid ester
or salt thereofis a phosphoric acid ester prepared by reacting a phosphorus
acid or anhydride with at least one alcohol wherein each alcohol
independently contains from about 1 to about 30 carbon atoms, or a salit of
the phosphoric acid ester.

The lubricating composition of claim 1 wherein the phosphoric acid ester

or salt thereof is a triarylphosphate.
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The lubricating composition of claim 16 wherein the triarylphosphate is
tricresylphosphate.

The lubricating composition of claim 1 wherein (B) is di or trihydrocarbyl
phosphite, wherein each hydrocarbyl group independently contains from 1
to 30 carbon atoms. ‘

The lubricating composition of claim 1 wherein (C) is selected from (a)
acylated nitrogen dispersants, (b) hydrocarbyl substituted amines, (c)
carboxylic ester dispersants, (d) Mannich dispersants, and (e) mixtures
thereof.

The lubricating composition of claim 1 wherein the dispersant (C) is a
borated dispersant.

A method of lubricating a transmission or a differential comprising the steps
of introducing to a transmission or differential a lubricating composition of

claim 1, and operating the differential or transmission.



