05 SEP 2003 WD 00/55283 PCT/ US00/ 03911 MOLYBDENUM CONTAI NI NG COVMPOUNDS AS
ADDI TI VES FOR LUBRI CANT COVPOSI TI ONS BACKGROUND OF THE | NVENTION 1 5\%@'&
of the | nver%bg,n This invention relates to organo nol ybdenum deri vapi 0
and their us WSS} mul ti functional nodifi er, antiwear, extrRERURIKIIIr e,
antioxidant additives for lubricants. The additives of the present

I nvention are reaction products of nono- or poly-functional organic acids

or _ester s antioarsmhuphahirnl AR ukBEhs AbfTvis B8 usk £2G ElaishiRar bon

di sul fide and then wi th nol ybdenum conpounds to torm | ex
products. is 2. Description of Related Art Regul atory agencies today are
seeking to inprove the fuel econony of notor vehicles through |egislation
(CAFE requirements) that puts_the responsibility for achieving such
econony oh the notor vehi CBQCMQAE{IEFB??, VENTION n, transfer at

| east a portion of this responsibility to lubricant oil manufacturers by
means of endine Pldpf thegmverdtiomat i ons. As these fuel econony requirenents
beconme nore and nore rigorous, it beconmes nore and nore inportant to

i ncorporate fricThiglinveadbh rQites @Al BSlybinl b'aﬁ\}&giagé ?@f@%ﬁ\'ﬁe’[ #nglsf i ZPUS

It is an object of the present invention"to provi
addi tive Ehﬂ’ﬁzlﬁfﬂmir . . in the coefficient, of friction of a
| ubri cant’ composi t |OE)1$1]. ‘ﬁ%‘@ﬁ%(‘;’g{c‘u‘g?"fr GHTES HESYTe 2RPPH RN a9dkyeh oAt es ( ZDDP)
have been used in igr nyé,at ed oils as antiwear and antioxidant additives
for more t h&RTEES eaPe 20diysRf dhe Present inyentiqn arg ireasitiop poediststaf anagiover ri se t o
ash, which contributes to particulate natter in autonotive exhaust
en ssi ons. Pelyjdusstionsl crgenc acids aresteseatd agalbhotiSERNAAO fhat are further

reacted with carbon disulfide and then with molybdenum compounds 1o form the final

complex products.

15 2. Description of Related Art
Régulatory agencies today are seeking to improve the fuel economy of motor

vehicles through legislation (CAFE requirements) that puts the responsibility for
achieving such economy on the motor vehicle manufacturers, who, in turn, transfer at
least a portion of this responsibility to lubricant oil manufacturers by means of engine

w0 oil specifications. As these fuel economy requirements become more and more
rigorous, it becomes more and more important to incorporate friction modifier
additives into lubricant compositions. Thus it is an object of the present invention to
provide a friction modifier additive that imparts a reduction in the coefficient of
friction of a lubricant composition.

2 Int addition, zinc dialkyldithiophosphates (ZDDP) have been used in
formulated oils as antiwear and antioxidant additives for more than 50 years.
However, zinc dialkyldithiophosphates give rise to ash, which contributes to

particulate matter in automotive exhaust emissions. Regulatory agencies are seeking




WO 00/ 55283 PCT/ US00/ 03911 to reduce em ssions of zinc into the

envi ronnent. Moreover, the phosphorus present in the DSSEPINH
di al kyl di t hi ophosphates is al so suspected of limting the service |ife of
catal ytic cOQ@¥3528% that are used on vehicles to reduce pol |pgO8u00kd111 S
I mportant to limt the particulate matter and pollution fornmed during
engi ne use for toxicological and s environnental reasons, but it is also

i mportant t Fntal n.undimni shed the antiwear and anti oxi dant properties
of the |ubr ?82?‘?‘%&836?ﬂ3§‘°?%° 18O/ therravEPReHe AYIpRERS. thepbosphomismyesent t h

t he known zinc- and phosphorus-containing additives, it is a further

obj ect of tHRdhG digbatldigophosphases ialsarsuspretad of tichiring ihexerrptifadtidiygs t hat
contain neither zinc nor phosphorus. 10 In developing |ubricating olls,

there have iseeventmn yhaitare nydsort ﬁelﬁmavlbd@duca%ilﬁtiidéﬁsltti@@x&o' bYimi the
antifrictional or oiliness properties. Ml ybdenum conpounds are knomn to

be useful agattidiSdrke hai | ; Loxi dants and to be capabl.e of
provi di ng a?ita i wear glﬂaéggg{] (? Eﬁg&bﬂggﬁﬁblﬁyﬁ SELFEE AP %‘F?[Pg’§g1i apd

| ubricatign gi si.tions. 15 Thiocarbamate additives for |ubricating
oils, parfi Sﬁ}’{aﬁ??‘;ﬁgﬁﬁ%&gﬁu LESRISE FRnogtaptiogBineimendiminished thermgwear
disclosed in the patent |literature. U S. Patent No. 3,419,589 discloses a
process for 3Pf@nHexigantnrppertiss of vhellytiriterngoil VI) vitwabiat sfiokdthatiankpmat e
conpl exes and sul furized derivatives thereof in substantially high yields

by the dil ushomédmings adihcthe kindivhiz@rizt hﬁd"%lﬁyfs?l@drl&ﬁu)n@iging additives, it is a
di al kyl di t hi ocar bamat es and al kal i nol ybdates and the subsequent treatnent

th f | iR i : . furized. | yat.i f th
oaction profact S Resans ihBbA BTk Aoyl RS Rl B es for

l'ubricants. cgntgin5ne§tl'Er Igin%on%‘?’ phosphorus.

10 In developing lubriéating oils, there have been many attempts to provide
additives that impart antifrictional or oiliness properties. Molybdenum compounds
are known to be useful as friction modifiers and antioxidants and to be capable of
providing antiwear and extreme pressure resistance properties in lubrication oil
compositions.

15 Thiocarbamate additives for lubricating oils, particularly molybdenum-
containing thiocarbamates, have been disclosed in the patent literature.

U.S. Patent No. 3,419,589 discloses a process for the preparation of
molybdenum (V1) dialkyldithiocarbamate complexes and sulfurized derivatives
thereof in substantially high yields by the dilute nitric acid acidification of alkali

20 dialkyldithiocarbamates and alkali molybdates and the subsequent treatment thereof
with hydrogen sulfide to form the sulfurized derivatives of the reaction product.

These compounds are said to be useful as additives for lubricants.




WO 00/ 55283 PCT/ USOQO 03911 U.S. Patent No. 3,509,051 discloses |ubricating
oils and greases that are said to exhibit excellent extrene pressufé&,SEP 7003
anti oxi dant, _and wear properties when they contain sulfurized

oxynol ybdenuWPcW’tsFﬁ dcar banat es of the general formla: PCT/US00/03911

[ RRN- CS- S ) 2Mo2On5,,, where mtn 4, mis in the range of 2.35 to 3 and n
isin b5 the range of 1.65 to 1, and R is a hydrocarbon group having 1 to 24

car bon atoms.  UrSs. mmoNoso@ogﬂalsgpo@lesdmﬁl:aﬁ,%capggr'feggetééﬁ%ggﬁi ons

that are said to have inproved extrene pressure I wear
properties, haracterized b resence therein of oil-soluble
nol ybdenum é%ﬁ%@&h?’[ﬂ%“%ﬁt RNeme pggm{ee)gégom s tpas | PESRSEics ehem Beliced by
contacting nol ybdenum containing 'o anions wth oil-sol uble overbased,
Goup |1 meCoRERSHIHTIRSdex Y nuinglithiopartiamates qfohe gemarabfortruta:ani ons
reacts with the Goup Il netal. Lubricating oils, cutting oils, greases,

and the | i kERAN-ESiS-1,04¢,088,, weheod mi-he = b ﬁaﬂtthecﬁf@@éﬂi ss)tbssqhéﬁheﬁﬁd u.S.
Pat ent No. 4,098, 705 di scl oses a conpound of the formul a: I R~ N

S MO, 0 514the)rahge 571.8546¢ 8 RRs a%ﬁrdﬁ’%b%h??gxﬂ; nggv,e%pyogjﬁgargﬁgg goup.

having from | to 24 carbon’ atons X 1S
said to be usef ub.g.spﬂgnteﬁlo. § BXF,OLP dstIch)?ersl 11(.:1 Hct:asnt compositions that are said to

have improved extreme pressure capabilities and antiwear properties, which are
characterized by the presence therein of oil-soluble molybdenum-containing organic
complexes. These complexes are produced by contacting molybdenum-containing
w  anions with oil-soluble overbased, Group II metal-containing compositions until a
portion of the anions reacts with the Group II metal. Lubricating oils, cutting oils,
greases, and the like are illustrative of the lubricant compositions disclosed.

U.S. Patent No. 4,098,705 discloses a compound of the formula:

wherein R, and R, stand for a hydrocérbyl group having from 1 to 24 carbon atoms
and x is a number of 0.5 - 2.3 that is said to be useful as an additive for lubricants.

20 U.S. Patent No. 4,164,473 discloses hydrocarbon-soluble organc molybdenum
complexes obtained as the reaction product of a hydrocarbyl- substituted hydroxy
alkylated amine, e.g., N,N’,N’-tris(2-hydroxy ethyl)n-tallow-1,3-diaminopropane,
with about one molar equivalent of a molybdenum compound, e.g., ammonium

motlybdate, that are said to be useful hydrocarbon additives particularly in

-3




20 U.S. Patent No. 4,164,473 discl oses hydrocarbon-sol ubl e organo

nol ybdenum conpl exes obtai ned as the reaction product of a hydrocar‘bﬁlﬁEP 2003
substituted hydroxy alkylated amne, e.g., N, N ,N -tris(2-hydroxy

et hyl ) n-tal | 32 80/85288 ami nopropane, with about one nol ar equi aER§0RER

nmol ybdenum conpound, e.g., anmmonium nolybdate, that are said to be useful
hydr ocarbon additives particularly in -3 0 5 SEP 2003 WD 001552. 83

PCT/ US00/ 039 |.hathon wt n gLl -soluble sul fur donor, e.g., a netal
di al kyl dit h‘,!%ngﬁgé%{{;ﬁ@ ¢ "V‘\fﬁsr@‘{ﬂ?%gﬁﬁ’ﬁ d9BeFy €8/ e EtAbdindiey] @ithiophosphieite at i ng
oils. Lubricating conpgsitions conprising these coadditives are disclosed
to exhibit PV é@%ﬁwﬁr%m@%ﬁné@ﬂubamiw. fubrieatingeompdsiionPat ent  No.
4,259, 194 discl oses antioxidant additives for lubricating oil that are

prepared by conpising theaermumiditives serdidciisedrs) y0@st AnfrbftPatRfictiol bhd 09€N
conmpound conplex to forma sulfur- and nol ybdenum'cont ai ni ng conposi tion.
U S. Patent Ngiwedr gag)e;ggg.di scl oses antioxi dant additives for lubricating
oil that are prepared by conbining a polar pronoter, an acidic nolybdenum

conmpound, , is an rd.al asj |4 r n compounds to forma =
mol ybdenurit cont a?[r{rcsﬁ'glsag%q %i%?sggi.éﬁﬁgﬁoﬁg’éf‘%ﬁ“%? addins for7lwbeirasingaibs

antioxidant additives for lubricating oil that are prepared by conbining
an aci di ¢ noP3tRIe RiFRaEekhBY Gembining asmonenuesathioemiybdamiahd adesic adegeand, and
carbon disulfide to forma sul fur- and nol ybdenum containing conposition. :

15 U.S. Pat emempidond 4¢p@pdsxaéFomti 5 Glidse and h@]wdeﬂﬂﬁ@bﬁtmzr@fcoﬂgiom@ﬁﬂum
contai ni ng conpositions by the reaction of an acid of nol ybdenumor a salt

thereof, ~phenol prs.abahnle 4oDR0RBSALAQRS BRHHEN SRRERUA Mnalgind Jf | mary

or secondary

that are prepared by combining a polar promoter, an acidic molybdenum compound,

w and certain basic nitrogen compounds to form a molybdenum-containing composition.

U.S. Patent No. 4,265,773 discloses antioxidant additives for lubricating oil

that are prepared by combining an acidic molybdenum compound, an oil-soluble basic
nitrogen compound, and carbon disulfide to form a sulfur- and molybdemum-
containing composition.

is U.S. Patent No. 4,266,945 discloses the preparation of molybdenum-
containing compositions by the reaction of an acid of molybdenum or a salt thereof,
phenol or aldehyde condensation product therewith, and a primary or secondary
amine. The preferred amines are diamines such as tallow-substituted trimethylene
diamine and their formaldehyde condensation products. An optional but preferred

2 ingredient in the reaction mixture is at least one oil-soluble dispersant. The
molybdenum-containing compositions are said to be useful as additives in fuels and

lubricants, especially so in lubricants when combined with compounds containing

active sulfur.




am ne. The preferred am nes are di am nes such as tall ow substituted
trimethylene diamne and their fornal dehyde condensati on prOdUCtS'qf@EPZ%3
optional but_preferred 20 ingredient in the reaction mxture is at 1®east
one oiI-SM|ﬂﬂﬁﬁwﬁ%ﬁ%rsant. The nol ybdenum cont ai ni ng conpos PCIrarsg/aioel
said to be useful as additives in fuels and |lubricants, especially so in

| ubri cants when conbi ned with conpounds containing active sulfur. 4 05 S

E P 2003 WD 00/5 3 /; Pat er 4,272, 387 dj l
anti oxi dant addi t%g'spé:{g;?; wgﬁéﬁ?ﬁ‘éy‘ég e a?‘ﬁog‘lr‘}}agygdddﬁlﬁg?’él&gﬁﬁmééfﬂiﬁie?lg

an acidic no enum compound,. a basi ¢..nitrogen conpound conpl ex, and a
sul fur sour C@Pgrcf%F%rgggﬂF?‘?}leW G BrebrdeuEn eempoundga badepissigenon. 5
U S. Patent No. 4,283,295 discloses antioxidant additives for |ubricating
oil that ar®PPRPErOMPRK. @odrdiswiftrgsourqsch formpx auibiresnd MOTYOOENUM-containing
tetrathi onol ybdate, and a basic nitrogen conpound conplex to forma

sul fur- and gmhpdsiteomum cont ai ni ng conposition. U S. Patent No. 4,285, 822
di scl oses antioxidant additives for lubricating oil 10 that are prepared by

(1) conbining a polgrpacl Y& 4, 280 égigagsemtmgr&gﬁé; TR O bricinG A

oi | -sol ubl e basic nitrogen conpoun orma

conmpl ex and Qnt act | sai.d. conpl.ex with carbon disulfide to forma
sul fur- and “‘%%frf%a’&ﬂ aﬁ%‘% E’gﬁ?‘g‘%"mnﬁg?n@ﬂWpHEi“PiebrﬂmePIBPmFﬁa%hpmbdm,ezsgc,l 635

di scl oses nol ybdenum cont ai ni ng conpositions 15 that are prepared by
reacting an 30?’/@“? RItEORER Fomprd Fompéex lodrmmo andirapabmelybiiemeacontmigingwi t h
active sulfur with a conposition prepared by reacting: (a) a
phosphor us- compasitiong aci d represented by the formul a:

U.S. Patent No. 4,285,822 discloses antioxidant additives for lubricating oil
1o that are prepared by (1) combining a polar solvent, an acidic molybdenum compound,
and an oil-soluble basic nitrogen compound to form a molybdenum-containing
complex and (2) contacting said complex with carbon disulfide to form a sulfur- and
molybdenum-containing composition.
U.S. Patent No. 4,289,635 discloses molybdenum-containing compositions
15 that are prepared by reacting an olefinically unsatufated compound capable of reacting
with active sulfur with a composition prepared by reacting:

(a) a phosphorus-containing acid represented by the formula;

20
wherein each X and X" is independently oxygen or sulfur, each n is zero or one and
each R is independently the same or a different hydrocarbon-based radical: and
(b) at least one hexavalent molybdenum oxide compound, and

(c) hydrogen sulfide, in the presence of

-5-




REX )n X XH\I1/ P 20 wherein each X and X is independently oxygen or

sul fur, each nis zero or one and each R is independently the sang) OER 2003
di fferent hydrocarbon-based radical; and (b) at |east one hexaval ent

mol ybdenum B¥5R¥pound, and (c) hydrogen sulfide, in the pcesgog@onf 5
0 5S E P 2003 WO 00/55283 PCT/ US00/ 03911 (d) a polar solvent. It is said
that the conpositions are useful as additives for |lubricants and that

internal c ' Iy hbit i mproved fuel econony when |ubricated
W th them O SPoRRRaReR O Sl be RO S ottt bt s e dor | oant
additives that are s prepared by reaction of carbon disulfide with

t hi onol ybdédh ad‘é*r?’\?éi‘?‘\}é COIBélPSylan REIPESsTrdabhinimprowed sl ecapomaswhen
nitrogen functions. It is said that the subject additives function as

di sper sant Supraessedswithgheaxcel | ent antifriction properties and inpart
antiwear and antioxi dant properties to a lubricant. U S. Patent No.

4,369, 119 di scl 03@s Pahi Nsi 4308 528 ‘éistcio\é@sﬁn&lﬁgu%% ?)Lg)?fchﬁk%d%iiﬁvea :x.lgat %’Be?ép:; o

prepared by conbining (a) a sulfur-containin _ enum conpo
2 sul 1 ur *conaRiagby kel Y AR S ARRE VA amol St deotesyesmat ont No.
4,395, 343 di scl.oses anti oxi dant additives for lubricating oil that are
pr epar ed by@aﬁﬁﬂ%@hﬁﬂ(laydea haying basig sirogER funstiens.y Bde saiththairtho sulgect
additives function as dispersants possessiﬁg excellent antifriction properties and
impart antiwear and antioxidant properties to a lubricant.
U.S. Patent No. 4,369,119 discloses antioxidant additives for lubricating oil
to  that are prepared by combining (a) a sulfur-containing molybdenum compound
prepared by reacting an acidic molybdenum compound, a basic nitrogen compound,
and a sulfur compound, with (b) an organic sulfur compound.

U.S. Patent No. 4,395,343 discloses antioxidant additives for lubricating oil
that are prepared by combining (a) a sulfur containing molybdenum compound

15 prepared by reacting an acidic molybdenum compound, a basic nitrogen compound,
and carbon disulfide, with (b) an organic sulfur compound.

U.S. Patent No. 4,402,840 discloses antioxidant additives for lubricating oil
that are prepared by combining (a) a sulfur containing molybdenum cofnpound
prepared by reacting an ammonjum thiomolybdate compound, and a basic nitrogen

20 compound, with (b) an organic sulfur compound.
U.S. Patent No. 4,474,673 discloses antifriction additives for ]ubricating oil

that are prepared by reacting a sulfurized organic compound having an active

hydrogen or potentially active hydrogen with a molybdenum halide.




1s prepared by reacting an acidi c nol ybdenum conpound, a basic nitrogen
conpound, and carbon disulfide, with (b) an organic sulfur conpoun8§Srp.IE3
Pat ent No. Qv()ﬂf&ﬂzgg 0 di scloses antioxidant additives for |ubricati ng oi |
that are prepal’&a“By conbining (a) a sul fur containing mol ybd&iiPs®8AY3und
prepared by reacting an ammoni um t hi onol ybdat e conpound, and a basic
nitrogen 20 conpound, with (b) an organic sul fur conpound. U S. Patent No.

4,474,673 di scl oues: Fattnk N, al470r835 Ul dskes 16lcalib b1 SRIBL0H lnay 13k 27 ©
prepared by reacting a sul furized organi c conpoun avi ng an active

hydr ogen or Iy 5 I [ with a nol ybdenum halide. 6 0 5 SEP
2003 WD 00/ ‘g&*%%%%t{@"@égéﬂ%goéﬁq?%ﬁg%grﬁéy%pﬁ PRGBETUES AHE COBBTINSAD KB ST A

| ubricating_qil corTBosi.ti on that is said to have particularly inproved
friction r e@ﬁ%"raﬁlboxﬁ bAeAYINL2 ghse!l Fostpreraland aseiastask motl dithipuakbammdoxy | i ¢
acid with a glycol or glycerol and a selected netal dithiocarbamate and

t hat cont ai 408l taatrcopwins\eetejatively lbw\evel of phéspaptuerus. ' s U. S. Patent No.
4,501, 678 di scloses a lubricant containing nol ybdenum

di al kyl di4 hi ocarbsyPaear Noas, 508,678idkclRe DS 1ibsRAA cd(nf%{inibg'@{o@)yﬂd@ﬁxrﬁhe. fatigue
life of gears. U S. Patent No. 4,765,918 discloses a ricating oil

additive pr Male] J ide with .a basjic nitrogen
conpound toﬁgggﬁqggggg%ﬁg%%h%?g§ﬁ%{{,ogdl%l%rg@gg?ri HPToRaEs %éea%f' lrir{‘Er"gduct with
an aci di ¢ nol ybdenum conpound to forman internediate reaction product,
and reacti n%ea he internediate reaction product with a sulfur conpound.

U. S. Patent No. 4,889,647 discloses nol ybdenum conpl exes prepared by
reacting (a) a f@&st yaent No( $)768i948 sisstoisemd hibricammiz 6i¢ pdditimoprepated by sour ce.
The ’

reacting a triglyceride with a basic nitrogen compound to form a reaction product,
10 reacting the reaction product with an acidic molybdenum compound to form an
intermediate reaction product, and reacting the intermediate reaction product with a
sulfur compound.
U.S. Patent No. 4,889,647 discioses molybdenum complexes prepared by
reacting (a) a fatty oil, (b) diethanolamine, and {(c) a molybdenum source. The
15 complexes are said to impart antifriction and antiwear properties to lubricating
compositions and to decrease fuel consumption in internal combustion engines.
U.S. Patent No. 4,995,996 discloses a lubricating composition comprising a
major amount of an oil of lubricating viscosity and a minor amount of an additive
having the formula Mo,L, wherein L is a ligand selected from xanthates and mixtures
2 thereof and, in particular, xanthates having a sufficient number of carbon atoms to
render the additive soluble in the oil. In general, the xanthate ligand, L, will have

from about 2 to 30 carbon atoms.




is conplexes are said to inpart antifriction and antiwear properties to

| ubricating conpositions and to decrease fuel consunption in int iﬁwggp
conbustion engines. U S. Patent No. 4,995,996 discloses a lubric 2003
conposi ti on Wéh§¥s5283ng a nmmj or anount of an oil of |ubricati necMSsRaidY
and a m nor anount of an additive having the fornmula M2L4 wherein L is a
| i gand sel ected from xanthates and m xtures 20 thereof and, in particular,
xant hat es having a sufficient LM% of carbon atons to render the additive
soluble in the oil. In generaV XAPF A3 INVERVHION., will have from
about 2 to 30 carbon atons. 7 0 5 SEP 2003 WO 00/ 55283 PCT/ US00/ 03911
SUMVARY OF THE | NVEENPFESINL Tirkenfiore prarvidek mebricacing pllev e snalybdéRtimGaliRg O |
organo nol ybdenum additive that inparts friction nodification and
antiwear, exbatémpans 3Qivremodifitaidt indanddBir, REORE fés eta?ldaan{ib'glr% ating
oil. To formthe additive, a nono- or polyfunction grgani c gl or

ester and amrghdrizdtadyl L1uBkipn are rLeacted to. forman organic |igand,
which is fu?tﬁﬁer react gg 1\%5%%‘9%5 ggr{g%ll gﬁﬁfjfiﬁlé’ﬁaﬁglqnﬂ-ew lylynetiangl ybdenum
conpound. r art.i.cul arl the present invention is directed to a

| ubri cat | ﬁg/géf"‘l“ﬁ)"aﬁcd? of \73“" %‘BW ?'gﬁﬁac fRainesreaniedioddun an of gab®: ligandn
unsaturated or saturated ester or acid, b. a diamne of the formula: /R-\
~Rl o~ /Ra MINeIN fppther reacted with carbon disulfide and then with a molybdenum

compound.

More particularly, the present invention is directed to a lubricating oil additive

comprising the reaction product of

10 a. an unsaturated or saturated ester or acid,
b. a diamine of the formula:
R R R
/ 4 0 B
H,N \m{ \w/
c. carbon disulfide, and
15 d. a molybdenum compound,

wherein Ry is an alkyl group of 1 to 40 carbon atoms, R, and R, are independently
selected aliphatic or aromatic moieties, W is oxygen, sulfur, or
-CH,-.

In another aspect, the present invention is directed to a lubricating

20 composition comprising a lubricating oil and an additive comprising the reaction

product of -
a. - an unsaturated or saturated ester or acid,
b. a diamine of the formula:




c. carbon disulfide, and 15 d. a nol ybdenum conpound, wherein R iﬁ Ekrﬁ
al kyl group of I to 40 carbon atons, RO and R, ,, are independently 3 SEP 2003
sel ected alj h@?ﬁ or aromatic noieties, Wis oxygen, sulfur_ _or |n another
aspect, thewfg’r 8F i nvention is directed to a |ubricating 2BCPUSHEERLL on
conprising a lubricating oil and an additive conprising the reaction
product of a. an unsaturated or saturated ester or acid, a diamne, of the
formula: b. 8 05 S E P 2003 WD 00/55283 PCT/ US00/ 03911 H2NRO\ NH. 1- 11 R10-,
WC. d. carbon disulfide, and a-felybdeffum comfound, s wherein R is an

al kyl group of 1 to 40 carbdi¥atons,MR9 and?*R10 are independently selected
aliphatic or aromatic noieties, Wis oxygen, sulfur, or -CH -. DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS , 0 The additive of the present invention is a
reaction productof nb#Bon gisullige,apdunct i onal organic acids or esters and an
aliphatic diamne, which is further reacted with carbon disulfide and then
with a nol ybdenuin conpophybdenunh compdund,

s wherein Ry is an alkyl group of 1 to 40 carbon atoms, R, and R, are independently
selected aliphatic or aromatic moieties, W is oxygen, sulfur, or

‘CHz‘.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
10 The additive of the present invention is a reaction product of mono- or
polyfunctional organic acids or esters and an aliphatic diamine, which is further
reacted with carbon disulfide and then with a molybdenum compound to form the
final complex product.
The mono- or polyfuncticnal organic acids or esters used to form the reaction

15 product are of the formula:

20 wherein R, is a hydrocarbon moiety of 1 to 44, preferably 1 tol2, carbon atoms,
either straight chain or branched chain or cyclic, saturated or unsaturated, R, is
hydrogen, a hydrocarbon radical, or a functionalized hydrocarbon radical, preferably

having from 1 to 18 carbon atoms, Z is an integer of from 1 to 5, preferably 1 to 4,




final conplex product. The nono- or polyfunctional organic acids or esters
used to formthe reaction 1is product are of the formula: x RL Il C 1-1~
R2 Y ---12 20 wherein R is a hydrocarbon noiety of 1 to 44, preiBSapizgil
to 12, car boWOMEARB3 either straight chain or branched chai n prrs66kidi
saturated or unsaturated, R2 is hydrogen, a hydrocarbon radical, or a
functionalized hydrocarbon radical, preferably having from1 to 18 carbon

atoms, Zis ' of .fro tg 5, preferably 1 to 4, 9 WO 00/55283 0 5
S E P 2003 a%’f%@@%’%ﬁdﬁ!‘l‘*&%‘@“&y sslece Bpw the, SEBPrRPEBisting ebswhireddf r om t he
group consi Etéi’ng of sulfur and oxygen. In the above structural formula, R

is a fully ted or a partially wunsaturated alkyl noiety of 1 to 44
carbon atons and can have either a straight chain s or a branched chain.

Thus, R can, foin teabovesmivaraiefobybla, R By fullprsa¥ited Byaéhn-amgntyl , hexyl,
2-ethyl hexyl, heptyl, octyl, nonyl, decyl, undecyl, dod cyf, tridecyl,

t et radecyl, Alirade ] . ,octadecyl.., ol eyl, nonadecyl,
Y il shhtg s 1 o4 CESAETN ang 39 B s 2 fen BRI

ei cosyl, heneicosyl, "docosyl, racosgr _ )

e oid P BB e, K LAY o b L, S
pentyl, hexyl, 2-ethyl hexyl, heptyl, octyl, nonyi, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, hexadecyl, hepta&ecyl, octadecyl, oleyl, nonadecyl, eicosyl,
heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, triacontyl, pentatriacontyl,
tetracontyl, and the like, and isomers and mixrures thereof. Additionally, contained

1w within the chains of R, may be ester groups or heteroatoms, such as oxygen and
sulfur, which may take the form of ethers, poly ethers, and/or sulfides.

Accordingly, representative acids that can be used in the practice of the
present invention include monobasic acids, such as acetic, propionic, butyric,
hexanoic, oleic, myristic, and the like and dibasic acids, such as malonic, succinic,

15 glutaric, adipic, pimelic, suberic, azelaic, sebacic, and the like.

Those skilled in the art will understand that either acids or esters can be used
in the practice of the present invention. Where esters are employed, they will be
derived from such acids as are described above, or the anhydrides thereof, by
reaction with an appropriate alcohol, which term as employed herein is intended to

20 include thiols.

The-mono- or polyfunctional organic alcohols used to prepare the esters from

the acids have the formula:
o]
n
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in within the chains of R may be ester groups or heteroatons, such as
oxygen and sulfur, which may take the formof ethers, poly ethersf sa$gF 103
sul fides. Accordingly, representative acids that can be used in the
practice of WHEYS¥ent invention include nonobasic acids, suRGIHSOVHIW; ¢,
propionic, butyric, hexanoic, oleic, nyristic, and the |like and dibasic
aci ds, such as malonic, succinic, 15 glutaric, adipic, pinelic, suberic,

azel ai c, seb@eictn RaRA fullg sitideeed oThﬁﬁtE&llZiﬂnkdt@ﬂhédrhyﬁﬂ?ca%én lw'?ieb Sy & and
(0]

that either acids or esters can be use in the practice t’he present

I nventi on. e I t ] | rived fromsuch acids
as are desortbes REkChRAGIAY 118 12 kathon s Mcre e | KEE coRR ARG, an
appropri ate .al cohol Lch ter s, enpl oyed herein is intended to 2a

i ncl ude t hi BF¥r Sﬁ‘ﬁ’éhh%&wo‘%m?fgie@ﬁhﬁ%f’r 1> By amintessr obRIns 14840 t o
prepare the esters from the acids have the fornmula: 10 05 SEP 2003 WO

00/ 55283 PCmefssablydBumn 1 totetnsi X iRulfug oz okygeny Ratans &tretkaniple de treahyly

unsat urated hydrocarbon noiety of 1 to 44 carbon atons, preferably 1 to 12

carbon atonethylprepyps i@l phityl, hetyo, ﬂeg@rb@m,aﬁe?rgﬁ,, octﬂi,tnbﬁil, gbdydi ght chain
0

or branched chain or cyclic, n is an integer froml to 10, ~ preferably

from1l to 4ypfR l,ﬁoﬁ&yﬁLi}ifiéépl,Qf]tra@é%’)g?ggntﬁ?flfiﬂexaﬁ?gylﬁ§%4egyloggtgﬂ,‘?g%&p yl, s

et hyl, propyl, butyl, “penty exy e exy nonyl ,
decyl, und .. dodecyl., tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl,gﬁﬁtdﬁg% Fﬁ’eﬁP%@ﬂF" %WQ&éﬁ§P$’e?%B@Qi?“W%ﬁ&ﬁd&E?ﬁFy ocosyl ,
tricosyl, tetracosyl, pentacosyl, triacontyl, pentatriacontyl,

t et r acont y| wiagapty} ipsniafriagontyln ietiasentels gndihe liex and isemershandemfxturasidi t i onal | vy,
ester groups or heteroatons, such as oxygen, sulfur, and io nitrogen, which
may take theefend mAsKlitemhiby, esiepgtoppt behaeroswhis) 8&h, asaxygen, Naur,aag be
1o nitrogen, which may take the form of ethers, polyethers, sulfides, or amines, can be
contained within the R, chain. Moreover, the alcoho! as described by the structure
can be a diol, such as ethylene glycol or an alkanediol, such as propanediol. Further,
triols, such as glycerol, and tetraols, such as pentraerythritol, can be used to prepare
the esters employed in the practice of the present invention.
15 Esters useful in the practice of this invention include but are not limited to
ethylene glycol dioleate, propylene glycol dioleate, butanediol dioleate, glycerol
monooleate, glycerol linoleate, glycerol linolenate, glycerol trioleate, pentaerythritol
tetraoleate, pentaerythritol trioleate monomyristate, trimethylol propane trioleate,
trimethylol propane dioleate monomyristate, trimethylol propane dilinoleate
20 monooleate, and the like, and dibasic esters, such as dioley! adipate, dioley] sebacate,
dioleyl maleate, dioleyl succinate, dilinoleyl adipate, and the like. Mixtures of such
esters, and others similar thereto, are also usefu).
One preferred raw material source that is both inexpensive and plentiful is

vegetable oil. Another preferred raw material is synthetic vegetable oil. Vegetable
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R
contained within the R3 chain. Mreover, the alcohol as described by the
structure can be a diol, such as ethylene glycol or an al kanedi ol Ugggpﬂﬂﬁ
propanediol. Further, triols, such as glycerol, and tetraols, such
pentraeryt hr WOOM/5588@n be used to prepare the esters enpl oyed sdrabdedroson
practice of the present invention. is Esters useful in the practice of this
i nvention include but are not limted to ethylene glycol dioleate,
propyl ene gl ycal. .dj . but anedi gl diol eate, glycerol nonool eate,
gl ycerol |Ii r%ll lggtlg%x%fq)a/ogg?%llycwd%ﬁIagaél’@?’etﬁl NFEAbJF ollmay beyg anixture of mono-
pentaerythritol tetraoleate, pentaerythritol trioleate nononyristate,
trinmethyl ol »op8f &iglyrenidesof the formmlsz hyl ol propane di ol eate nononyri st at e,
trimethyl ol propane dilinoleate 20 nonool eate, and the like, and dibasic
esters, such as dioleyl adipate, dioleyl sepacate, dioleyl naleate,

di ol eyl succinate, dilinoleyl adigpate, fg\d’t’he i ke. M xtures of such
esters, and others sinilar theretfd, are jal so ugéful. One preferred raw
material source that is both i negpensi ve and pllentiful is vegetable oil.
Anot her preferred raw material i§~synthdthic vefetable oil. Vegetable -11 0
5 S E P 2003 WD 00/ 55283 PCT/ US00/ 03941 o0i ICH,s a mixture of triglycerides
and synthetic vegetable oil nmay be a m xture of nono- , di-, and
triglycerides of the formula: 5 RS RAOR6 i 1 OCHO CH2 CH

where R,, Ry, Rq comprises hydrogen or a hydrocarbon radical having the formula:

~. N

o=—n

and where R, is a C, to C,, hydrocarbon moiety, with the proviso that no more than
two of R,, R, R, can be hydrogen.
These mixtures can be naturally occurring, e.g., canola oil (rapeseed oil), corn
oil, coconut oil, sunflower oil, soybean oil, lard, palm oil, etc., or can be synthesized
is by reaction of glycerol with fatry acids, e.g., oleic acid, linoleic acid, linolenic acid.,
etc. The preferred vegetable oil for use in the practice of the present invention is
canola oil. Although we describe synthetic vegetable oil as a mixture of mono-, di-,
and triglycerides, pure mono-, di-, and triglycerides would be effective as well.
In the practice of the present invention, amines are reacted with the above-
2 described acids or esters, preferably vegetable oils, to form an intermediate. Such

amines are exemplified by the formula:

R R. R
/ 9 0 B
H,N \NH \w/
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where R4, R5, R6 conprises hydrogen or a hydrocarbon radi cal having the
formula: 11 0 ]0 and where R7 is a C6 to C24 hydrocarbon moiety, w5SEMe;
proviso that no nore than two of R4, R5, R6 can be hydrogen. These

m xtures canvPPOBAI83ral |y occurring, e.g., canola oil (rapeseRdTas003%900r N
oil, coconut oil, sunflower oil, soybean oil, lard, palmoil, etc., or can
be synt hesi zed is by reaction of gl ycerol vm'th fatty aci ds, e. g oleic

acid, linol %lferéiﬁ'lfe.!’lsfahr%ﬂé@ L& a&*ldto A& bo-én‘?o@ e%ergqg %}Fﬁn& 2 ‘ﬁBﬁ)@h o

use in the practlc ent nven |

descri be synt]het i as a mxture of nono-, di- and
triglyceri d8§'¢¢ tﬁﬁt"“é‘p r ara{nanc qeeties. |‘8I‘§/€§f&eﬂe§ul%wfd% effective as
well. In the practice of t he present invention, amnes are reacted with the

above- 20 descri Badhagbays S@l?ucwsalefﬁsnuiprlﬁfleaablkyl meipet abl © 40, Ipsefetablyf ®r m an
internedi ate. Such amnes are exenplified by-the formula: Ry ~R20 /Re

H2N NH W - 120 @3, &FBoR @dEhs A Qa/Habe Githe PETrAisQAB9dr 1 bagetel Rhit& é?ulﬂ'n al kyl
group of 1 to 40 car bon atons, R and R10 are |ndependently sel ect &d

St rbctur af CPREAERLE paRlG unStr kil HSS Lt ¥, iy SR prdly ' 755"

structural formul a, 'S an ety 0
Ful Ty o saphih gy %%‘@ﬁt ot *rv? hawga t{y?ya?%&ylﬁ?»%:l:ﬁc%% R A
met hyl , ethyl, propyl, butyl, pentyl, hex 2-ethyl hexyl, heptyl, octyl,
nonyl , decylm Wgégypdecabd@aaﬂecyl hcxadecyl ﬁeptadecyl, octadecyl, o]eyl, nonadecyl,
eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, pentacosyl, triacontyl,
pentatriacontyl, tetracontyl, and the like, and isomers and mixwres thereof.
1w Additionally, R, can contain within its chain ester groups or heteroatoms, such as
oxygen and sulfur, which can take the form of ethers, polyethers, and/or sulfides.
Ry and R, in the above formula, independently, can be aliphatic or aromatic
moieties. They are preferably aliphatic, more preferably alkylene, and most
preferably alkylene of 2 or 3 carbon atoms. i.e., ethylene, propylene, or
15 isopropylene. Of the latter, it is preferred that R, and R,, be independently selected
from the group consisting of ethylene (-CH,CH,-) and propylene (-CH,CH,CH,-). It
is especially preferred that R, and R,, be the same and that they both be propylene.
The following is a list of representative ether polyamines commercially
available from Tomah Inc. that can be used to react with vegetable oil or other
20 saturated or unsaturated esters or acids, and then treated with carbon disuifide and
molybdenum compounds to form the products of the present invention:
DA-1214 (Octyl/decyioxypropyl-1,3-diaminopropane),
DA-14 (Isodecyloxypropyl-1,3-diaminopropane),

DA-16 (Isododecyloxypropyl-l ,3-diaminopropane),
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tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, oleyl,
nonadecyl, eicosyl, heneicosyl, docosyl, tricosyl, tetracosyl, ﬁg{igﬁpm
triacontyl, entatriacontyl, tetracontyl, and the like, and iso n

m xtures t heM&PUSB Additionally, R8 can contain within its ohedOs@sibke
groups or heteroatons, such as oxygen and sul fur, which can take the form
of ethers, polyethers, and/or sulfides. R9 and R10 in the above fornul a,

i ndependent I1ya_ ' i r_aro ic nmoieties. They are preferably
al i phati c, m)fkelq%? & esgdmlﬂ;agqtdﬁ‘&]ée)qgfol’éfEEBFT‘ﬁ%W“OBF@P@)abI y al kyl ene of 2 or
3 carbon at 44 18....ethyl ene, propylene, or is isopropylene. O the
latter, it ﬁéﬁbﬁe@%’}fﬂ%‘if}’rﬂﬁé@rqﬁyg-ﬁa optopariehdegendent |y sel ected from
the group consisting of ethylene (-CH2CH -) and propyl ene (-CH2CH2CH, -). It
I s especi al I%ﬂﬁéﬁéﬁﬂ@)’hﬂprmi-b,adlida;iﬁomapm&g sanme and that they both be
propyl ene. The following is a list of representative ether polyam nes

commercial |y avameafbuewfﬂgqmamﬁﬁhuimpahggxﬁm%% “‘?f%é‘g}?ligg\t'agl,aﬁlgg‘%g with

vegetabl e oil or other 20 saturated or urat ed and

then tr eatse%tﬁbbgpclggﬁigissmuﬁlglecaanfisﬂ)ﬁ]lsé/dbdenum conpounds to formthe

products of the present |nvention: DA to react with vegetable oil or other
(Cctyl /decyl [ 1-1, 3-diam nopropane), DA-14

(1 sodecyl oxf/%{r%ag%ffglbll‘f@?ﬁlir%{ﬁ’# ABEHF OpaFds. and nitecated with carbon disulfide and

(1 sododecyl oxypr opyl - 1, 3-di am nopr opane), -13 05 SEP 2003 WO 00/ 55283

PCT/ US00/ 0391y tganurms remposmdscip| fotme the gateductscofithe priém Indngibam nopr opane)
DA- 17 (lsotridecyl oxypropyl -1, 3-di am nopropane), and DA-18

(Tet r adecyl Dugprep(d) (Mcaeodi,atﬂimﬁmﬁ?lgm% The following is a partial |ist
of polyam nes commercially avail able from

Duomeen T (N-tallow-1 ,3-diaminopropanes), and

w  Duomeen OL (N-oley!-1,3-diaminopropane).
In the practice of the present invention, it is preferred that the diamine be used
in a concentration of from about 10 weight percent to about 70 weight percent.

The suitable sulfur compound to react with the intermediate diamine and ester

or acid reaction product is carbon disulfide.

ts Suitable molybdenum compounds useful in the practice of the present
invention include molybdic acid, ammenium molybdate, and molybdenum salts such
as MoOCl,, MoO,Br,, MoO,Cl,, and MoQ;. The preferred molybdenum compound
is molybdenum trioxide. I is preferred in the practice of the present inventioﬁ that
the molybdenum compound be used in a concentration of about 0.01 to about 15

w  weight percent.

The process for making the molybdenum-based friction modifiers of the

present invention can, if desired, be carried out in a single reaction vessel and
requires no solvent, isolation of intermediate products, or removal of reaction solvent

Or reaction by-products (Examples 13 through 19). It results in a clear liquid product
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S Akzo Nobel Chem cals Inc. that can also be used to react with vegetable
~o0il or other saturated or unsaturated esters or acids, and then tregéﬁﬁg
with carbon disulfide and ol ybdenum conpounds to form t he prodlﬂ:5§ he
present i nve #0s28Duoneen C (N-coco- 1, 3-di am nopropanes), Duormeso/edsii
(N-tallow I, 3-diam nopropanes), and to Duoneen OL

(N-ol eyl -1, 3 di am nopropane). In the practice of the present invention, it

s pref err et hafer} nes,%;g)@ommgr BiCHSE Rl By R R e gl | S3EaR0u, 10

wei ght percent to about und to
react with the i ter |amyﬁ and ester or acid reaction product is

carbon di sUfSFYR 90§38 IhBHUEER AR Brirsigiuericsebase oils. Mestpihect i ce
of the present i nvent | on [ ncI ude nol ybdi ¢ aci d, anmoni um nol ybdate, and
mol ybdenum eummercial @relybdemyp GdrtionvinG2iBeR, nﬁﬁbﬂixﬁﬂlﬁsnraahcgr&hﬁhluéfhadpr eferred
nmol ybdenum conpound is nolybdenumtrioxide. It is preferred in the

practice ofpurpr qi@ses finlshaefully dormnakd cidnR cAR! MBEde Bl conpound be used in
a concentration of about 0.01 to about 15 20 wei ght percent. The process

for maki t he H.Eéﬁ r f t he sent .

I nventi ozigcan in?h%gm re caﬂcr))f Flgatéélgg ﬂ@gh&bgllﬁg? %roggﬁgﬁar&gsgwéﬁh and
requires no,sq o] I nter I at roducts, or renoval of
reaction sotlhvékﬁ"pm%}/egeéa iet?’lj ?Wcﬂrg&ﬁﬁ? %Vf%@gﬂl\%’%%usfé arbased PNy 1o | t
results in a cl|ear uid product -14 0 5 E P 2003 WO 00155283

PCT/ US00/ 0392 faigy @‘Hd%%ﬁ’é‘? sAnaisy raa%pesa@;;mcd Thisectegewblei gilstcandiel éw t o or ange
at the typical 1.0 weight percent dosage IeveI s used in petroleum and

synt heti c | eamipi@rianblagmpeickd), coins soyal, bednut, cRATBWED, 2btrmkaddgivem friction

nodi fiers inpart undesirable green, blue, and

safflower, or coconut oils. Mixmures of these or similar oils can also be used. Next a

e diamine is charged. In the diamine, one amine group must be 2 primary amine and
the other amine group must be a secondary amine. The amine groups are separated
by a branched or linear C, to C,, aliphatic or aromatic moiety. The mole ratio of the
diamine to the vegetable oil, is typically in the range of 0.5 to 2.0. This reaction
medium is heated to a temperature in the range of 110° to 150°C for three to ten

15 hours depending on the reactivity of the diamine to form a reaction intermediate,
which, where vegetable oil is used, is a mixtwure of fatty acid amide and the mono
and/or diacid glycerides. The reaction medium is then cooled to room temperature,
whereupon carbon disulfide is added slowly under a nitrogen blanket. The reaction
medium will exotherm. Molybdenum trioxide is then added to the reaction medium.

20 The reaction temperature is raised to 80° to 105°C for 30 to 60 minutes, then to
135°C for. one to six hours under a nitrogen blanket. The reaction product is cooled
to 60° to 90°C and filtered (if needed) through a bed of Celite filter aid.

Alternatively, the product can be diluted with a hydrocarbon solvent and filtered,

after which the solvent is removed under vacuum. The final product is a dark,
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purple colors to finished fully formul ated crank case notor oils. s The
process is initiated by charging the reactor, under a nitrogen bln%ngﬁiz 0}
with the starting vegetable oil. Typical glyceride vegetable oils use(P are
based on CIlWQ®/552332 fatty acids, both saturated and unsat ur aperiusobhsse
vegetable oils can be, for exanple, canola (rapeseed), corn, soya, peanut,
sunfl ower, cottonseed, olive, safflower, or coconut oils. Mxtures of

t hese or si g4 ' o bhe used. xt a wdianine is charged. In the
di ani ne, onfegdg%r?g&‘é}'ﬁél ﬂ{arrt?}éfmf%n a;'ﬁ%ﬁ?ﬁo‘&ﬁ‘? ﬁ@“ﬁﬁ&‘m”f IPe? BEFIFURRIKe group
must be a se: ong%ry am ne. The am ne grou‘ps are separated by a branched or
linear C, t©%e1bUdPilphNGet PFrespioiriage laystsetBhe mplxbdepie ingerporatsd in ithe
diamne to the vegetable oil, is typically in the range of 0.5 to 2.0. This
reacti on npuiduehdag rhege fFomtlbtosd weighepatcente i n t he range of 1 10 to 150C
for three to ten 3s hours depending on the reactivity of the diamne to

forma reaction Thé gadidésidfahe prhbminvathin @) 88 8Lah @ oftibinati IS a
m xture of fatty acid am de ang t he %no aﬁd/or di aciogfbg}al;/lgrelﬁﬁgog}é%he

reaction ' ' : . e [,at ur wher.eupon r bon
disulfide ghdg@% S?JY@P%’ 5’98%3‘2?‘}"3":%‘?‘? o‘té'e%p \ir B i omee i pedifier o um

w || exot he%mri . Mol y&jpg&iméir.i ox]jgde IS, then added to the reaction nedium 20
The reacti off Y&YfSer additives foupd i, lubpicating gibyare gispergants, dterBeut es, t hen
to 135 C for, one to six hours under a nitrogen bl anket. The reaction |
product is eusvsea/rushinddbitoss, Fmdoxidants| ¢ .garsedor{dafy ameime ashioxidams)dindardded of
Celite filter aid. Alternatively, the product can be diluted with a

hydr ocar bonpisnblie attiaidants, |shifiecontainfrigeiindéied Phdndfc &@lokedintd Sulhgigyed under
vacuum The final product is a dark, - 15 O SEP 2003 WD 00/ 55283

PCTI USCDY 03(9]]311]]5,rlﬁqgjaggegrﬁwgﬁeggé%%te{%g ilhg’e\%rg%%%@"%dgg h¥&l 1 ow to orange

color to a petrol eum base oi ent dosage | evel s.
The ol y?udeﬁﬂ%élﬂzﬁ]%,%{cﬁ&? gnold&ietrsh,eseal swell agents, demulsifiers, VI improvers, and

pour point depressants. See, for example, U.S. Patent No. 5,498,809 for a
descripnion of useful lubricating oil composition additives. Exémples of dispersants
include polyisobutylene succinimides, polyisobutylene succinate esters, Mannich Base
ashiess dispersants, and the like. Examples of detergents include metallic phenates,

15 metallic sulfonates, metallic salicylates, and the like. Examples of antioxidant
additives that can be used in combination with the additives of the present invention
include alkylated diphenylamines, N-alkylated phenylenediamines, hindered
phenolics, alkylated hydroquinones, hydroxylated thiodiphenyl ethers,
alkylidenebisphenols, oil soluble copper compounds, and the like. Examples of

20 antiwear additives that can be used in combination with the additives of the present
invention include organo borates, organo phosphites, organic sulfur-containing
compounds, zinc dialkyl dithiophosphates, zinc diaryl dithiophosphates,
phosphosulfurized hydrocarbon, and the like. Examples of friction modifiers that can

be used in combination with the friction modifiers of the present invention include
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product can range from2 to 8 weight percent. The additives of the present

i nvention can be used in conbination with other s additives typb§%d¢Qm3
found in lubricating oil, as well as with other friction nodifie

addi tives. YOP¥3Zdditives found in lubricating oils are diRpEPeapYl
detergents, «corrosion/rust inhibitors, antioxidants, e.g., secondary am ne
anti oxi dants, hindered phenolic antioxidants, sulfur-containing hindered

phenol i ¢ antdi@xdcetPédiérs a8l aidedsZ 66zand hdfiydaenurh RbmpbARe] SeiypAdhiyear agents,
e.g., zinc dialkyldithiophosphates, to antifoamants, friction nodifiers,

seal swell : I LOProvers. . an Qur, .nt depressants.
See, for exgﬁpﬁ{}té@loﬁg%%sém%bﬁg?%?3@5@83&9@908 ﬁlat&asgsagﬁi iﬂgetoﬁﬁi?n ‘g’f‘ usef ul

| ubricating oil conpositjon additjves. Exanples of dispersants include

pol yi sobut yF¥TepPE Gfggp ARHioament 18 prlysiexne yandribe bke c Angxampletafagustivanni ch
Base ashless dispersants, and the |ike. Exanples of detergents include

met al | i ¢ phérébites is pelyowyalkylens polydloy dndtths likmeEsdmples stV aypraves inchnid t he

| i ke. Exanples of antioxidant additives that can be used in conbi nation

with the addiefin\epolyiner$endodiesersint o¥@RbpEIPmersNghdGR 1k KVAREBshple of a
di phenyl am nes, N-al kyl ated phenyl enedi am nes, hindered phenoli cs,

al kyl ated h j 1 Qo I -hers,

al kyl i denebF%ﬂgﬁ%ﬁrﬁgﬁ?%ﬁmég?ﬂgﬁégﬁggégécc ?rtggsa%éheeg%d the |ike. Exanples
of 20 antiwear agdditives that can be used ip.conbi natjon with the additives
of the present &Hm?r?ﬂ @Hs’i%"ﬁé“aé?lﬂéﬁ'ﬁ% &S, YBicgiin arepHendsd antgghe
organi ¢ sul fur-containing conpounds, zinc dialkyl dithiophosphates, zinc
di aryl dit hbasstrakigrrmeunts thahers shisstye wimrovde teitmormaloatendam dunchienl i ke.
Exanpl es of friction nodifiers that can be used in conbination with the
friction noRepiesematofe dffeetipe anenits bAwehtadoimivi sk Ulerakd MELIRWH5283 0 5 SE
P 2003 PCT/ US00/ 03911

10 Broad Preferred
Compositions Weight Percent Weight percent
V.1. Improver 1-12 14
Corrosion Inhibitor 0.01-3 0.01-1.5

s Oxidation inhibitor 0.01-5 0.01-1.5
Dispersant 0.1-10 0.1-5
Lube Oil Flow Improver 0.01-2 0.01-1.5
Detergents and Rust inhibitors 0.01-6 ¢.01-3
Pour Point Depressant 0.01-1.5 0.01-0.5

P Antifoaming Agents 0.001-0.1 0.001-0.01
Antiwear Agents 0.001-5 0.001-1.5
Seal Swellant 0.1-8 0.14
Friction Modifiers 0.01-3 0.01-1.5
Lubricating Base Oil Balance Balance

25

When other additives are employed, it may be desirable, although not
necessary, to prepare additive concentrates comprising concentrated solutions or
dispersions of the subject additives of this invention (in concentrate amounts
hereinabove described), together with one or more of the other additives (the

30 concentrate when constituting an additive mixture being referred to herein as an
additive-package) whereby several additives can be added simultaneously to the base
oil to form the lubricating oil composition, Dissolution of the additive concentrate
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fatty acid esters and anm des, organo nmol ybdenum conpounds, nolybdenum

di al kyl t hi ocar bamat es, nol ybdenum di al kyl dithi ophosphates, and thﬁrf‘lpﬁwm
An exanple of an antifoamant is polysiloxane, and the |ike. An ex

a rust inhi BiQ®s528 pol yoxyal kyl ene polyols, and the like. BarphseosdinV

i nprovers include s olefin copolyners and di spersant ol efin copolyners, and
the like. An exanple of a pour point depressant is poly(nethyl

I e sl k. i t ..hen contai.njng these additives,
Cypi oal 1y ar et .calBERATHMISRRT:so NGRS 4P B Bt deiorapmmicd boe. 1 o

rovide their.normal attendant function, Representative effective anounts
of such addi g BEaa1e, Bt {RLE ot eenpal f e BRCENTICOnpddilive-prckBgoadll Pr ef er red
Wi ght Percent Wi ght percent V.I1. Inprover1-121-4 Corrosion
| nhi bi t or 0. d¥YPBallnbe formulaed taedntain thetidditives b dpdrQnilmis. 6 provide the
D spersant 0. 1-100. 1-5 Lube G| Flow I nprover0.01-20.01-1.5 Detergents and

Rust | nhi bi tdesixed 6ancéfirfiondnRhe finfGbiinlBRAGESARE Qdﬂﬂivég%gé})soc%bbi'nef
20Ant i f oam ng Agent s0. 001-0.10. 001-0.01 Antiwear Agents0.001-50. -1.5

Seal Svel lsany it & pRiclerthifel b oMRE bloelcsind- Filis 3 Qe Rl 5l N0 Base
G | Bal anceBal ance
present invention can be added to small amounts of base oil or other compatible
solvents along with other desirable additives to form additive-packages containing
active ingredients in collective amounts of typically from about 2.5 to about
90 percent, and preferably from about 15 to about 75 percent, and most preferably
1w from about 25 to about 60 percent by weight additives in the appropriate proportions
with the remainder being base oil. The final formulations can employ typically about
1 to 20 weight percent of the additive-package with the remainder being base oil.
All of the weight percentages expressed herein (unless otherwise indicated) are
based on active ingredient (AI) content of the additive, and/or upon the total weight
15 of any additive-package or formulation, which will be the sum of the Al weight of
each additive plus the weight of total oil or diluent,
In general, the lubricant compositions of the present invention contain the
additives in a concentration ranging from about 0.05 to about 30 weight percent. A
concentration range for the additives ranging from about 0.1 to about 10 weight
20 percent based on the total weight of the oil composition is preferred. A preferred
concentration range is from about 0.2 10 about 5 weight percent. Oil concentrates of

the additives can contain from about 1 to about 75 weight percent of the additive

reaction product in a carrier or dituent oil of lubricating oil viscosity.
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25 When other additives are enployed, it may be desirable, although not
necessary, to prepare additive concentrates conprising concentrateq%E 2003
sol utions or disgersions of the subject additives of this inventio é#ﬁ

concentr at e ¥RIUA?283 her ei nabove described), together with orRCEHUSHOBY10f
the other additives (the 30 concentrate when constituting an additive
m xture being referred to herein as an additive-package) whereby several

addi tives can be jpgggdas itﬁ@%&cﬂtﬁ'@c@%? ke drlselr ﬁv%ﬁ?o% dig% l{.l?eﬁ lfgg:\{g}g%{?ﬁ) t‘e 217 0

| ubricating oil conposition. D ssoluti'on of 't a
5 S E P 200 .00/ 55283 PCT/ US00/. 03911 ipto the |ubricating oil can be
facilitated by’}éé%ﬁ%é"ﬁ?’s? %%H’&%yﬁ?g‘ibﬁ’éma&%ﬂ%ﬁ?‘eﬁ( B0y algp! REAYIthRSC but

this is not essential. The concentrate or additive-package will typically
be fornul at 8tPricgtipg hassi ¢l staek Haetion; hasing jarkipmegisr vissignats 002C pf ebowl @ to he
desired concentration in the final fornulation when the additive-package is

conbi ned 5 wbeut 200mSedetrr prefeeablpawuund t0hbdir 160 8) M ferdtl sboui Qo Subj ect
additives of the present invention can be added to small anounts of base

oi | or ot herb@ANBLESE! The THIKENAS 0B bRV £ U fveﬁ'%%h{ﬁa%r§1 @@ﬁkédn es to

form addi ti ve- packages containing active ingredients In co I'vé=anmount s

of typically,fr . -about. 90 rcent,. .a referably from about
15 tgpabout X')gs %&@ggﬁbrgﬁgn%gﬁ Oﬁr"élf‘%"feéﬁﬁveoﬁ'r)os"f'?aggﬂ '?J"b‘ifi‘fm&?)‘]%/o about 60

percent by Bei ht addjtives in the appropriate proportions wth the
remai nder b Fsﬁgtos'é%@c F basestocks pipinggpyispmerigaioned symhesicoyax andi wan.lag  about
1 to 20 weight percent of the additive-package with the remai nder being

base oil. Amellgs hydeoorskgtetbasestacin pagese debypineissmacidivey @ither(tial 9¢endt her wi se
i ndicated) are based on active ingredient (Al) content of the additive,

and/ or uponexti#cting] tle 8@tk akbpdlar @mpoAcki bf 18 cRRIEKa0KuAl bBEIHgdilk O
which will be the sumof the A weight of

10 include animal oils, vegetable oils (e.g., rapeseed oils, castor oils, and lard oil),
petroleum oils, mineral oils, and oils derived from coal or shale.

Synthetic oils include hydrocarbon oils and halo-substituted hydrocarbon oils,
such as polymerized and interpolymerized olefins, alkylbenzenes, polyphenyls,
alkylated diphenyl ethers, alkylated diphenyl sulfides, as well as their derivatives,

15 analogs, and homologs, and the like. Synthetic lubricating oils also include alkylene
oxide polymers, interpolymers, copolymers, and derivatives thereof wherein the
terminal hydroxyl groups have been modified by esterification, etherification, etc.
Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids with a variety of alcohols. Esters useful as synthetic oils also

20 include those made from C; to C,, monocarboxylic acids and polyols and polyol
ethers.

Silicon-based oils (such as the polyalkyl-, polyaryl-, polyalkoxy-, or

polyaryloxy-siloxane oils and silicate oils) comprise another useful class of synthetic
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each additive plus the weight of total oil or diluent. In general, the

| ubricant conpositions of the present invention contain the additgyeppnmia
concentration rangi ng fromabout 0.05 to about 30 wei ght percent. A
concentrati WP 9938 for the additives ranging from about 0.1 RQI/E$NNHEIN0
wei ght 20 percent based on the total weight of the oil conposition is
preferred. A preferred concentration range is fromabout 0.2 to about 5

Wei gt per Q@kicarfdeloiBOTGEBH ialiefc Aorichit &!Q%&LH{Iﬁgﬁiﬁ&s{)&%@f&}%ﬁ{;g&@‘g?f’gﬁ !

to about 75 wei ght percent of the additive reac

or diluent gjl.: I [ ' [l viscosity. -18 SEP, 2003 WO 00/ 55283
PCT/ US00/ 03@1‘&31{3&3 Sgiﬁge’r ﬁhgﬁ%%§8%#?@?§lso¥°1¥ ar]é)naé)?gf’ggn@nq tediei on are

useful in a varigty of |ubricating oil basestocks. The |ubricating oil
basest ock is any %F‘S?t“tgrmk%ﬂthﬁégrl&ed fromrunsefinedg refined, midefisedoeilts,faract i on
havi ng a kinematic viscosity at 100C of about 2 to about 200 cSt, nore

pr ef er abl y mixsures sherepfaddnrefidesiOoiis Ste obrmiatd pireftigr fadhya wderd! sohréOos about 100
cSt. The lubricating oil basestock can be derived fromnatural |ubricating

Ofl's, synt hohiterit ublirce . pNGoflihdle, 8 taFhid B RAERA! furiéh bRhEaldigd Cat i g

oi | basestocks include basestocks obtained by isonerizati synthetic

wax and wa kat e sestocks, praduced b dr ocr acki ng
(rat her thgﬁeaﬁfrgﬁia@?s%g{n?%ngp ﬁsemﬁﬁlgﬁﬁts?’ eé’ﬁ‘d&ﬂﬂpﬁ‘fgﬁﬁﬁéﬁé‘ﬁt% of the
crude. Natural .lubricating oils ,o include aninmal oils, vegetable oils
(e.g., rapdSXHNEPPeratQnL, & prtrojumsotl ehtainedydigecsly) from digsitletipmuen asi ¢ster oil ner al
oils, and oils derived fromcoal or shale. Synthetic oils include

hydr ocar borebsdined dimettiyfrem enlsstevificationl phordsso eashbafiwivich $s thes uedd @fthout

pol ynmeri zed and interpol ynerized ol efins, al kyl benzenes, pol yphenyls,

al kyl at ed BuphenytausiterRefinetiloylh afeatniAmbeny hnistthéd 68Sexca@S Wal leridea t hei r
derivatives, 1ls anal ogs, and honol ogs, and the |like. Synthetic lubricating
oil's al sq gkl hade beddtAELin one or more purification steps 1o improve one or more
properties. Suitable purification techniques include distillation, hydrotreating,
dewaxing, solvent extraction, acid or base extraction, filtration, and percolation, all
of which are known to those skilled in the art. Rerefined oils are obtained by treating
refined oils in processes similar to those used to obtain the refined oils. These
15 rerefined oils are also known as reclaimed or reprocessed oils and often are
additionally processed by techniques for removal of spent additives and oil breakdown
products.
Lubricating oil base stocks derived from the hydroisomerization of wax can
also be used, either alone or in combination with the aforesaid narural and/or
20 synthetic base stocks. Such wax isomerate oil is produced by the hydroisomerization
of natural or synthetic waxes or mixtures thereof over a hydroisomerization catalyst.
Natural waxes are typically the slack waxes recovered by the solvent dewaxing of
mineral oils; synthetic waxes are typically the wax produced by the Fisher-Tropsch

process. The resulting isomerate product is typically subjected to solvent dewaxing
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oxi de polyners, interpolynmers, copolyners, and derivatives thereof wherein
the term nal hydroxyl groups have been nodified by esterificatiqy555p2m3
etherificatj . Anot her suitable class of synthetic |ulrji s
conpri ses th%yggﬁéi% of dicarboxylic acids with a variety ofeghﬁ%ﬁgﬁgnP
Esters useful as synthetic oils also 20 include those nmade fromGCs to C,,
nonocar boxyl i ¢ aci ds and pol yol s and polyol ethers. Silicon-based oils

(such as t hendofthatidnshidn 1o REIWEAKous fﬁ@{imldf@Fydﬁc Ofscodn9! MAge!| wak- si | oxane
oils and silicate oils) conprise another usetul class of synthetic -19 05

SEP ?U3 I | I J. O her synthetic
| ubricati \rﬁ\?sgﬁ{cgé%nc 153(%( “H%g{?%’gg’ié%’ﬁ: %@@#Q%HOE%HSJF%§§]tYC%‘E%§ ,néleﬁgra?&i ds,

olyneric tetr.ah of urans, .pol yal phaol efins, and.the |ike. The lubricatin
gi I ycan be g%"ﬂ?g/éghqud‘ﬁfeﬁﬁrléﬁi P%g,"&%ﬁﬁ leasy 135 apd pigherd 2964 fologHNg i xt ur es ’
thereof. Unrefined oils are obtained directly froma natural source or s
synt heti ¢ séeWwaxang.ca ppur peiwh pf shieat €0°Crant dighend bit umen) wit hout furt her
purification or treatnment. Exanples of unrefined oils include a shale oil
obt ai ned di rect | Thé aodhives of elieOpreseRPin@PRIcAlar® BspedialE UEehEAN e hporehis ah ned

directly fromdistillation, or an ester oil obtained directly froman
esteri |1 cal ity BERGERTubiRaGHy O cYRAidS, THE Raligiot B DiOitIald!id heT
treatnent- Refined oils areSimlar to the unrefined oils except that

fined 10 gils have been treated in o : ification steps t
o ove one" I 81 BB duieRi Visigsiogrineiging meivedland yvdetin lpREE Tl ude

distillation, hydrotreating, _dewaxing, solvent extraction, acid or base
extracti on, 04§ $nd mixretes therrefl p dhe additivesrean & incheded\iniceankeaase 1kbrisating @ils hose
skilled in the art. Rerefined oils are obtained by treating refined oils
i n pr ocessefrspaik-ignittdandrosprassientigrited tiednal d¢disbiusadn seglngy. | The These i s
rerefined oils are also known as recl ained or reprocessed oils and often
are w Ccompositions can also be used in gas engine lubricants, turbine lubricants, automatic

transmission fluids, gear lubricants, compressor lubricants, metal-working lubricants,

hydraulic fluids, and other lubricating oil and grease compositions. The additives can

also be used in motor fuel compositions.

The advantages and the important features of the present invention will be

15 more apparent from the following examples.

Example 1
Corn 0il/N-methyl-1,3-propanediamine
. Into a 500 ml four-neck flask were charged 350 grams (0.39 mole) of corn oil

2 and 50 grams (0.58 mole) of N-methyl-1,3-propanediamine. The reaction media

were heated 10 115°C under a nitrogen blanket with stirring, and this temperature was

maintained for five hours. The reaction media were cooled to room temperature

whereupon 100 grams (0.14 mole) of this material was transferred to a 250 ml four-

neck flask. This was followed by the addition of 50 grams of isopropyl alcohol. To
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additionally processed by techniques for renoval of spent additives and oil
breakdown products. Lubricating oil base stocks derived fromthe 0
hydr oi soneri zati on of wax can al so be used, either alone or in coprigisrjligt% g}n
with the af oEs%§283at ural and/or 2.0 synthetic base stocks. SuehusbaAson

| sonerate oil is produced by the hydroisonerization of natural or
synthetic waxes or m xtures thereof over a hydroisonerization catalyst-

Nat ural waxegis Hoidryof G@lrk bt X recover by the sol vent
dovaxing of aheron/f the x é’?ﬁt SRR uiragen Egm wiflbstigRg pWesduced
by the Fish h roces he resulting isonerate product is
typically SEB?%‘!:%‘%%{ 62-3&%‘8?1?0-&%\%&?)&6 caghpngligy! fRler whichO@SultedGn @A/ 55283
PCT/ US00/ 43911 and fractionation to recover various fractions of specific
viscosity r&heflempEsquiniag pxtermabeaoding]te majinainahé edatd@Cnédia TSR 2B WEINET Y

hi gh viscosity indices, generally having a VI of at |east 130, preferably

at | east 13303Gd Tiiegh@0.0 granhs (6.07 Infoié NeF mERBEHLRO 0 ' f about
-20C and higher. 5 The additives of the p?@sent H‘?[ﬁeglgtg%% agfr?éedue“s%e%c%ﬂ |y

s S o 0 G IR T,

additives can be included in a variety

i ncl udi ng n . nthetic lubricating oils and m xtures thereof. The
addi ti ves CZ%EB@I' P%@&u‘gérﬁ "FEH] (ol ioo8m 1smPeratire Apd diluted withr108pmlrdd- i gni t ed
and conpr esgi on-igni.ted internal conmbustion engines. The to conpositions
can al so beltra%8- ifhigsplutisnyasthen iteredthsqugh arteid nd Celilerfileanid, TAe hoERE i C
transm ssion fluids, gear |ubricants, conpressor |ubricants, netal-working

| ubri cant s, Wahyienstiipredfdffiunder vanuinotdgield 418drk GaddidhbrOivh lﬁ#ﬁﬂj A
conpositions. The additives can also be used in notor fue corrpos&i ons.

The advant agasweighk pdierit FRAYBARIM HBIL GRidhh phlEnRLRSENT 1 nvention will be

W

Example 2
Canola (Rapeseed) 0il/N-methyl-1,3-propanediamine
Into a 500 ml four-neck flask were charged 350 grams (0.36 mole) of canola
oil and 46 grams (0.54 mole) of N-methyl-1,3-propanediamine. Under a nitrogen
15 blanket with stirring the reaction media are heated to 117°C, and this temperature
was maintained for five hours. The reaction media were cooled to room temperature
whereupon 100 grams (0.14 mole) of this material was transferred to a 250 ml four-
neck flask. This was followed by the addition of 50 grams of isopropyl alcohol. To
this portion of the reaction intermediate, under a nitrogen blanket with stirring, was
20 added slowly 12.1 grams (0.16 mole) of carbon disulfide which resulted in an
exotherm requiring external cooling to maintain the reaction media temperature below
30°C. Then 10.0 grams (0.07 mole) of molybdenum trioxide was added all at once,
and the temperature was raised to 50°C for one hour, then to 80°C for three hours.

The reaction media were then cooled to room temperature and diluted with 100 m] of

-22 -




1s nore apparent fromthe foll ow ng exanples. Exanple I Corn

oi | / N-net hyl - 1, 3-propanedi am ne Into a 500 m four-neck flask were{]@lgg?qm
350 granms (0.39 nole) of corn oil 20 and 50 granms (0.58 nole) of

N-net hyl - 1, ¥ 654 edi ani ne. The reaction media were heat ed ARG/ USPYE3%hder
a nitrogen bl anket with stirring, and this tenperature was nuaintained for
five hours. The reaction nedia were cooled to roomtenperature whereupon

100 grams (Hxdsdk. n?hﬁ)soﬂlftloﬁma'%m{ﬁftér@ﬁ rﬁ@ég‘htzf 2 ur -
neck flask. This was followed by the addit onlg]\c'r;"js&e%erlI‘%(gﬁitgrzﬁ 5@8@?’8“6‘y|

al cohol . T 0 3 WO 00/ 55283 ,PCT/ US0Q/.03 11 t portion of the
reaction | %‘;r?[ﬁ%%?téﬁ £d %%cofélp . V%“P%‘Bé’ﬁelgﬁ ﬁ%e‘?gwl? TR ﬂlflﬁg was added
slowly 12.1 grans (0. 16 nol e) of carbon disulfide, which resulted in an
exothermrequiring external cooling to maintain the reaction nmedia
tenperature below 30C. Then, 10.0 grans (0.07 nole) of nolybdenumtri oxide

was added all at once. 5 The tenperatixampled rai sed to 50C for one hour,
then to 80C for three hours. The reaction nmedia were then cooled to room

tenperatyre and dil ut €hnois (RapeSecd) onfz-(mmaahymhﬁ.&mdﬁu on was then
filtered through a bed of Celite filter aid hexane was then stripped

o1 i, vacuminy ok ok RSB P e
Cono (ol By LU o 1 BSEPTSELam Er LL 5,000 o e
blanket with stirring the reaction media were heated to 117°C, and the temperature
was maintained for five hours. The reaction media were cooled to room temperature
10 whereupon 100 grams (0.14 mole) of this material was transferred to a 250 ml four-
neck flask. This was followed by the addition of 50 grams of isopropyl alcohoi. To
this portion of the reaction intermediate, under a nitrogen blanket with stirring, was
added slowly 13.0 grams (0.17 mole) of carbon disulfide which resulted in an
exotherm requiring external cooling to maintain the reaction media temperature below
15 30°C. Then 10.5 grams (0.073 mole} of molybdenum trioxide was added all at once,
and the temperature was raised to 50°C for one hour, then to 95°C for one hour.
The reaction media were then cooled to room temperature and diluted with 100 ml of
hexane. This solution was then filtered through a bed of Celite filter aid. The hexane
was then stripped off under vacuum to yield a dark reddish-brown liquid.
20
Example 4

Canola (Rapeseed) o0il/N-methyl-1,3-propanediamine//No CS, treatment

Into a 500 ml four-neck flask were charged 350 grams (0.36 mole) of canola

oil and 47 grams (0.54 mole) of N-methyl-1,3-propanediamine. Under a nitrogen

23 -




oil and 46 grams (0.54 nole) of N-nethyl-1, 3-propanedi am ne. Under a
nitrogen 15 blanket with stirring the reaction nedia are heated to l@g@ipmg}
and this tenmperature was maintained for five hours. The reaction nedra
were cool ed 92081 enperat ure  wher eupon 100 grams (0. 14 ol T/0800kende
material was transferred to a 250 m four- neck flask. This was followed by
the addition of 50 grams of isopropyl alcohol. To this portion of the

reacti on i nt I4Re RIitE stitHIR P n bl anket with stirring, was 20

added slowy 12.1 gr arrsm(]%.tgl%?enqg‘l% P were e 'QLﬂlft}i Goanghihemperanred | n

an exot herm L L1n ternal cooling to maintain the reaction nedia

t enper at ur e g&gg{\}éﬁ%ﬁ;&& )fqrhé\’?a}l%’.rﬁ g?’%ﬁ%‘:‘e‘m mediptesy caplednol ipbobetlempetaniroxi de

was added all _at once and the tenperature was raised to 50C for one hour,

then to 80C POEreuRPRAOP grams (0. Irhmoled af thisonatmmali aseiefet 8 R0 G230 fofe.r 0OM

tenperature and diluted with 100 ml of -22 05 SEP 2003 WO 00/ 55283

PCTI USOQY 039 chiaskn cThid bas follhwetin @i IF 40 4k 68 o BE g Blefndl> e
0]

Celite filter aid. The hexane was then strippe unde cuum eld a

dar k r eddi shtHig puioh iofl ¢ : I ese . .

0i | /2-(2-am noetphyl )am%\%ggﬁﬁgp{eﬁwg%&g’%r %F‘?ﬁ??%ﬂi’)@{% Wil SirriRgy ¥aghar ged
350 grans (O f. canol i1 and 56 grans (0.54 nole) of

N et hyl -1, 3‘3‘%%8@‘16‘2%@% %rea‘.mslﬂﬁé)gg moley; f mep) ehdenpingrireide wiltah osgs, and tg t he
reaction nedja were heated to 117C, and the tenperature was naintained for
five hours. ‘FHPCFEYEHYASTAIEY R8T Eordlrot bohirs othew omoleErP@OAT Wipetauraher eupon
100 granms (0.14 nole) of this material was transferred to a 250 m four-
neck flask. Themivae wad dibwetiwits 100eniadaeidnen Tofs RBu@hav® @bn kREREOPY!
alcohol. To this portion of the reaction internediate, under a nitrogen

bl anket Wi t hthstuighrd bt ofv@ite atteestas awh, - Q. 1r.rmole) of carbon
di sul fide which resulted in an e vgs%%”ﬁnlgped off ‘méef vacuum.

10

Example 5
Repeat of Example 2, Canola (Rapeseed) 0il/N-methyl-1,3-propanediamine
Into a 500 ml four-neck flask were charged 350 grams (0.56 mole) of canola
oil and 47 grams (0.54 mole) of N-methyl-1,3-propanediamine. Under a nitrogen
15 blanket with stirring, the reaction media were heated 1o 117°C, and the temperature
was maintained for five hours. The reaction media were cooled to room temperature
whereupon 180 grams (0.24 mole) of this material was transferred to a 500 ml four-
neck flask. This was followed by the addition of 90 grams of isopropyl alcohol. To
this portion of the reaction intermediate, under a nitrogen blanket with stirring, was
20 added slowly 22.3 grams (0.29 mole} of carbon disuifide, which resulted in an
exotherm requiring external cooling to maintain the reaction media temperature below
30°C. Then 18.0 grams (C.12 mole) of molybdenum trioxide was added all at once,
and the temperature was raised to 50°C for one hour, then to 87°C for five hours,

The reaction media were then cooled to room temperature and diluted with 200 ml of
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exothermrequiring external cooling to maintain the reaction nedia
tenperature below I|s 30C. Then 10.5 grams (0.073 nole) of nol ybdeG@nSEP 2003
trioxide was_added all at once, and the tenperature was raised to 50C for
one hour, tN¥A¥H8EC for one hour. The reaction nedia were tREIHUSNOOBHA t O
roomtenperature and diluted with 100 mM of hexane. This solution was then
filtered through a bed of Celite filter aid. The hexane was then stripped

of f under vaexisg) tIhiyidhh 0, | Ol ampl e 4 Canol a
(Rapeseed) oil/ N et hyl -ﬁimgw%ra%’%‘aﬁe%?%?nﬂ% ) e‘lcﬂ?é‘%lﬂeﬁ‘g%%‘? "Thehexangoo oy
four-neck fl [ 350 rams 6 nole) of canola oil and 47
granms (0.54 “%%:fheﬁe&rﬁppﬁ-gaofﬁﬁ@ ° Va°§ B’r%ﬁ aidark WQS)WJ%&%‘V“ Hawidi r ogen -23 0 5
SE P 2003 WD 00/55283 PCT/ US00/ 03911 bl anket with stirring the reaction
medi a were heated to 117 C, and the tenperature was maintained for five
hours. The reaction nedia were cooled to roomtenperature whereupon 100

granms (0.14 nole) of this nmaterial wEsainpdeeferred to a 250 m four- neck
flask. This was followed by the addition of 50 grans of isopropyl alcohol.

To 5 thissportion of the rmﬁglh%mjag@g,mg&ﬁ%ga 3 {ea ni trogen bl anket
wWith stirring, was added slowy 10 e) of nol ybdenum

trioxide all at erature al sed ree
hours, then cooI 8% Oraglglm%opgﬂ%iér ure Chﬁ?@ @Sﬁ ﬁ%)t(@&av&i‘h 100
m of hexane. Th| soI uwagdp W@i éhen filtered through_ a bed of Celite
filter aid. OFa8dg ﬁéﬂ’és fRken ok Nrayploderydtls 3-priparediameingmUnter Bningges 5

blanket with stirring, the reaction media were heated to 117°C, and the temperature
was maintained for five hours. The reaction media were cooled to room temperature
1w whereupon 100 grams (0.12 mole) of this material was transferred to a 250 ml four-
neck flask. This was foliowed by the addition of 50 grams of isopropyl alcohol. To
this portion of the reaction intermediate, under a nitrogen blanket with stirring, was
added slowly 12 grams (0.15 mole) of carbon disulfide, which resulted in an
exotherm requiring external cooling to maintain the reaction media temperature below
15 30°C. Then 8.8 grams (0.06 mole) of molybdenum trioxide was added all at once,
and the temperature raised to 50°C for one hour, then to 100°C for one hour. The
reaction temperature was then raised to 120°C for one hour, then to 135°C for four
hours. The reaction media were then cooled to room temperature and diluted with
100 ml of hexane. This solution was then filtered through a bed of Celite filter aid.

20 The hexane was then stripped off under vacuum to yield a dark reddish-brown liquid.

Example 7

Canola (Rapeseed) oil/N-methyl-1,3-propanediamine/No IPA
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Repeat of Exanple 2, Canola (Rapeseed) oil/N-nethyl-1, 3-propanedi am ne

Into a 500 ml four-neck flask were charged 350 grams (0.36 nole) of Sc$ERol0gs
oi |l and 47 V%%ﬁﬁ ég 54 nole) of N-nethyl-I, 3-propanedi am ne. Under a
nitrogen 15 BI%8R¥EY with stirring, the reaction nedia were h&&TEesH839%17¢
and the tenperature was maintained for five hours. The reaction nmedia were
cooled to roomtenperature whereupon 180 grans (0.24 nole) of this

material was trdnsfe25kmhi fauraeblflash wealiargtack s drask (0. Thinbid)ast chgdh owed by
the addition of 90 granms of isopropyl alcohol. To this portion of the

reaction i rga[elch'g’)fgﬁls i AL _bhke ith sti.reing,.. was 20
added sl OV\A%?/IG'{ZZ. 3 gr ams(g?g%le(gé)ngq Ig)rﬂg‘?ﬁcd?%ﬁs%}e@&b{}?cde?néﬁ{ia%ﬁ“%%I ted in

an exot her i ri external cooling to intain the reaction nedia

t enper at ur gﬁ agr%?g‘bv'(/“h ggg_mgr reagian @F%’gré”e(%ggﬁe‘iﬂ £30°65 ang fRpjemBRer# e i oxi de
was added all at once, and the tenperature was raised to 50C for one hour,
then to 87®asJpaiptainedfpyfiee hourpe Thegeaction maesid wereeemledhe moanotepertmre 0om
tenperature and diluted with 200 M of -24 0 5 S E P 2003 WD 00/55283

PCT/ US005 038t tevipon avmder Thiisogenl hltilen widstitheg) Wad ddaee oty 900 ams bed of
Celite filter aid. The hexane was then stripped off under vacuumto yield

a dark reddn.3b-rsieyer ¢drbsh &tsulﬁﬁ@rmhr%h@ésﬁltg@ﬂ?%@emmeﬁreﬁ?iri external

oi | / N-cycl ohexyl propanedi amine I'nto a 500 ni four-ne ask were charged

350 grans : n i].. and 84 gr.ans o4 I of
N-cycl ohex&?gﬁﬁ%%g%éagﬁeg %S}anéﬁ%p rﬁﬁdd"’efenﬁ’em"t“%ot&é%w (38I ('in Egn i/i)ztlhgréinﬁ rring,
the reacti dia were heated to 117C, and the tenperature was naintai ned
for five hg‘ngg ’ﬁfﬁ@ Q{éBB‘tYP%ﬁ“H’e'GIOéI%‘V%S added @l af en¢epond thertpoperatire w2e
wher eupon 100 (grams (0.12 nole) of this material was transferred to a 250
m four- né&dked 108K C fnitwowad ofiohhlf\hedrsbyhenhe 1268C ttorowodfoub Thans of
i sopropyl al cohol. To

i reaction media were then cooled to room temperature and diluted with 80 mi! of

hexane. This solution was then filtered through a bed of Celite filter aid. The hexane

was then stripped off under vacuum to yield a dark reddish-brown liquid.

Example 8

15 Into a one-liter four-neck flask was charged 500 grams (0.52 mole) of canola
oil and 68 grams (0.76 mole) of N-methyl-1,3-propanediamine. Under a nitrogen
blanket with stirring, the reaction media were heated to 120°C and the temperature
was maintained for five hours. The reaction media were cooled to room temperature
whereupon, under a nitrogen blanket with stirring, was added slowly 34.2 grai'ns

20 (0.45 mole) of carbon disulfide, which resulted in an exotherm requiring external
cooling 10 maintain the reaction media temperature below 36°C. Then 50 grams
(0.35 mole) of molybdenum trioxide was added all at once, and the temperature was
raised to 90°C for one hour, then to 120°C for six and one-half hours. The reaction

media were then cooled to room temperature and diluted with 600 ml of hexane. This
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this portion of the reaction internediate, under a nitrogen bl ankeipeg/visé%h
stirring, was added slowy 12 grans (0.15 nole) of carbon disulfi Ay

resulted in herm requiring external cooling to naintai tion
medi a terrpe?‘gp???gég elow is 30C. Then 8.8 grans (0.06 nole) #‘%@JB Zﬁum
trioxi de was added all at once, and the tenperature raised to 50C for one

hour, then to 100C for one hour. The reaction tenperature was then raised

to 120C f orsobutédnheay theh fidiBreidahdodgh @ Hedrof fCelite filkowids . T Bexana otk ¢enmedi a
were then cooled to roomtenperature and diluted with 100 ml of hexane.

Thi's sol utiﬁgﬁﬁnﬁ&mamﬁe&ékm@ﬁ éa@mbfﬁwﬂi.&e filter aid. 20 The

hexane was ripped off under vacuumto yie dar k reddi sh-brown

| i quid. Exanple 7 Canol a (Rapeseed) oil/N nethyl-i, 3-propanedi am ne/ No | PA
-25 05 S E P 2003 WO 00/55283 PCT/US00/ 03911 Into a 250 m four-neck
flask were charged 125 grans (0.13 nole) of canola oil and 17 granms (0.19
nol e) of N nethyl -1, 3- propanedi am ne.Exawe %9a nitrogen bl anket with
stirring, the reaction nedia were heated to 120C, and the tenperature was
mai nt ai ned for finwealoaediser fdtuenackdtask overerelttirgedvtSegrame (@49 mwle)adranola
tenperature 5 whereupon, under a nitrogen blanket with stirring, was added

slowy 8.2 g ansed efaddOm mbneqfof@aﬁkgﬁidlﬁwofph&aaanm CUnB&SHhik® d n an

exot herm I’eCIUI ri ng exter nal cool 1 ng tO mai ntain the reaction ne

tenper at ur ]Pﬁl&e‘?\«rlt’#}s?lrnxg jrgachoﬁ’ oGt wgr% h%géd%)llﬁ? o fa{jgl?llé%%ﬂfv é rioxide

was added a at once erature was rarsed wo and
one-hal f hours, then Cg? 125C for ﬁl hours. The 10 re ctl on nmedi a were then
cooled to r\ﬁ’ﬁ?ﬁ“@%@? q SEX BoWIS-q TG reafigh mppdisowere cegled Hu o0 ETPRTARITE o) yt | on

was then filtered through a bed of Celite filter aid. The hexane was then
stripped of Whensdpn. vadeiiarniteozgn blagket Wih kinrwgdivahadsied wipwly @gicdgrams

i (0.39 mole) of carbon disulfide, which resulted in an exotherm requiring external
cooling to maintain the reaction media temperature below 36°C. Then 46 grams
(0.33 mole) of molybdenum trioxide was added all at once and the temperature was
raised to 82°C for two hours, then to 125°C for three hours. The reaction media
were then cooled to room temperature and diluted with 400 ml of hexane. This

15 solution was then filtered through a bed of Celite filter aid. The hexane was then

stripped off under vacuum to yield a dark reddish-brown liquid.

Examplie 10
Canola 0il/N-isopropyl-1,3-propanediamine
20 Into a 250 mi four-neck flask was charged 85 grams (0.088 mole) of canola oil
and 15 grams (0.13 mole) of N-isopropyi-1,3-propanediamine. Under a nitrogen
blanket with stirring, the reaction media were heated to 120°C, and the temperature
was maintained for six hours. The reaction media were cooled to room temperatre

wherevpon, under a nitrogen blanket with stirring, was added slowly 5.4 grams
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Exanple 8 O Into a one-liter four-neck flask was charged 500 grams (0.52
nol e) of canola oil and 68 grans (0.76 nole) of 05 SEP 2003
N- net hyl - 1, 3- propanedi am ne. Under a nitrogen blanket with stirring, the
reacti on med® 4i8583heated to 120C and the tenperature was nwo@sSoasbit or
five hours. The reaction nmedia were cooled to roomtenperature whereupon,
under a nitrogen blanket with stirring, was added slowy 34.2 grans 20

0. 45 nol f ' j ' | ted i t he, iri
i ornal  CRITRIPRET oEraH WAt LBl SR B DelBer iPurEnR kbW oC.

Then 50 grans .50.35 pol.e), of npl ybdenum tri oxi de was added all at once,
and the t enF@PLPE I Mpainthy waghqnymede iereperasire belyr 36 1GieThen 810@@msor  si x
and one-half hours. The reaction nedia were then cooled to room

t enper at ur e (@t wolehoémolydhngo riokidovahaddedell aT bie, 236 He5eBpEad 0 vadD

00/ 55283 PCT/ USOQ 03911 solution was then filtered through a bed of Celite

filter aid. raised heR0TE fvesnetHoRr, BEA tPPEFCObE uﬂéhdﬁdurgawymécgo%gég% Fedark

reddi sh-brown liquid. Exanple 9 s Into a one-liter four-nec wer e

R T s e e R

N- net hyl - 1, 3- pr opanedi am ne. e nitrog

reacti on nedi a re.heated to &agoc, and the tenperature was maintained for
si x hours. %&Eﬁ?@?{;ﬂtﬁ@agga fl of Csbteddter aidy obha hexaprevas thea stiipnedeihon,
under a nitrogen bl anket with stirring, was added slowy 29.6 grans 10

(0. 39 nol e) usker ¥xayym @i Weld fai daek raddisbtbrows lipgidd i n an exot herm requiring
external cooling to maintain the reaction nedia tenperature bel ow 36C
Then 46 granms (0.33 nole) of nolybdenumtrioxide was added all at once and

the tenperature was raised to 82C for two hours, then to 125C for three
hours. The reaction nedi a Example 11

10 Soya oil/N-methyl-1,3-propanediamine
Into a one-liter four-neck flask was chérged 328 grams (0.49 mole) of Soya oil

and 64 grams (0.72 mole) of N-methyl-1,3-propanediamine. Under a nitrogen
blanket with stirring, the reaction media were heated to 120°C, and the temperature
was maintained for six hours. The reaction media were cooled to room temperature

15 whereupon, under a nitrogen blanket with stirring, was added slowly 29.6 grams
(0.39 mole) of carbon disulfide, which resulted in an exotherm requiring external
cooling 1o maintain the reaction media temperature below 36°C. Then 44 grams
(0.31 mole) of molybdenum trioxide was added all at once, and the temperature was
raised to 80°C for one hour, then to 125°C for one hour. The reaction media were

20 then cooled to room temperature and diluted with 450 m! of hexane. This solution
was then filtered through-a bed of Celite filter aid. The hexane was then stripped off

under vacuum to yield a dark reddish-brown liquid.

Example 12

-28 -




were then cooled to roomtenperature and diluted with 400 m of h?ﬁfgﬁ’
- This 15 solution was then filtered through a bed of Celite filter - %‘Wé

hexane was %?e@)ﬁfg%rl pped of f under vacuumto yield a dark reddi sh-brown

liquid. Exa Canol a oi | / N-i sopropyl - 1, 3- pr opanedi ari ne P&8"YSA¥E3%41 250
m four-neck flask was charged 85 grans (0.088 nole) of canola oil and 15
grans (0.13 nole) of N-isopropyl-1, 3-propanedi am ne. Under a nitrogen

bl anket with stirring, the reagimiir répeitaf Bampleat ed to 120C, and the
tenperature was naintained for six hours. The reaction nedia were cool ed

to room t enper at 1T [ | anke §th stirring, was
added sl owy 5.4%‘?%@3@2@9&?88@@@%%%%8&\@5%8@3@@“%‘)/%’é’@}‘%%11 (0.071
nol e) of carbon disu]fide, ch result i n an _exot herm requiring external
cooling to ‘Fﬂi\opﬂ %fh ﬂm{ Lﬂegdgréﬁ’ém{zbgnﬂnlﬁalie%? fﬁ’&%ﬁ&ﬂ&é-&@@@%ﬁ%@e@- Hdgers. 6
grans (0.06 nole) of nolybdenumtrioxide was added all at once, and the

t enper at ur enifgpgen plapkss pithostgowe fthe resgeohmedia wene heatal ©220°Cornd theee hour s.

The reaction nmedia were s then cooled to roomtenperature and diluted with

100 m of s hexgeeamrEws madhtainedfor shaBoirbe Th irddcabecheifiriigRodlehes r@dm Cel i te
filter aid. The hexane was then stripped off under vacuumto yield a dark

S o g ok SO T s T,
' 64 72 IN- ' -1, 3- ; i ami ne. U
R L e T T

and the tenperature was nmaintained for six hours. The reaction nedia were
cool ed to r®BREMAEFREPELQ MAIntain the reaction media temperature below 36°C. Then

92 grams (0.66 mole) of molybdenum trioxide was added all at once, and the

w temperature was raised to 80°C for one hour, then to 125°C for one and one-half
hours. The reaction media were then cooled to room temperarure and diluted with
800 ml of hexane. This solution was then filtered through a bed of Celite filter aid.

The hexane was then stripped off under vacuum to yield a dark reddish-brown liquid.

15 Example 13
Safflower oil/ N-methyl-1,3-propanediamine
Into a 250 ml four-neck flask were charged 77.8 grams (0.88 mole) of

safflower oil and 11.4 grams (0.13 mole) of N-methyl-1 ,3-propanédiamine. Under a
nitrogen blanket with stirring, the reaction media were heated to 120°C, and the

» temperature was maintained for six hours. The reaction media were cooled to room
temperature whereupon, under a nitrogen blanket with stirring, was added slowly
5.4 grams (0.071 mole) of carbon disulfide, which resulted in an exotherm requiring
external cooling to maintain the reaction media iemperature below 36°C. Then

8.6 grams (0.06 mole) of molybdenum trioxide was added all at once, and the
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i s whereupon, under a nitrogen blanket with stirring, was added slowy 29.6
grans (0.39 nole) of carbon disulfide, which resulted in an exot he[Lgn
requiring external cooling to naintain the reaction nedia tenperat SEP 2003
bel ow 36C. TREWUEAYrams (0.31 nole) of nol ybdenum trioxi de wesressadonl |
at once, and the tenperature was raised to 80C for one hour, then to 125C
for one hour. The reaction nedia were 20 then cooled to roomtenperature

and di |l uted vinigerdHQ s Qfsed IS .Sl ution s.then filtered through
-a bed of Celi tﬂg filter aid. ?d'(l' e go}gﬂﬁ% h\?/ﬁ’é‘%?fbw %%Cp%d’“éﬁlpur-u'ﬁbfér vacuum

toyield a d . ksh-brown |iquid. Exanple 12 -28 05 SEP 2003 WO

00/ 55283 Pd?{ﬂ@é‘@fg’g@@lw <F ?me@ég%gp Gf then, Siltsras) througha bed: ofrGeditd filver

f our - neck fla.ﬁk were charged 950 grans (0.98 nole) of canola oil and 128
grams (0. 1. 43418y 2 gark\readishrprovin Bqwidopanedi ani ne. Under a nitrogen

bl anket with stirring, the reaction nedia were heated to 120C, and the s
tenperature was nai ntai ned for six hours. The reaction nedia were cooled to
room tenperature whereupon, under a nitrogen blanket with stirring, was

added sloWy 60 granms (0.78 nole) OTE’Q‘E{"@@ 4di sul fide, which resulted in
an exothermrequiring external cooling Intain the reaction nedia

t enper at ure bel ow 36C. r 0.66 nol e) of nolybdenumtrioxide was
added al|l at once, andcjéﬂglgv'\??&A%Hg‘fyﬁ?’gpﬁwlﬂaéﬂm@momeor one hour,
then to 125C for .0one Zg(g ne-hal f hours. The reaction nedia were then

cooled to room t Rfet foiinegk faskewers dharge8 O glamsf(011@x@sIe) of Dirbla
solution was then filtered through a bed of Celite filter aid. The hexane

was then st roibpd ogramsri@el 4 vadeion s o @liskypréilg Qe HiAbsBpMN tiaddyi,d- 15
Exanmpl e 13 _
mitrogen blanket with stirring, the reaction media were heated to 130°C, and the
1o temperature was maintained for 11.5 hours. The reaction media were cooled to room
temperature whereupon, under a nitrogen blanket with stirring, was added slowly
4.6 grams (0.06 mole) of carbon disulfide, which resulted in an exotherm requiring
external cooling to maintain the reaction media temperature below 36°C. Then
7.0 grams (0.049 mole) of molybdenum trioxide was added 2il at once and the
ts lemperature was raised to 80°C for half an hour, then to 125°C for one hour,

followed by raising the temperature again to 130°C for two hours. The reaction

media were then cooled to 90°C, then filtered through a bed of Celite filter to yield a

dark reddish-brown liquid.

20 Example 15
Into a two-liter four-neck flask were charged 750 grams (0.78 mole) of Canola
oil and 370 grams (01.14 moles) of isododecyloxypropyl-1,3-diaminopropane. Under
a nitrogen blanket with stirring, the reaction media were heated 10 130°C, and the
iemperature was maintained for nine hours. The reaction media were cooled to room
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Saffl ower oil/ N-nethyl-1, 3-propanediamne Into a 250 m four-neck flask
were charged 77.8 grans (0.88 nole) of safflower oil and 11.4 gr &fsSEOIB
nol e) of N-@M -1, 3-propanedi am ne. Under a nitrogen blanket with
stirring, t 38 on nedia were heated to 120C, and the 20 RGEApN0AQ3UL e
was nai ntained for six hours. The reaction nedia were cooled to room

t enper at ure whereupon, under a nitrogen bl anket with stirring, was added

slowly 5. degperaturé Gherébpom|de0f nfARPA Biadk S fth Sringhlgh Jﬁgg%‘@d in an

exothermrequiring external cooling to naintain the Feaciion a

t enper at ur (0..06 ol e) of nolybdenum trioxide
was added g‘lﬁg@ W(gﬁ?gn Olgn%aﬁ%oq‘ &éﬁﬁge WRICK: res ?W’@H%S@ZSQ‘““%

PCT/ US00/ 039@61 a't]errgerature. was rai sed to 80C for one hour, then to 125C for
one hour. TFAE™Y copling o magialp (e reacting ineditolemperaurgbelow HeEE. f Therer ed
through a bed of Celite filter aid to yield a dark reddi sh-brown liquid. 5
Exanpl e 14 78#7ama ($#9 male)aafonelyydennmpriopide-wasdded il BORcOPaethknt 0 a 250 m
four-neck flask were charged 75 granms (0.78 nole) of Canola oil and 37

grans (0.1lémparhmye whs fAedad a0yt OXRAPM hdur3uthadi BPRF RRARGe nylder a
ni trogen blanket with stirring, the reaction nmedia were heateo'll to 130C. and

the 10 tenmekaLusBnRHIREANALABSHILRL, 7545 NOMER. e rsaction. agdia vere

cooled to room tenperature er eupon, ‘under h
stirring, d.slo 4. 6. grans (0.06 nole) of carbon disulfide, which
resul ted in F\glggtgtyﬁ%? &V&ﬂgﬁiﬁdaisﬂ&m‘@&ﬁl@mﬁ‘a| cooling to maintain the

‘reaction nedia tenperature below 36C. Then 7.0 granms (0.049 nole) of
nol ybdenum tri oxi de was added all at once and the
Example 16
10 Into a two-liter four-neck flask were charged 750 grams (0.78 mole) of Canola
oil and 370 grams (01.14 mole) of isododecyloxypropyl-1 ,3-diaminopropane. Under
a nitrogen blanket with stirring, the reaction media were heated to 135°C , and the
temperature was maintained for seven hours. The reaction media were cooled to
room temperature whereupon, under a nitrogen blanket with stirring, was added
15 slowly 46 grams (0.6 mole) of carbon disulfide, which resulted in an exotherm
requiring external cooling to maintain the reaction media temperamre below 36°C.
Then 70 grams (0.49 mole) of molybdenum trioxide was added all at once, and the
temperature was raised to 105°C for 45 minutes, then to 135°C for three hours. The
reaction media were then cooled to 75°C, then filtered through a bed of Celite filter

20 aid to yield a dark reddish-brown liquid.

Example 17

Canola Oil/N-oleyl-1,3-propanediamine
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15 tenperature was raised to 80C for half an hour, then to 125C for one _
hour, followed by raising the tenperature again to 130C for twongoggps The
reaction media were then cooled to 90C, then filtered through a“be 01303
Celite filta¥YOw®ys5283ld a dark reddi sh-brown |iquid. 20 Exanpber/gSeokazva a
two-liter four-neck flask were charged 750 grams (0.78 nole) of Canola oil
and 370 grans (01.14 nol es) of isododecyl oxypropyl -1, 3-di am nopr opane.

Under a nitroge I Tt T g he reaction ia were heated to
130C, and the t grrlr%e?gﬁm%v\%g] e?r%pél{ka‘io%&fﬁ?wd ﬁ? ﬁ’éan%@@g W\ége?fecéé’ﬂaon

medi a were C%ﬁd to ro&ﬁ -30 05 5EP 2003 = WO 00/ 55283 PCT/ US00/ 03911

t enper at ur e® SUpBrams (oidy moley; of Nsglex)-ii3aprepancdiamines t Ynder ngnitrogen added
slowy 46 gram; (0.6 nole) of carbon disulfide, which resulted in an

exot her m r eglanketnyith exirring ahe wodidnmgedia weed hdasddno 1BS°C, ead tthe kmipR flindre
tenperature below 36 C. Then 70 granms (0.49 nole) of nolybdenum trioxide

was added akas afaiaiRd fondink Meuk. TIREREIRH EdtBFert 2bsied hal f
an hour, then to 135 C for three hours. The rea%tion né%fl;bé)}lg\gr e[- err?

cooled to, 7 £ r r . of Celi il.ter,aid to yield a
dark reddi sh- fo%ﬁ% ?fa&u%rﬁ ﬁg%%pq?%ﬁ?%\gﬁggﬁmn& ¥4 9\%&;9 is[ogvrly ?o%ggaﬁ'@ck fl ask
wer e charge rans. (0. 78, Qf Canola oil and 370 grans (01l1.14
mol e) of | sg(béggé‘%‘%x%é%'b% dlgﬁé‘%i%mﬁﬁw&‘ﬁdﬁ@n expibierm reguitingrexgrenalbl anket
with stirring, the reaction nedia were heated to 135C, and the tenperature’
was nai nt ai RRAIINENO e feuresction medissguipeciurebelow 366Ce Tiral 20 giams r oom
t enper at ure whereupon, under a nitrogen bl anket with stirring, was added
(0.049 mole} of molybdenum trioxide was added all at once, and the temperature was
raised to 109°C for half an hour, then to 135°C for three hours. The reaction media

w were then cooled to 70°C., then filtered through a bed of Celite filter aid to yield a

dark reddish-brown liquid.

Example 18
Canola 0il/N-methyi-1,3-propanediamine, similar to Example 13

15 Into a three-liter four-neck flask were charged 1250 grams (1.27 moles) of
canola oil and 166 grams (0.188 mole) of N-methyl-1,3-propanediamine. Under a
niirogen blanket with stirring, the reaction media were heated to 120°C, and the
temperamire was maintained for six hours. The reaction media were cooled to room
temperature whereupon, under a nitrogen blanket with stirring, was added slowly

20 78 grams (1.01 moles) of carbon disulfide, which resulted in an exotherm requiring
external cooling to maintain the reaction media temperature below 36°C. Then
117 grams (0.83 mole) of molybdenum trioxide was added all at once, and the

temperature was raised to 80 to 85°C for half an hour, then to 125°C for one hour.
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is slowmy 46 grans (0.6 nole) of carbon disulfide, which resulted in an
exotherm requiring external cooling to maintain the reaction nedid 5 SEP 2003
tenperature bel ow 36C. Then 70 grans (0.49 nole) of nolybdenum tri oxide
was added al WOALY/35HBe, and the tenperature was raised to 105PCTAB004B91]

m nutes, then to 135C for three hours. The reaction nedia were then cool ed
to 75 C, then filtered through a bed of Celite filter 20 aid to yield a

"31°0' 5 sep 2b0s il BV s AR R0 e bR e el Pk

wer e charge 5 grans. (0.07 Le). of canpla oil and 41 grans (0.117 nol e)
of N-oIeyI-%yg?ﬁg%§%%%&¥%%Fﬁé&%ﬁﬁngwaﬁﬁW@rogen bl anket with stirring, the
reaction nedia were heated to 135C, and the tenperature was nmintained for
nine hours. The reaction nedia were cooled to roomtenperature s whereupon,
under a nitrogen blanket with stirring, was added slowy 4.5 grans (0.058
nol e) of carbon disulfide, which resulted in an exothermrequiring external
cooling to maintain the reaction nmedia tenperature bel ow 36C. Then 7.0
grans (0.049 nole) of nolybdenumtrioxide was added all at once, and the
tenperature was raised to 109C for half an hour, then to 135C for three
hours. The reaction nedia io were then cooled to 70C., then filtered
through a bed of Celite filter aid to yield a dark reddi sh-brown |iquid.
Exanpl e 18 Canola oil /N nethyl -1, 3-propanedi amne, simlar to Exanple 13 is
Into a three-liter four-neck flask were charged 1250 granms (1.27 nol es) of
canola oil and 166 grans (0.188 nole) of N nethyl-1, 3-propanedi am ne. Under
a
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ni trogen bl anket with stirring, the reaction nedia were heated to &30@ fﬂﬁ}d
the tenperature was maintained for six hours. The reaction nedia r P
cooled to room tenperature whereupon, under a nitrogen blanket with
stirring, wa¥alsd3siowly 20 78 grans (1.01 noles) of carbon wiguddbioss;
which resulted in an exothermrequiring external cooling to nmaintain the
reaction nedia tenperature bel ow 36C. Then 117 grans (0.83 nole) of

nol ybdenum tri oxi de was added all at once, and the tenperature was raised
to 80 to 85C for half an hour, then to 125C for one hour. -32 0 5 SEP
2003 WD 00/55283 PCT/ US00/ 0391 | The reaction nmedia were then cooled to
80C, then filtered through a bed of derample 19j | ter aid to yield a dark
reddi sh-brown liquid. 05 SEP 2003 WD 00/ 55283 PCT/ US00/ 03911 Exanpl e 19

Corn oil/ Cctyl/decyl ofosRrey Octyliedylanypropybpardiamiisprapagd M four - neck
flask were charged 69 grans (0.078 nole) of corn oil s and 33 grans (0.114

mol e) of octyl/delmyd Dmmm{irm&ﬁﬂﬁﬂk&m:@%é%g&t@g.g{%%%_gﬁ% n{gr%%roc?%en bl anket

with stirring, the reaction nedia were heat tgﬂb%’ ature

was mai nt ai ngd 3 i i.on medi re cooled to room
t enper at ure wher %rggﬁ?@ﬂgﬁg{‘%% Ojr}\:ilatay E’geﬁ%‘mﬂ%? ! \?én"!lﬁﬁmﬂqplr?ﬁﬁ'?ﬁ-, Undsr added

slowy 4.6 qr ( mole). of carbon disulfide, which resulted in an
exot herm reg{ﬁ?r er?glﬁarﬁ(gt ‘é’%bég’ﬂéﬂg’@Efoquﬁb)“tIBe%iWﬁffah@ﬂlﬁtdﬁ@ F39€t aohtheedi a

tenperature bel ow 36C. Then 70 grans (0.049 nole) of nolybdenumtrioxide
was added al'f™BEraBfc¥as Baiptaing for ainedoatsur Ehanseacticai mediatveerd Q68%ed & rdaal f an
hour, then to 135C for three hours.
temperature whereupon, under a nitrogen blanket with stirring, was added slowly
4.6 grams (0.06 mole) of carbon disulfide, which resulted in an exotherm requiring
10 external cooling to maintain the reaction media temperature below 36°C. Then
70 grams (0.049 mole) of molybdenum trioxide was added all at once, and the |
temperature was raised to 105°C for half an hour, then to 135°C for three hours.

The reaction media were then cooled to 65°C, then filtered through a bed of Celite

filter aid to yield a dark reddish-brown liquid.

Example 20
Canola 0il/N-methyl-1,3-propanediamine/No CS2/ Molybdenum
Into 2 500 mi four-neck flask are charged 350 grams (0.36 mole) of canola oil
and 47 grams (0.54 mole) of N-methyl-1,3-propanediamine. Under a nitrogen
20 blanket with stirring, the reaction media are heated to 117°C, and the temperature is

maimtained for five hours. The reaction product is then cooled to room temperature.
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The reaction nedia were then cooled to 65C, then filtered through g Egc% 8f
Celite filter aid to yield a dark reddi sh-brown |iquid. 15 Exanpl ¢ 526 200
Canol a oi | / N-met hyl - 1, 3- propanedi am ne/ No CS2/ Ml ybdenumInto a 500 m
four-neck fMWRWHB charged 350 grams (0.36 nmole) of canol a BFF/USAHEEoLY
grans (0.54 nole) of N-nethyl-1,3-propanedi am ne. Under a nitrogen 20

bl anket with stirring, the reaction nedia are heated to 117C, and the
tenperature is maintained for five hours. The reaction product is then
cooled to roomtenperature. 0 5 SE P 2003 WD 00/ 55283 PCT/ US00/ 03911
Canmeron-Plint TE77 H.gh Fre .enﬁ.ryﬁtj;:r'.ct'on Machine ., Friction Coefficient
Testing The antifric TBPIA ¢ }bghh?ﬁ%ql}?BGDéFrhcﬁ%M@Hl% oduct in a
fully formulated s lubricating oil were deternmned in the Canmeron Plint
TE77 Friction Test. The fully Hrintwn|CoeHici¢nitestingi ng oils tested contai ned
one wei ght percent of the additive to be tested. The additives were tested

for effectivenesShe anérinowpropehicfbf he Gloeastattioh Pra¥RLBh W R1P Fohaead
conpared to identical fornulations with and without the friction. In Table

1, the nupmepivhinbitSerd ddidtshibéSih :ﬁ@éé&h&%&ﬁﬁﬁ’r@?ﬁ%ﬁ@&oﬁ%&f L@gfﬁfggﬂe o

decreases with anincrease in effectiveness. In I \Wo _ r the
fricti on. - PP hodBdE il ey Eninet n getsht prerae e e #B01YA BitEnt wi th
the Caneron- Plint TE77 H gh Frequency Friction Machine is as follows. 10
m of an oi les¥dnplhe 2deigivenivarentgsted for sHeetiveness ina proseread! atringrasingst chanber
so as to cover a flat, stationary, is hardened ground NSOH BO1 Gauge Pl ate
(RC 60/ 0. 4 tampeoatire phime enpcanparediy identical formulations with and without the
friction. In Table 1, the numerical value of the test results (Coefficient of Friction)
0 decreases with an increase in effectiveness. In other words, the lower the friction
coefficient value, the better the additive is at reducing friction.
The test procedure for determining the friction coefficient with the Cameron-
Plint TE77 High Frequency Friction Machine is as follows. 10 ml of an oil sample
containing the additive is placed in the test chamber so as to cover a flat, stationary,
15 hardened ground NSOH B0l Gauge Plate (RC 60/0.4 micron). A reciprocating
specimen, a 16 mm long nitrided steel dowel pin (6 mm diameter, 60 Rc) is placed on
top of the steel plate under a 50 Newton load, allowed to heat up to 35°C from room
temperature over 10 minutes, and maintained at 35°C for five minutes. Then, with
the 50 Newton load in place, the reciprocation frequency of 5 Hertz is begun with a
20 15 millimeter amplitude stroke length. The temperature is then ramped up to 50°C
over 10 minutes and maintained at 50°C for five minutes. The load is then increased
10 100 Newtons, and the temperature is ramped up to 165°C over one hour. Friction
Coefficient data is collected between 60 to 160°C. The flat specimen is cleaned

between runs with hexanes and #500 emery cloth. A new dowel pin or surface of the
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specinmen, a 16 mmlong nitrided steel dowel pin (6 mmdianeter, 60 Rc) is
pl aced on top of the steel plate under a 50 Newton | oad, all oved ¥ SEh M3
up to 35C fé‘%n room tenperature over 10 mnutes, and mai ntained at 35C for
five mnuteXOMREM3 with the 50 Newton load in place, the reREHISWAIPHN
frequency of 5 Hertz is begun with a 20 15 millinmeter anplitude stroke

| ength. The tenperature is then ranped up to 50C over 10 m nutes and
mai nt ai ned duwedpin it Aked bacd tihd)UAGSferd@ di0R LA ' > id9nedP0
Newt ons, and the tenperature is ranped uE) to 1%{%&%3%%15&%%%%gﬁrr"%%ﬁ?{)cti on
Coef fi ci enty;datgyel t n to 160C. The flat specinmen is

cl eaned between Fusﬁggﬂgtt%ﬁéfzrg%&rigs%g%&néggﬁr%tlﬁ’éer“)?e(9? JPHODEET PERYIESwel pin or
surface of thed glg 05 ,SEP 2003 WD 00/ 55283 PCT/ US00/ 03911 dowel pin is
used each tFREMAPKEIEMIBnce 0il is run alternately between experinental
oils. The same f|lat specinen is used until the reference oil no | onger

provi des repr odid€imoier pdSatmmgatiothiested ian HAE KooV B0l @hdeosbrigihed |s an SAE
| OM 30 grade containing s dispersant, detergent, antioxidant, rust

i nhi bi t ors, dispersamidefergbapy AsisRidant, Q& inibitdr POV ESint ddcesdH: | ®epryaddi ti ve.
Friction nodifier was added as a top treat trrg thl?(gn ‘?@rr?u%’.@gg P 2003 WO
00/ 55283 PGHHHREP! Sa%hliwkabl&idve. BB EL:ERE LIEZ 7, H ah Frequency. Friction
Machi ne Reg;lf'?t s Coeffl ciwent oft%vlf'r'i ctl E)oﬁﬂg@h&li%%\ﬁg? gg‘?f‘?ea,% at&pgr%%(ta ewt . %
600800100038}8_2%4001600 No FM 0.0 0.1250.1280. 1280. 1200. 1150. 100 11.0

' 0.0550. 0450. 048%. 0450. 0450. 043
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21.0 0. 0400. 0400. 0400. 0400. 0400. 040 is20.5 0.0380.0400. 0400. 0380. 0350. 035
20. 3 0.0680. 0400. 0450. 0500. 0450. 040 31.0 0.1150.1160. 1150. 1000. 0768®. SEFS2003
41.0 0.1150. 0900. 0500. 0350. 0300. 035 50.3 0. 1180. 0700. 0550. 0630. 0600. 055
1551. 0 0. 08¥® WH6230390. 0530. 0530. 049 61. 0 0. 1200. 0530. 0330. FIHWPBAENID35
71.0 0.0400. 0470. 0580. 0630. 0550. 043 91. 0 0. 0400. 0380. 0380. 0480. 0470. 038

101. 0 0. 0350. 0330. 0360. 0400. 0350. 035 20111. 0 0. 0290. 0330. 0350. 0368633785835
121.0 0.0330.0 56 K ; 0Q, 0350.,.0480. 082

1405 01200, 1170 11701800 D800 e “Ha Faedo3badb0e MatiioRenigaso o3
zs141.5 0. 0650. 0350. 0280. 0330. 0400. 038 151. 0 0. 0450. 0380. 0400. 0500. 0620. 042
161. 0 0. 0450. 0320. 0350. 0350. 0350. 035 171.0 0. 0600. 0350. 0300. 0330. 0400. 043
181. 0 0. 0350. 0300. 0330, 0560. 0400. 035 30190. 5 0. 0500. 0330. 0350. 0360. 0400. 039
191. 0 0.0280. 0280. 0340. 040eeffigipnt oBErickan Bt Pedmpotntosy °0340. 0450. 0530. 043 20

(No Ma) 1.0 0.1150.1080.1070.1080.1120. 115 CFM2 (No M) 1.0
0. 1150. 11:8(ELdbple 1190.94 200C1 2B0°C  100°C 120°C 140°C 160°C

No FM' 0.0 0.125 0.128 0.128 0.120 0.115 0.100
1 1.0 0.055 0.045 0.040 0.045 0.045 0.043
2 1.0 0.040 0.040 0.040 0.040 0.040 0.040
w 2 0.5 0.038 0.040 0.040 0.038 0.035 0.035
2 0.3 0.068 0.040 0.045 0.050 0.045 0.040
3 1.0 0.115 0.116 0.115 0.100 0.075 0.055
4 1.0 0.115 0.09¢ 0.050 0.035 0.030 0.035
5 0.3 0.118 0.070 0.055 0.063 0.060 0.055
15 5 1.0 0.088 0.030 0.039 0.053 0.053 0.049
6 1.0 0.120 0.053 0.033 0.035 0.038 0.035
7 1.0 0.040 0.047 0.058 0.063 0.055 0.043
9 1.0 0.040 0.038 0.038 0.048 0.047 0.038
10 1.0 0.035 0.033 0.036 0.040 0.035 0.035
n 11 1.0 0.029 0.033 0.035 0.036 0.037 0.035
12 1.0 0.033 0.035 0.056 0.060 0.058 0.043
13 1.0 0.280 0.035 0.048 0.062 0.063 0.050
14 0.5 0.120 06.117 0.117 0.100 0.080 0.065
14 1.0 0.098 0.035 0.030 0.030 0.035 0.032
» 14 1.5 0.065 0.035 0.028 0.033 0.040 0.038
15 1.0 0.045 0.038 0.040 0.050 0.062 0.042
16 1.0 0.045 0.032 0.035 0.035 0.035 0.035
17 1.0 0.060 0.035 0.030 0.033 0.040 0.043
18 1.0 0.035 0.030 0.033 0.056 0.040 0.035
n 19 0.5 0.050 0.033 0.035 0.036 0.040 0.039
19 1.0 0.028 0.028 0.03¢ 0.040 0.037 0.035
19 1.5 0.030 0.03 0.034 0.045 0.053 0.043

20 (No Mo) 1.0 0.115 0.108 0.107 0.108 0.112 0.115
CFM’ (NoMoy 1.0 0.115 0.118 0.115 0.115 0.121 0.121
a5
' The reference oil is a fully formulated 10W-30 gasoline crank case motor oil
containing no friction modifier.

? CFM is an ashless commercially available friction modifier based upon a mixture of
s0 fatry acid amides, glycero! esters, and glycerol.
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35 E The reference oil is a fully fornulated | OM30 gasol i ne crank case
motor oil containing no friction nodifier. 2 CFMis an ashl ess 05 SEP 2003
commercially available friction nodifier based upon a m xture of 40 fatty
aci d am des WQP8/%8Bb|l esters, and glycerol. 0 5 S EP 2003 WO POI/E508B911
PCT/ USO0/ 03911 Fal ex Four-Ball Antiwear Testing The antiwear properties of
the novel reaction product in a fully fornulated |ubricating oil were

determned in the Four-Ball %#’ﬁﬁ_’gfmp 'iju;eQFTgﬁil;lM D 4172 s test

conditions. The fully fornul ricating oOll's ¥sted al so contained one

wei ght percent c ne .hydroperoxide to help simulate the environnment within
a running engi nggg ‘f‘ﬂ'éwéﬂcﬁf IS (gf&%nw&%&n%pm&mté&ai oy darmulsied wo not or

oil formulations (See description in Table 2) and conpared to identical
f or nul at i onSIbTFAtME@iY Were eeaminechip the FouriBall Wdad Testiumderodp 8T™M D #17T2bl e 3,
the nunerical value of the test results w (Average Wear Scar D aneter, nm

decr easess wiebdroaditionsr eRtrefully fafiubnéd Mefiesing dRbRedilsSARIRY &R Wogrr O |
For mul ati ons Fornul ati on Awt . %-or nul ati on Bwt . % 15Sol vent Neutr al

1008al ance Splrvait cublRiit ilirob&aRk 30 Ge1p SRR tbNeif RnehPORAIRY Hisingheut ral

15060 Succinim de D spefsant 7.5Succinim spersan aded

Cal ci unOver based | ci,m 20Phena t ent 2. OSul fonate Detergent2.0

Rust/Corros?n(%nel’nﬁﬁ Ff@l}wﬁ %ﬁﬁ;}?s}%o%(?g?%wef’?ﬁﬁi”bf“{%mfoé oil formuldtions
(See description in Table 2) and compared to identical formulations with and without

any zinc dialkyldithiophosphate, In Table 3, the numerical value of the test results

w (Average Wear Scar Diameter, mm) decreases with an increase in effectiveness.

Table 2: SAE 10W-30 Motor Qil Formulations

Formulation A wt. % Formulation B wt. %

15
Solvent Neutral 100 Balance Solvent Neutral 100 Balance
Solvent Neutral 150 60 Solvent Neutral 150 60
Succinimide Dispersant 7.5 Succinimide Dispersant 7.5
Overbased Calcium ' Overbased Calcium

20 Phenate Detergent 2.0 Sulfonate Detergent 2.0
Rust/Corrosion Inhibitor 0.6 Rust/Corrosion Inhibitor 0.6
Antioxidant 0.5 Antioxidant 0.5
Pour Point Depressant 0.1 Pour Point Depressant 0.1
OCP VI Improver 3.5 OCP VI Improver 5.5

25 Antiwear Additive’ 1.0 Antiwear Additive 1.0

' In the case of No antiwear additive in Table 3, solvent neutral 100 is put in its place
at 1.0 weight percent. The formulation is treated so that 1 weight percent antiwear
additive is based upon 100 percent active material. For the examples in Tables 3 and

a0 4 with zinc dialkyldithiophosphate (ZDDP), the ZDDP is the antiwear additive in
these cases.
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Ant i oxi dant 0. 5Anti oxi dant 0.5 Pour Poi nt Depressant 0. 1Pour Poi nt
Depressant0.1 OCP VI Inprover5.50CP VI |nprover5.5 asAntiwear 0% SEP 2003
Additive' 1. 0Anti wear Additivel.0 30 ' In the case of No antiwear additive
in Tabl e 3, ¥OIWEM83neutral 100 is put inits place at 1.0 VRCHBSO@SSLent .
The formulation is treated so that | weight percent antiwear additive is
based upon 100 percent active material. For the exanples in Tables 3 and 4
wi th zinc dial kyl dithi ophosphate (ZDDP), the ZDDP is the antiwear additive
in these cases. 0 5 S E P,}ng V {9/ 52r€§ ﬁ’ / US00/ 03911 Tabl e 3: Fal ex
Four-Ball War Results Exa : ' SDi ameter, mm No
antiwear additive A 0.93 Zinc dialkyldithi ophosphate A 0.46 1 A 0.55 2 A
0.71 to 4 Aws A 0.57 7 AF—“’Q&%M A 0.49 1Wesk Soor Dianikfer,JdimA 0. 77

5

No antiwear additive A 0.93
Zinc dialkyldithiophosphate A 0.46
1 A 0.55
2 A 0.71
w 4 A 0.54
5 A 0.57
7 A 0.64
9 A 0.49
10 A 0.74
15 11 A 0.77
12 A 0.64
13 A 0.46
14 A 0.60
15 A 0.57
20 16 A 0.68
19 A 0.59
No antiwear additive B 0.98
Zinc dialkyldithiophosphate B 0.53
1 B 0.57
% 2 B 0.56
3 B 0.55
5 B 0.65
6 B 0.76
7 B 0.44
o 9 B 0.61
10 B 0.59
11 B 0.73
12 B 0.66
13 B 0.58
35 14 B 0.61
15 B 0.46
16 B 0.65
19 B 0.54

40

Cameron-Plint TE77 High Frequency Friction Machine Antiwear Testing
The antiwear properties of the additives of this invention in a fully formulated
lubricating oil were determined in the Four—Ball Wear test under the ASTM D 4172
a5 test conditions. The specimen parts (6 mm diameter AISI 52100 steel ball of 800

-30.




12 A0.64 13 A0.46 14 A0.60 15 A 0.57 20 16 A 0.68 19 A 0.59
antiwear additive B 0.98 Zinc dialkyldithi ophosphate B 0.53 1 EI35(5E810@5
2 B0.56 3B0.55 5B0.65 6BO0.76 7 BO0.44 30 9 B0.61 10 B 0.59 11
B 0.73 12 BYO086852833 B 0.58 35 14 B 0.61 15 B 0.46 16 B 0. #ET/UFG0/B501 54
40 Caneron-Plint TE77 H gh Frequency Friction Machine Antiwear Testing The
antiwear properties of the additives of this inventionin a fully

formul ated 29 xe/mm? hardness and hardened ground NSOH B01 gauge plate of RC 60/0.4

10

15

micron) were rinsed and then sonicated for 15 minutes with technical grade hexanes.
This procedure is repeated with isopropyl alcohol. The specimens were dried with
nitrogen and set into the TE77. The oil bath was filled with 10 ml of sample. The
test was run at a 30 Hertz Frequency, 100 Newton Load, 2.35 mm Amplitude. The
test started with the specimens and oil at room temperature. Immediately, the
temperature was ramped over 15 minutés to S0°C, where it dwelled for 15 minutes.
The temperature was then ramped over 15 minutes to 100°C, where it dwelled at
100°C for 45 minutes. A third temperature ramp over 15 minutes to 150°C was
followed by a fina] dwell at 150°C for 15 minutes. The total length of the test was
two hours. At the end of the test, the wear scar diameter on the 6 mm ball was
measured using a Leica StereoZoom6® Stereomicroscope and a Mitutoyo 164 series
Digimatic Head. The fully formulated lubricating oils tested contained one weight
percent cumene hydroperoxide to help simulate the environment within a running
engine. The additives were tested for effectiveness in two motor oil formuiations (see
formulation descriptions in Table 2) and compared to identical formulations with and
without any zinc dialkyldithiophosphate. In Table 4, the numerical value of the test

results (Wear Scar Diameter, mm) decreases with an increase in effectiveness.
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| ubricating oil were determned in the Four-Ball War test under 65; ggﬁ'd\ﬂ D
4172 ~-is test conditions. The specinen parts (6 nmm di aneter Al S| £

steel ball @B ﬁg% -39 0 5 SEP 2003 WO 00/55283 PCT/ US00/ 03911 20 kg/ nmR
har dness andP%P&hed ground NSOH BO1 gauge plate of RC 60/ 0 PETUMPM
were rinsed and then sonicated for 15 mnutes wth technical grade hexanes.
This procedure is repeated with isopropyl al cohol. The speci nens, were
dried with nitrogen and set into the TE77. The oil bath was filled with 10
m of sanplle. The s test was run at a_J30 Hertz Frequency, 100 Newron joad,
2.35 mm Anglitude. The test started TAPbls 4 he speci nens and oil at ropm
temperaturd. | peaisPlint Th o7 Highdgiegpeney FrictiomMashine Wiean Besniltsut es| t o
50C, wherelit dwelled for 15 mnutes. The tenperature was then ranped over

15 mnutes [to 100 whirelt dwelTed_ at TOoOC for (45 mnuates. A tmrd
t enper at ut d_ranp PP i nutles t o HOIORIANRE | u f dI Weredcas\Diametnanmdlwel |
at 150C for| 1 ] : tofal length of the tgst was hours. JAt the
end of the It ni‘{q‘{e&%\f\gg\%@r‘ar di anet er n the 6 mm ball V\g neasur ed
using a Leijca Sterepggont(r) Sereom crgscope andfa Mtutoygc164 seriles
Di gi matic HeaghpHagnidshbdknker nul ated lubyicating dils testgg contained one
wei ght perice ene - opefroxi.de to help similiate the \gironr’mnt
withinary The additives were tedqted for gfihectiveness in
two motor dil formulations (see fornulation descriptions yp,Table 2)| and
conpar ed t d—-geptiea H—H—1 g —t-h—and———wi-t hHuI any zLnc
di al kyl did i ophosphaze. In Tabj e 4, the sunerical [val ue ofglshge test
results (Wgar Scar Di aneter, nun) decreases with gn increaggyin
ef fecti vengss—6—5—SEP2663—s—16
4 A 0.64
9 A 0.62
14 A 0.64
16 A 0.61
15 19 A 0.63
A 0.55
No antiwear additive B 0.67
B 0.67
Zinc B 0.54
dialkyldithiophosphate B 0.54
1 B 0.66
20 9 B 0.43
B 0.57
14 B 0.65
16 B 0.62
25 ‘ Four-Ball Extreme Pressure Testing

The extreme pressure (EP) properties of the additives of this invention in a
lubricating oil were determined in the Four-Ball Weld Test under the ASTM D 2783

test conditions. The additives were blended into an ISO 46 Grade Group 11 base oil
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T L—————S
15 20 25 WD 00/ 55283 PCT/ US00/ 03911 Table 4 Caneron-Pli nt TE 77 H gh
Frequency Friction Machi ne Wear Results Exanpl eFor nul ati onWear Sc8d SEP 2003
D anmeter, mm No antiwear additiveAO.66 Zinc A 0.46
di al kyl di t hi WiShans3seest eA0. 46 1A 0.57 AO. 44 2A 0.58 AO. 37 4A0. 64 HAGs08R3011
14A0. 64 16A0.61 19A 0.63 A0.55

(Chevron RLOP 240 R) at the weight percents cited in Tabie 5. The higher the Load

Wear Index and the higher the Weld Point, the better the resuit.

Table 5: Four-Ball Extreme Pressure Test Results

s Examples Wt.% Qil Weld Point (Kg) Load Wear Index
No Extreme Pressure Additive 0 1SO 46 100 16.8
14 1 ISO 46 . 126 25.9

10

Pressure Differential Scanning Calorimetry (PDSQC) Testing

The Pressure Differential Scanning Calorimetry (PDSC) data in Table 7 are a

measure of the oxidation induction time (OIT) of each blend. The PDSC conditions

15 are in Table 6. All formulations were blended at 65°C for 15 minutes under a
nitrogen atmosphere. The PDSC method employs a steel bomb under pressure, the
catalyst is oil-soluble iron derived from iron napththanate. At the start of a run, the
PDSC cell is initially heated at a rate of 40°C/min to the isothermal temperature
listed in each results table. The induction time is measured from the time the sample

20 reaches its isothermal temperature until the enthalpy change is observed. The longer
the oxidation induction time, the better the oxidation stability of the oil. The PSDC
instrument used is 2 Mettler DSC27HP manufactured by Mettler-Toledo, Inc. The
test has a repeatability of +2.5 minutes with 95 percent confidence for OIT's less
than 100 min. Each data point is the average of two runs on a single test blend.

28 The results in Table 7 demonstrate the unexpected stability imparted to the oil
compositions by the addition of the molybdenum thiocarbamy! derivatives of this
mmvention, particularly in combination with ZDDP and alkylated diphenylamine

antioxidants.
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1B0. 66 9B 0.43 B0.57 14B0.65 16B0. 62 Four-Ball Extrenme Pressure Te

extrene pressure (EP) properties of the additives of this invention in a

| ubri cati ngWR 9938 determined in the Four-Ball Weld Test uREEUSPHEONSTM D
2783 test conditions. The additives were blended into an | SO 46 G ade

G oup n base oil -41 05 SEP 1003 WD 00/55283 PCT/ US00/ 0391 (Chevron RLCP

240 R) at the weight percent sygiitgd ﬁ%@%@ﬁam&%ﬁs higher the Load Wear
| ndex and the higher the Wl o1 nt, € petter € result. Table 5:

No antiwear additiveB 0.67 B0.67 Zinc B 0.54 dial kyl di t hi ophosphat ggm
| e

Four - Bal | E?%;eterre Pressure Test Res s Exanples W.% Q1 Wl d Point {Kg)
Load Wear | X No Extrene Pressure tive 0 1SO 46 100 16.8 14 1 | SO 46
126 25.9 s Temperature Variable (see data tables)
O, Gas Pressure 500 psi
Flow Through Cell 100 ml/min.
Catalyst ' 50 ppm Iron
Sample Holder Open Aluminum Pan
10 Sample Size 3 mg
Induction Time Enthalpy Change
Table 7: PDSC Oxidation Stability Test Results
15 in PCMO SAE 10W-30 Formulation
Wt. % Wt. %
Example Formulation Example ZDDP’ OIT, min
20
9 B! 0.50 1.0 105.2
9 B! 0.50 0.0 03.1
14 B! 0.50 1.0 116.5
14 B' 0.50 0.0 89.6
35 No Friciion Modifier B! 0.0 1.0 62.2
No Friction Modifier B! 0.0 0.0 15.3
No Friction Modifier C3 0.0 1.0 10.7

' Formula B plus given weight percent of example (friction modifier) in place of base
w oil. Antiwear additive in Formula B is 1.0 or 0.0 weight percent ZDDP, when
ZDDP is 0.0 weight percent the balance is made up with base oil.
? Zinc dialkyldithiophosphate
* Formula B without ashless antioxidant
35 In view of the many changes and modifications that can be made without
departing from principles underlying the invention, reference should be made to the

appended claims for an understanding of the scope of the protection to be afforded the

invention.
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to Pressure Differential Scanning Calorinmetry WSO Testing The Pressure
Differential Scanning Calorinetry (PDSC) data in Table 7 are a rregﬁtﬁep @63
the oxidation induction tine (OT) of each blend. The PDSC conditi ons'*" 1
are in Table 6. Al formulations were blended at 65 C for 15 m nutes under
a nitrogen atnosphere. The PDSC net hod enpl oys a steel bonb under pressure,
the catalyst is oil-soluble iron derived fromiron napththanate. At the
start of a run, the PDSC cell is i@i i bly heated at a rate of 400/ mn to
the isothermal tenperature |listed ineach results table. The induction
time is neasured fromthe tine the sanple 211 reaches its isothernal

t enper at UP82UStS3ImERES ent hal py change is observed. The |onger the

oxi dation induction time, the better the oxidation stability of the oil.
The PSDC instrument used is a Mettler DSC27HP manuf actured by
Mettler-Toledo, Inc. The test has a repeatability of 2.5 mnutes with 95

percent confi dgngeridathg glEﬂ@ili'\*@§§ﬂ)pﬁ£‘ﬁ%WhéQQ&Cﬂi)lﬂ rdgd&iprdat a point is the
average of two runs ona single test blend. 25 The results in Table 7

denonstrate the unexpected siabili i [t to the oil conpositions by
the addition of thearfr%qs%,gaaé%dh% S[ah’lrtg)%%r%%aﬁla%%éri vatives of this invention,

particularly in conbination with ZDDP and al kyl at ed di phenyl am ne
anti oxi dants. R-42 oxdiammexfohe (896 55283 Tabl e 6: Test 5 Tenperature OZ
Gas Pressure Flow Through Cell :

/Rs\ /Rm\ /Ra
H N NR W

C. carbon disulfide, and
d. a molybdenum compound selected from the eroup consisting of molyhdic acid,
ammonium molybdate, MoOCI,, MoQ,Br,, MoQ;, and the thic analogues of the
foregning,
wherein R, is an alky] group of 8 to 24 carbon atoms, R, and R,, are independently
selected aliphatic or aromatic moieties, W is oxygen, sulfur, or -CH,- and wherein (a) is first
reacted with (b) to form a first reaction product, the first reaction product is then reacted with
(c) to form a second reaction product, and the second reaction product is then reacted with (d)

to form the final reaction product.

2. The additive of claim 1 wherein Ryand R, are alkylene.

3. The addnive of claim 1 wherein Ryand R, are propylene.




Catal yst Sanple Holder rn Sanple Size Induction Tinme is PDSC Test
Parameters PDSC Vari able (see data tables) 500 psi 100 m/m n. SOnd)g)ry
Iron Open Al unminum Pan 3 ng Enthal py Change Table 7: PDSC Oxi datio EP 2003
Stability Test Results in PCMO SAE | OM 30 Formul ati on PCT/ US00/ 03931
ExampleW.% W.% O T, mn Fornul ation Exanple ZDDP2 20 9B' 0.501. 0105. 2

9B" 0. 500. 093.1 14B 0.501. 0116.5 14B' 0. 500. 089. 6

4. (Deleted)
5. The additive of claim 1 wherein W is oxygen.

0. The additive of claim 1 wherein the diamine is used in a2 concentration of

about 10 weight percent to about 70 weight percent.
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25No Friction ModifierB 0.01.062.2 No Friction MdifierB 0.00.015.3 No
Friction MdifierC30.01.010.7 ' Formula B plus given wei ght percenp Qif@
exanple (friction nodifier) in place of base 30 oil. Antiwear add 15i 0w
Formula Bis 1.0 or 0.0 weight percent ZDDP, when ZDDP is 0.0 wei ght
percent the balance is made up with base oil. 2 Zinc

di al kyl di t hi ophosphate 3 Fornmula B without ashless antioxidant 35 In view

of the many @Tﬁ%@@ﬁvé‘%@'_cﬁ?ﬂilfcjoﬁﬁﬁtriisfﬂgﬁhéB@fybﬁélﬂmpﬁorﬂﬁaﬁ}d% hout departing

fromprinciples underlying the Invention, ‘reference sho be nmade to the
appended cl ains for .an rstandi.ng.af the scope of the protection to be
af f or de§CP¢f&T 4 8{1?1108115%%%%%0‘%(:15"%6@%965&?% What is clained is 1. A

| ubricating oil additive conprising the reaction product of a. an
unsaturated or saturated ester or acid, b. a diamne of the formula: I--,"'
RO-"" /R)o" -1-11 Re H2N NH Wc. carbon disulfide, and d. a nol ybdenum

conpound. sel ddicaddftivet thén drohpein asaisint ngiaf inodrywedi feoraci d,  ammoni um
nol ybdat e4 MoOCl 4, MoO2Br2, Mo(@3, and the thio anal ogues of the foregoing

wher ei N oB1/dec B8y - 108-81RiRfpr&ahe iddheEAERRANoRIATE-didRAndREpdREO ar e.
i ndependent |y
1sododecyloxypropyl-1,3-diaminopropane; dodecyl/tetradecyloxypropyl-1,3-
diaminopropane; isotridecyloxypropyl-1,3-diaminopropane; tetradecyloxypropyl-1,3-

diaminopropane; N-coco-1,3-diaminopropanes; N-tallow-1,3-diaminopropanes or

N-oleyl-1,3-diaminopropane.

9. The additive of claim 1 wherein the unsaturated or saturated ester is vegetable
oil.
10. A lubricating composition comprising a lubricating oil and an additive

comprising the reaction product of

a. an unsaturated or saturated ester or acid,
b. a diamine of the formula:
/ RP\ /R‘.l o\ /Ra
H,N NH W
C. carbon disulfide, and
d. a molybdenum compound selected from the group consisting of molybdic acid,

ammonium molybdate, MoOCl,, MoQ,Br,, MoO,, and the thio analogues of the

foregcoing,




selected aliphatic or aromatic noieties, Wis oxygen, sulfur, or -CH2- and
wherein (a) is first reacted with (b) to forma first reaction product,
the first reaction product is then reacted with (c) to form seco@%sgp%w3
reaction product} and the second reaction product is then reacted with (d)
to formthe final reaction product. 2. The additive of claiml| wherein RO
and RIO are al kylene. 3. The additive of claiml1l wherein R, and R10 are
propyl ene. 44 05 SEP 2003 4. (Deleted) 5. The additive of claiml wherein
Wis oxygen. 6. The additive of claim1l wherein the diamne is used in a
concentratigon_of about 10 wei ght percent to about 70 wei ght percent. 0 5
SEP 2003hpreimiks inguiatsw 8T of] ai ftd corprepdiongiarhe Ryshg Riesraindepapdentiy i n a
concentration of about 0.01 to about 15 wei ght percent. 8. The additive of
cl ai m 1seibaediliphdie @raroman® ireberics SWOE loby@ch, KHIAM or -CH,- and wherein (a) is first
octyl /decyl oxypropyl - 1, 3- di am nopr opane; )

i sodecy r I+ i and X . . _ )
isodode%%%%@fg?%g@ﬁpi?gbgﬁgﬁfﬁ%%?o RQP“H%ﬁé¥$PF?EPP&“%%%§F&QVbF@S—FFﬁ¢3-

di am nopr.opane; isotrjdecyl oxypropy 1-1, 3-di am nopropane; tetrad )

ecyl oxyE@dE?Pf-ﬂi AFECNGIFAHEPY BTEHE; AN bssecond TeastiaRprUYELY dpassreacted with (d)
N-tall ow I, 3-di am nopropanes or N-oleyl- 1,3-diam nopropane. 9. The

addi tive ﬂLHF iﬂ%hx@@ﬁ%ﬂ%ﬂm&ﬁﬁ unsaturated or saturated ester is vegetable
10. A lubrica I ng conposi tron conprising a lubricating oil and an additive
conprising the reaction product of a. an unsaturated or saturated ester or
aci d,
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b. a diamne of the formula: Ro\ RIO e N/ N 1H c. carbon disulfide, and d_
a mol ybdenum conpound sel ected fromthe group consisting of nolybdic acid,
amoni um nol ybdatel MOC 4, MbO2Br2, MO, 3, and the thio anal ogues bj SEF\QU[]}
foregoing, -45 05 S E P 2003 whereln RR is an alkyl group of . 8 to .
carbon atons, RO and R10 are independently selected aliphatic or aronatlc
noi eti es, Wis oxygen, sulfur, or -CH - and wherein (a) is first reacted

W th (b) te;fornng J(ddgtﬁie dreash R0 wRERGER and! alfe'arn%hc eaction product is

then reacted with to forma second eact’? on-p uCt and the second
reaction product is then reacted with (d) to forn1the flnal reaction
product. 0 5 SE P 2003 11. The additive of claim 10 wherein RO and R10 are
al kyl ene. 12. The additive of claim 10 wherein RO and R10 are propyl ene.
13. (Del et é4) 14 hemdditviergicdiim Khwoérenl Bjand ), ategmrepyiend/i s oxygen. 15. The
conposition of claim10 wherein the diamne is used in a concentration of
about 10 wei ght percent to about 70 wei ght percent. 16. The conposition of
claim 10 conprising the nol ybdenum conpound in a concentration of about
0.01 to abeyt 13pagigHt percent. 17. The conposition of claim10 wherein
the amne noiety is rived from octyl/decyl oxypropyl -1, 3-di am nopr opane;
i sodecyl oxypropyl - 1, 3-di am nopr opane;

i sododecyl oxypropyl - 1, 3-di am nopropane; dodecyl/tetrad ecyl oxypropyl -1, 3-

14, The co.mposilion of claim 10 wherein W is oxygen,

15. The composition of claim 10 wherein the diamine is used in a concentration of

about 10 weight percent to about 70 weight percent.

16. The composition of claim 10 comprising the molybdenum compound in a

concentration of about 0.01 to about 15 weight percent.

17. The composition of claim 10 wherein the amine moiety is derived from
octyl/decyloxypropyl-1,3-diaminopropane; isodecyloxypropyi-1,3-diaminopropane;
isododecyloxypropyl-1,3-diaminopropane; dodecy]ftetradccy]oxyprqpy!-] ,3-
diamninopropane; isotridecyloxypropyl-1,3-diaminopropane; tetradecyloxypropyl-1,3-
diarminopropane; N-coco-1,3-diaminopropanes; N-tallow-1,3-diaminopropanes or

N-oleyl-1,3-diamincpropane.

18. The composition of claim 10 wherein the vnsaturated or saturated ester is

vegetable oil.
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di am nopropane; isotridecyl oxypropyl -1, 3-di am nopr opane;

tetradecyl oxypropyl -1, 3- di am nopropane; N Coco- 1, 3-di ami nopr opanesf 5 SEP 2003
N-tal l ow 1, 3-di am nopropanes or N-oleyl-1, 3-di am nopropane. 18. The
conposi ti onW8 0¥35383n 10 Wherein the unsaturated or sat ur at edPEEUSPO/(3E)
vegetable oil. -46 0 5 S E P 2003 WD 00155283 PCT/ US00/ 03911 19. The
conposition of claim10 further conprising at | east one additive selected
formthe gioup f cor 5|on/r t

{ nhi bi tors, 2l nc°md.°2“ﬂk"$%.°?mfgkﬁﬁigﬁﬁfﬁﬁe§ o BB SREE o IR SR

ant i oxi danﬁ !hender ed g‘ ant i o i dants, sul fur cont ai ni ng, h| nder ed
phenol i c antid ogo{ﬂ'tl%co lPgrc’lf Eaerﬁﬁl”égﬁ RET2ENtS), FRIAPSIOMIUESInhIP|OTSrgiGver s, and

pour point depressants.
dlalkydnhlophosphates secondary aromatic amine antioxidants, hindered phenolic

antioxidants, sulfur-containing hindered phenolic antioxidants, sulfurized olefins,

s thiadiazoles, VI improvers, and pour point depressants.
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