12 January 2007 REDUCED COLOR MOLYBDENUM CONTAI NI NG COVMPCSI TION AND A
METHOD OF MAKI NG-SAME BACKGROUND OF I NVENTION 5 Field OHZUPﬁz%gfﬁﬂﬁion
Thi.s invention relates to the manufacture and conposition o Y ricating
oil additives, particularly to nol ybdenum containing conpositions. 10
Background Conpositions of nolybdic acid and oil sol ubl e basic nitrogen
contai ning compou y o]
control oxidation anl'r'l 9&&9@%@?%’3‘?@%@@? sﬂm@dngwﬁélbrﬁaﬁ

di scovery, ' such conpl.exes havANDbAMETHOB QF MAIKING SAME ne | ubricating oil
~additives in autonotive and diesel crankcase oils and as an additive in
“sone two-cycle oils to prevent valve sticking. Cenerally, these conpounds
are added to a detergent packagrACREROUNDEGIVENTIONI ne |ubricating oils.
20 Conpl exes. of nol ybdic acid and oil sol ubl'e basic nitrogen contai ning
conmpounds ar® normal Iy made with an organic solvent during a nol ybdenum

cont ai ni ng conposition conpl exati OnF%Ic?&-thJ@[eﬁﬁHH:” exation step can be
~foll.owed by a sulfurization step as disclosed | ing et al., U S Patent
25 No.- 4,263,152, which is herein incorporated by reference. Related King

et al., US. : el ' . ce.

After sul furi zgﬁ.{g%et %nsél%%%gogglléﬁ%@sfggtra% %@&éﬁ%@feﬁ%}@?rkg@ﬁé §E These
-conposi tions aradditves uparticidaratoomolybdeminpicentdining eonjdd@onssi ng an ASTM 30 -
D1500 or Aﬁ'ﬂ\/l D6045 colorinetric test. Since low color lubricating oils are
hi ghly desired in the marketpl ace, these dark conpositions can only be used
in limted doses because of the i npact Badigyyoundve on the finished oil color.
1 : : ’

Compositions of molybdic acid and oil soluble basic nitrogen containing
compounds have been used as {ubricating oil additives to control oxidation
15 and wear of engine components. Since their.discovery, such complexes have
~ been widely used as engine lubricating oil additives in automotive and diesel
crankcase oils and as an additive in some two-cycle oils to prevent valve
sticking. Generally, these compounds are added to a detergent backage that
is added to engine lubricating oils. |
20
Complexes of molybdic acid and oil soluble basic nitrogen containing
compounds are normally made with an organic solvent during a molybdenum-
‘ cohtaining composition complexation step. The compiekafion step can be
followed by a sulfurization step as disclosed in King et al., U.S. Patent
25 No. 4,263,152, which is herein incorporated by reference. Related King et al.,
U.S. Patent No. 4,272,387, is also incorporated by reference.

After sulfurization, these compositions are extremely dark in color. These
compositions are measured at about 5 triple dilute (DDD)'using an ASTM
30  D1500 or ASTM D6045 colorimetric test. Since low color lubricating oils are
'- highly desired in the marketplace, these dark compositions can only be used
in limited doses because of the irhpact they have on the finished oil color.




- 12 January 2007 Oher related references are: Gatto et al., U S Patent
No. 5,650,381, disclose |lubricating conpositions that CQEtJQhrﬁr&
active sulfur free soluble nolybdenum conpound; and (b) an ol ubI e

secondary diaryl amne; Gatto, U S Patent No. 5,840,672, discloses an

anti oxi dant sysOtherfrelatédieférenté® 8red Gatd & aPN9S bh@ﬂf&hétssb '1U&§ao£eea> a

secondary di aryl %%lf' a_sulfurized olefin or su urlze
phenol ; and (c) ug’HC%f Rsitonsthat eantain é2) avractive sulfur-foemsalible ng
ol ybdenum ConpRidldeAnd c@ﬁ{ﬁd@;nﬁt aﬁ(lj bJOH&SOF égu%’b?%ﬂ’t‘?ﬁfy@m'g? 2%3@){' | scl ose

| ubricants contai n| n? (a) nol nmpounds

' reactive sul furd Qﬁﬁ& C(@:)O%Ban)dnamrdm systb!ﬁn WW&@%!ITHE
| NVENTI ON [ s¢ o] 0 nt ens
oi | -sol ubl e nol yb emﬂﬂr?}?]ggrr'l e{ﬁ%uﬁﬁés@rﬂo%e f('a)as'i "ﬂe‘BP gﬁss for ~

preparing a | overauifutizedhinderietyphemol; ﬂad|(¢)lﬁnﬁ)llfﬁélaﬂl@|6ﬁ$ﬁﬁurﬁ@@bﬁétﬂftﬁ-g
conposition co tagigg “ﬁ}{(’a reacting an acjdic nolybdenum conpound or salt
thereof and a @8 alygdenunncen ds@?@:?téﬁ Mﬁn?ﬁ?@@t Yeoup

consi sting of ﬁsmm dfistRBe lgbﬁmbérﬁaﬁﬁ@ga@ﬂbgﬁaemﬂﬁsp unéfé

nonoani nes, % poI yam nes, Mann oam des,
t hi ophosphonam Rfdapetive S'ﬂfﬂé;ﬁb)rlﬂ@natesl ambéz)tc&aryladmes i mprovers,

and m xtur ¢8 thereof to form a nol ybdenum conpl ex 25 wherein the
tenperature of the reactlon i's mal nt ai ned at or below about 120C, and (b)

subj ecting the product of (a) THEINVENTIONNg or sul furization

step.or both, wherein the terrperature of the reaction mxture in the 30
stripping or sulfurization step is maintained at or bel ow about 120C far a

peri od of - ti mDiselb$éctis @rotessporqrepkringra ioivico®e! ubl e ol ybdenum cont ai ni ng
- conposi tion hayingA ARk MO AN denum-containing composition comprising: |
15
A process for preparing a low color intensity, oil-solubl_e tﬁolybdenum
containing composition comprising:

- (a) reacting an acidic molybdenum combound or salt ihereof_and a
207 1 basic nitrogen compound selected from the group consisting of
succinimides, carboxylic acid amides, hydrocarbyl monoamlnes
hydrocarbon polyammes Mannich bases, phosphonoamides,
thlophosphonamldes, phosphoramldes, dispersant viscosity index
improvers, and mixtures thereof, to form a molybdenum complex
25 - wherein the temperature of the reaction is mamtalned at orbelow
about 120°C; and

{b) subjecting the product of (a) to af least one stripping or sulfurization
- step or both, wherein the temperature of the reaction mixture in the
30 o stripping or sulfurization step is maintained at or below about
120°C for a period of time sufficient to brovide an oil-soluble
molybdenum containing composition having an absorbance
intensity of less than 0.7 at a wavelength of 360 nanometers as -




intensity of less than 0.7 at a wavel ength of 350 nanoneters as 2 12

January 2007 neasured in a one centineter path-length qyar }n.a UVv-
Vi si bl e spectrophotoneter by diluting the nol ybdenum conﬁai%ﬁ%ﬁﬁbbo.}
conposition with isooctane to a constant nol ybdenum concentration of

0. 00025 grans of nol ybdewssureyiny I'rge?e | | Y, gontai ni ng
conposition. Disclosed further is ‘ﬁlaeé%]rt'o ucrﬁ)agl# !aéé‘ re &ﬂgn%;[%gess of
the invention descri beliS#tespectiaphataroetar bytiluting thie melybdepemtcontaitihg

present invention provi %P&E%@%ﬁ%&g{m?{tgﬁ%@h%m '2'913{5‘%(:0' or intensity;

oi | - sol ubl e nol ybdenum cont ai ni ng conposi "'ﬂ? reacting an
" aci di ¢ nmol ybdenum conpoeengediratien of 0.0e025draarcof adigisichufi pérafiam sfappound

selected fr t he groupy; | St of sugcci.nimdes, . 15 carboxylic acid
ami des, hyd?g]ca‘r byl non%‘g’%&fl@wbﬁgaﬂr"?}&&Pf?aﬂﬂg porpesiioes, Manni ch bases,
phosphonoam des, thi ophosphonam des, phosphoram des, dispersant viscosity
index inprovers, and m xtures thereof, to forma nol ybdenum conpl ex
wherein the tenPEslased dudhert ise the eseduchrpreparedi by dhe grioadssoof e dweatiout

120C; and 20 b)geudlibad hgdvag the resulting product of step (a) at a
"tenperature at or below 120C and wherein the sulfur to nol ybdenum atom c
ratiois less than 0.1:1 for a period of time sufficient to provide an

Pt onei by of |1 AESHIRER SR AUl (62 PRRBh o g8 Srorise v ooess 4o Arenesinged
in a one 25 cen®{eeQlpr iptenbity, eihgolobiguaaiyiticnai cdnféirﬂnéJ(VonYﬂ)ééitB'necomtprising: h
t

spectrophotoneter by diluting the nmol ybdenum cont ai ni ng conposition®w
i sooctane to a constant nol ybdenum concentration of 0.00025 grans of

ol ybdenum per gr arlofeadiag dnlasidid mulybyelen canpetid bR ADURAIBR SR o Hikic 30 A
- second aspect of the i gyRALh BmBoM desy Romine :cs;rofugrcogsris%ﬁlgrc;f ggcc?nimict):lve\als,c otor
' 15 | carboxylic acid amides, hydrocarbyl monoamines, hydrocarbon
polyamines, Mannich bases, phosphonoamides, thiophosphonamides,
phosphoramides, dispersant viscosity index improvers, and mixtures
thereof, to form a molybdenum complex wherein the .temperature of the
~ reaction is maintained at or below about 1 20°C; and

20 :
b)  sulfurizing the resulting product of step (a) ata témperature at or below
120°C and wherein the sulfur to molybdenum atomic ratio is less than
0.7:1 for a period of time sufficient to provide an oil-soluble
molybdenum containing composition having an absorbance intensity of
25. less than 0.7 at a wavelength of 350 nanometers as measured in a one

~ centimeter path-length quartz cell in a UV-Visible spectrophotometer by
diluting the molybdenum containing composition with isooctane to a
constant molybdenum concentration of 0.00025 grams of molybdenum
per gram of the diluted molybdenum cbntaining composition.

30 A second aspect of the invention provides a process for préparing a low color
- intensity, oil-soluble molybdenum containing composition comprising:

q) reapting an acidic molybdenum compound or salt thereof and a basic

3




intensity, oil-soluble nolybdenum containing conposition corrpri sing: a)
reacting an aci dic nol ybdenum conpound or salt thereof a L%??b&()? 3 12
January 2007 nitrogen conpound selected fromthe group con3| S

succi ni m des, carboxylic acid am des, hydrocarbyl nonoam nes, hydr ocar bon
pol yam nes, Manni ch bases, phosphonoam’ des, thiophosphonam des

phosphor ani des, dlmmsanmpwmdteﬂ frogane gtdfprcﬁﬂﬁétﬁlg ond mi xtures

t her eof , toforma nnlx_lgfenu | e wherein th rﬁggrature of the
reaction is mainta fied o?a %ﬁy cid ggr|des Bydrocy yI PSS t he product
of (a) at a tenperhgtitacarbah pollyarlni%;bavmahﬁldﬁ bés?e@qahos@n@hda}n@eéfurl zing the

*resul ting product tur e ow and, wherein the sul fur
to nol ybdenum at oﬁ%pt}oa?f’ Oﬁp&]"g ‘?LS P'Spf“’fﬁa"ta‘"?fé’ﬂ%@g% time

sufficient to prownpevers, and m&&lreﬁ)ﬂheremltyb@fﬁwmolybeéﬁm Bd)rﬁgleQOWDOSI tion

h bsorb th 0.7 ngth of 350
nanonet ors s meablPil e GnpatienliRepaton i rrRnal RSPl cel | i n a

- UV-Visibl e spectrapbuiti@i®,er by diluting the nolybdenum containing
conposition wth isooctane to a constant nolybdenum concentration of

0. 00025 grans of nol ybdenum per gram of the diluted nolybdenum cont ai ni ng
conposi tion. A)hstrigpiag e prodficttdiga) avanémperafire st debelbebpuddREC; pr epar ed
by the process of {ue first aspect. A fourth aspect of the invention

provi des the product prepared by the process of the second aspect. A fifth
aspect of the invention provides a |ubricating oil conposition conprising

Podott. ancor bRt e AR el R it SopHBH L e
provides a | ubri cmd wherein the aupiarsiot molybdemag iasonig ratio is less than 0.1:1
for a period of time sufficient to provide an oil-soluble molybdenum
containing composition having an absorbance intensity of less than 0.7
at a wavelength of 350 nanometers as measured in a one centimeter
path-tength quartz cell in a UV-Visible spectrophotometer by diluting
the molybdenum containing composition with isooctane to a constant
molybdenum concentration of 0.00025 grams of molybdenum per gram
of the diluted molybdenum containing composition.

" A third aspect of the invention provides the product prepared by the process of the
-first aspect.

A fourth aspect of the invention provides the product prepared by the process of
the second aspect.

A fifth aspect pf the invention provides a lubricating oil composition comprising an
oil of lubricating viscosity and from 0.05 to 15% by weight of the product according
~ to the third aspect. '

A sixth éspect of t he invention provides a lubricating oil composition comprising
an oil of lubricating viscosity and frpm 0.05 to 15% by weight of the product
according to the fourth aspect.
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an oil of lubricating viscosity and fromO0.05 to 15% by wei ght of the

product according to the fourth aspect. 3a 12 January 2QQ7.. ri%ﬁ@ﬁth
aspect of the invention provides oil lubricating oil concentrat

conposition conprising an oil of lubricating viscosity and from 15 to 90%
wei ght of the product according to the third aspect. An ei ghth aspect of
the invention provides a lubricating oil concentrate conposition
conprising an oil of lubricating viscosity and from15 to 90% by wei ght of

bresont prot BBl it Mg ARG BEPSF Loridtod R Egnciimtsol v e T
* ol ybdenumoopesitiom cogpisimpars oil oOnbietipg ivisessity(aad froa@ s td90% Rvedght @f C

nol ybdenu .salt, thereof gand a basic nitrogen conpound selected
fromthe gﬁ%ﬁ@g%&cg{df@g‘%‘?e @“'srﬂ&?Pﬁ‘%m des, carboxylic acid am des, )

hydr ocar byl nonoam nes, hydrocarbon pol yam nes, Mnni ch bases,

phosphori . , i osphonam des, _phosphoram des,  dj spersant viscosity
. index i n%?ﬂ%/'glﬁgasg(% Ofn@'gt'ﬁ‘%@goq R%Orvo%ﬁaplygrn?agp%o CRRAPEAEN UM conpl ex
wher ei n t lsempesifien e¢ropresirgf art bieofrlebridation vissosityiantidionets &t 90% bbel ow about
120C. (b) strhitgﬁ}]ng the product of (a) at a tenperature at or bel ow about
120C; and ‘{78 NP BIoAYFRGCeraiBs febaifeyh@spedduct at a tenperature at or
bel ow 120C and wherein the sulfur to nol ybdenum nolar ratio is about 1:1
- or less for a period of tinme sufficient to provide.an Oil-Eﬁl ubl e

mol ybdenurk 8dHeteried eintoskpent theoienantinfacent fabspaang 8 oW s0isi ty of |ess
pat h- | engl Kol R o e By il uting the.
nol ybdenum cofa)ai féasting anapidid mplyhdenum coppound ae salbthereef; t ol ybdenum
' " basic nitrogen compound selected from the group oonsistingj of i
_succinimidés. carboxylic acid amides, hydrocarbyl monoamines,
hydrocarbon polyamines, Mannich bases, phosphofioaniides,
thiophosphonamides, phosphoramides, dispersant viscosity index
improvers, and mixtures thereof, to form a molybdenum complex
] wherein the temperature of the reaction is maintained at or below

about 120°C;

(b) stripping the product of (a) at a temperature at or below about
120°C; and

(c) sulfurizing the resulting product at a temperature at or below_ 120°C

and wherein the sulfur to molybdenum molar ratio is about 1:1 or

“less for a period of time sufficient to provide an oil-sotuble
mdlybdenum containing composition having an absorbance
intensity of less than 0.7 at a wavelength of 350 nanometers as
“measured in a one centimeter path-length quartz cell in a UV-
Visible spectrophotometer by diluting the tholybdenum containing"
composition with isooctane to a constant molybdenum
concentration of 0.00025 grams. of fﬁolybdenum per gram of the
diluted molybdenum containirig composition.

3b




concentration of 0.00025 grans. of nolybdenum per gramof the diluted

nol ybdenum cont ai ni ng conposition, 3b 12 January 2007 Aqgtﬁbgggbga7

di scl osed is the product prepared by the above-described prefterre process
of the invention. 5 Moreover, disclosed is a lubricating oil conposition

~and a lubricating oil concentrate containing the product prepared by the

process of the invention. A new nethod has now been discovered in which a
| ow color intensity nolybdenum containing conmposition nmay be manufactured

with or w thoutAdditionally disgBéd isS MeVsrotucti
Oy disg isS PleVisratiuct i flepdred IBS/Qﬁ@'&BSVé)B%&?L\Sg%gP#ﬁfeSd new

pronoter, and at rocess t erature. that does not excee
" process al so i é?‘gec?géj?&ﬁ 'n}%ﬁ'}iggnal sul furization step that is carried out

at tenperatures |less than 120C. The product nade by this process is |ight
erties, has good oxidation

in color, e ig%r ood.frlictional [ Op _ _
i nhibition, an g%% Farfisciosss: et f'U*FffFéﬁ'&%.°"1§0mmtler|£m®lzmwmm GHl THE
| NVENTI ON The swhéentiatecormainiigsie protiaese apby BEgR I CRELRIHY iRfnfGRPOSI ti on

~of the present invention may be generally characterized as containing a 20

nol ybdenum or mLsul fur conplex of a basic nitrogen conpound. The
exact mol ecul a%b%‘?ﬂﬁ%og?'a?ﬂ«gwrﬂﬂeﬁ' il ¢h f vscaler intgnsityi nvent i on

i s not known V\A'mdilybwmmh-@bufaiqu;&jfﬁ ifoH e i i to
contai n cogpounds_i.n vYni ch, rTBI y denﬂgns] vvhogg va 'ﬁltgégéqﬂ%rdg&lﬁ]s%ﬁﬁ@@\e(%ﬂm th
atoms of oxygef"#HU SPIvent inthe brasesice iof an @grppusRi@msfer, and ahe pRicesal t of |

one or nore ni tErABEANRE :p([%i jofnl n containi ng conpound used
in the prepar atigﬁ?gf tﬂ@@%ﬁ%@%i |g;152.6| EI:he W%B@ﬁﬁﬁ? @%Hﬂ%‘gﬁ sed to
prepare the nDPQMSWurmatlommlepugadﬁathdfout aqempléﬂatdregﬁes@,ftt&arhhzo‘]c.bd

t : t
I nvention-are gk g@@%ﬁ&%% proce%%'??ﬁé’h”ﬂﬁ color, exhibits %oog Frictional > o

- conpounds. By aci

properties, has good oxidation inhibition, and good anti-wear performance.
15 '

DETAILED DESCRIPTION OF THE INVENTION

The sulfurized or unsulfurized molybdenum-containing composition of the
_ present invention may be generally characterized as containing a
20  molybdenum or molybdenum/sulfur complex of a basic nitrogen compound.

The exact molecular formula of the molybdenum compositions -of this.'
invention is not known with certainty; however, such compositions are
believed to contain compounds_ in which moiybde.num, v;hose valences are
satisfied with atoms of oxygen and/or sulfur, is either complexed by, or the

25  salt of, one or more nitrogen atoms of the basic nitrogen containing compound
ysed in 'the preparation,of these compositions. '

The molybdenum compounds used to prepare the molybdenum, or
molybdenum/sulfur compositions of this inventidn are acidic molybdenum
30 compounds or salts of acidic molybdenum compounds. By acidic is meant
' that the molybdenum compounds will react with a basic nifrogen compound in
-~ Which the basicity of the basic nitrogen compound can be determined by

4




that the mol ybdenum conpounds will react with a basic nitrogen conpound in

whi ch the basicity of the basic nitrogen conpound can be ngaﬁ %HTby 4 12
January 2007 ASTMtest D664 or the D2896 titration procedure yp| cally

t hese nol ybdenum conpounds are hexaval-ent and are represented by the _
follow ng conpositions: nolybdic oxide, nolybdic acid, ammoni um nol ybdate,

sodi um nol ybdaASTMRIsBDE64 6t fiel DYiudat S ]ﬁﬁéd al nol ybdat es
“and 5 ot her nol ybdenum sal ts tsl'%ch as tﬁf/aélrég en nge&i' ItS}eth%é(éjrogen sodi um
mol ybdat e, lybgsopn rOQmHWEdB@mlemﬂkebﬂammetnepmsedem thierfollawing

ol ybd 2"2%?32%@ B R, IR b e o eRR 3R ©

nol ybdat es. Parmplybiatel polassitier melgbdatesmhy mther atkaline metdl nidigbdites andi t rogen

oot o g Bl AR AR SRR b s BB kg i cr by
oi | -sol ubl e. Theolybdate, Mooor.gmnoéommmd)soﬁ ﬁolyoab@mn tF‘é)@d@ Iﬁ‘ﬁn'@éf’up

~consi sting of suc in car boxyl,ic _ac am des, hydr ocar

nonoam nes, b(@ F’H{E(P‘%BP ndgm Fretefred asidic NOIﬁH%MBﬁQWDQ@BdS

thi ophosphor amaigsnolptktﬁ@ 8188 ALHBSIC i Bﬁ{n’%&ﬁ&m\fhafﬁhﬁdté Yand élﬁiéi?émb@?r overs.
and nixtures thereof. These basic nitrogen-contain ounds "ar e
descri bed bel O\H'?'K’é@?ﬁﬁgpﬁﬂlcmaﬁﬂPfﬂfmﬁféﬁdnoh{bﬂlomxmat each nmust have at

| east one hgsic nitrogen). Any of the nitrogen-containing 20 conposi tions -
may be post-treated with, e.g., boron, using procedures well known in the
art so | ong- as Thedasimmitregan mpmmdtusmddotpmepmatlm molybdésunmysulfogen. These

post -t r eat ment ble to _succini. Manni ch
base conpositi %ﬁ@{p%ﬁgﬂ%hﬁﬂ{ c'it%'f]ﬁ%g'&" PRPTLS %ﬂﬁ‘gﬁa b l’%@“l‘%&%%ﬁwrbe
.used to prepar ozaos Iirm Ippéfdmblyr’dllssdltiblé Q’h&b@&ictmtﬂfg%n%ﬁfdduhéq‘s 5&leelen are
~ disclosed in n references and .are well known in the art. Certain
f undanent al gr group consisting of succinimides, carboxylic acid amides,

1 5 hydrocarbyl monoamines, hydrocarbon polyamines, Mannich bases,
phosphoramides, thiophosphoramides, bhosphonamides, dispersant viscosity
index improvers, and mixtures thereof. These basic nitrogen-containing
compounds are described below (keeping in mind the reservation that each
must have at least one basic nitrogen). Any of the nitrogen-containing

20  compositions may be post-treated with, e.g., boron, using procedures well
known in the art so long as the compositions continue to contain basic
mtrogen These post-treatments are parttcularly apphcable to succinimides -

and Mannich base composmons

25 The succinimides and polysuccinimides that can be used to prepare the
molybdenum/sulfur compositions described herein are disclosed in numerous
_references and are well known in the art. Certain fundamental types of
. succinimides and the related materials encompassed by the term of art
"succinimide” are taught in U.S. Pat. Nos. 3,219,666, 3,172,892; and
30 © 3,272,746, the disclosures of which are hereby incorporated by reference.
 The term "succinimide" is understood in the art to include many of the amide,
imide, and amidine species which may also be formed. The predominant

product, however, is a succinimide and this term has been generally accepted




succinimdes and the related materials enconpassed by the term of art
succinimde" are taught in U S. Pat. Nos. 3,219, 666; 3, 1 @

3,272,746, the disclosures of which are hereby incorporat ed r¥e rence
The term "succinimde"” is understood in the art to include many of the
am de, imde, and am dine species which may also be formed. The

predom nant p Ia@dﬂ@énln%ﬂmﬂuct'oﬁ aeB6HoH dfian éi?erﬁ}'l‘ﬁ'uﬁéﬁhﬁe& §uéeur§i@§c|9 or"

general ly accepted 5 Januyary 2007 as neani ng 't he product a reaction
of an al kenyl §ubﬂﬂ%w@aam&9mr@%nm@pmp9h dPreferred swcainimides,

ni t rogen- cont ab@bé\i‘s&ﬁ'fﬁé’ii"@&nnﬁr&éﬁé\faﬁgbl rlhggéjﬁfccmz@ﬁfé?ﬁ%a%dt hei r

“commercial availability, are ose SUCCI repare
hydr ocar byl suffema bydiesadyl MClmmenlwdmd'ehwhelyedrthezhytjgdcagnd)gmupS cont ai ns

f bout 24 nd t h d

et hyl one- ard ne SORATRron 3ofE 6 LeRP 350 RO Rers AL B Vna A

di ethyl ene tri aa:drmhy!emeammesrtmmgaesmﬁaﬂychaﬁctemédmby@wmlamnée and

~ hi gher m)lecu ar i\erb‘?q@ﬁ (famnes FI cularly preferred are
those succi ni HEHACTS Waging %}T%B%ntemf ¥iaee PRNEMinmaRdiighest 70

to 128 10 car bmlm Wm@éﬁ%@m@sp%mﬂﬁ;ﬁéfe%afa%tmbecu' ar

wei ght pol yethyl ene_am nes or m xtures of | ene am nes such t hat

the average nefcsimides prepared flom H@Yﬁpklﬂtﬁﬂﬂ ﬁUS‘}C'al@cﬂmYdO@ okl Q torik28t her eof .
Al'so incl d of a 15
hydr ocar b?suﬁ?g??tdarﬁ?gﬁgséﬁfnhydr|é3'6 an meaérg‘%/szggdggary anélilte cont ai ni ng

at |east one t m!vethylﬁnararmeam mixgures ofpelyethylene amingsxsuahrthatthe secondary

Average ol cod g rbtqeud Ao TR LA TR mEiad oS PR s 0a by

-reacting polylsobutenyl succi ni ¢ anhydri de and et hyl ene di pi perazi ne. 20

- Carboxylic aci e, compaunds, arg al sQ syi “table starting materials for
preparing. the'ﬂﬁ gﬂﬁﬁﬁ?’ ﬂ?ﬂ HleRLrHrumae) are tiernsligonss @ ¢ hi s

i nventi on.15Ty m;@%cavbyl%ucﬁnﬁmyahse bh@%%cﬂvsé%lﬂfﬁ'? ahiind-boatailRy-
at least one tertiary amino nitrogen in addition to two or more secondary
amino groups. Ordinarily, this composition has between 1,500 and 50,000
average molecular weight. A typical compound would be that prepared by
. reacting polyisobutenyl succinic anhydride and Iethylene dipiperazine.
20 '
| Carboxylic acid amide compounds are also suitable starting materials for
preparing the molybdenum or mol-yb,denumlsu_lfur compositions of this
invention. Typical of such compounds are those disclosed in U.S. Pat.
No. 3,405,064, the disciosure of which is hereby incorporated by reference.
25 These compounds are ordinarily prépared by reacting a carboxylic acid or
anhydride or ester thereof, having at least 12 to about 350 aliphatic carbon
.atoms in the principal aliphatic chain and, if desired, having sufficient pendant
aliphatic groups to render the molecule oil soluble with an amine or a
hydrocarby! polyaminé. such as an ethylene amine, to give a mono or
30 polycarboxylic acid amide. Preferred are those amid.es prepared from (1) a
~ carboxylic acid of the formuta R2COOH, where R? is G12.50 alkyl or a mixture of
this acid with a polyisobutenyl carboxylic acid in which the polyisobutenyl
group contains from 72 to 128 carbon atoms and (2) an ethylene amine,




No. 3,405,064, the disclosure of which is hereby incorporated by reference.

25 These conpounds are ordinarily prepared by reacting a gggp€ Ib acid or
anhydride or ester thereof, having at |east 12 to about § a.%%ﬁa I C
carbon atons in the principal aliphatic chain and, if desired, having
sufficient pendant aliphatic groups to render the nolecule oil soluble

with an am ne %sgéciaﬂ?’&fe%ﬁé fetr%ﬁ{iﬂc%f?t@ﬁ%etﬁﬂgﬁe ?@n@%'ﬁé B}’Hﬁﬂ@re@m ne, to
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prepared from (thgregf. carboxylic acid of the fornmula R 2CO0H, where R2 i s’
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-or (9. 200 al ky/3ghrepyibne diansihd et 2qropyidiRidiantin, Antethdgikyde or fornal dehyde
precursor such as parafornmal dehyde, and an am ne conpound. The am ne nay

be a nono or polyani ne and typical conmpounds are prepared froman 20
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Mannich base compounds. These compounds are prepared from a phenol or |
Ca.200 alkylphenol, an aldehyde, such as formaldehyde or formaldehyde
precursor such as paraformaldehyde, and an amine compound. The amine
may be a mono or polyamine and typical compbunds are prepared from an
20‘ alkylamine, such as methylamine or an ethylene amine, such as, diethylene
triamine, or tetraethylene pentamine, and the like. The phenolic material may
be sulfurized and preferably is dodecylphenol! or a Cago.100 alkylphenol. Typical
Mannich bases which can be used in this invention are disclosed in U.S. Pat.
Nos. 4,157,309 and 3,649,229; 3,368,972, and 3,539,663, the disclosures of
25  which are hereby incorporated by reference. The last referenced patent
discloses Mannich bases prepared by reacting an atkyiphenol having at least
. 50 carbon atoms, preferably 50 to 200 carbon atoms with formaldehyde and
‘an alkylene polyamine HN(ANH),H where A is a saturated divalent alkyl
hydrocérbon of 2 to 6 carbon atoms and n is 1-10 and where the
30  condensation product of said alkylene polyamine may be further reacted with
~ urea or thiourea. The utility of these Mannich bases as starting materials for
preparing lubricating oil additives can often be sighiﬁcantly improved by




triamne, or tetraethyl ene pentam ne, and the |ike. The phenolic material
may be sul furized and preferably is dodecyl phenol or a 9?93%9
al kyl phenol . Typiecal Mannich bases which can be used in thrs | ventlon are
disclosed in U S. Pat. Nos. 4,157,309 and 3, 649, 229; 3, 368, 972; and

3,539, 663, the disclosures of 25 which are hereby incorporated by
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where A is a saturated dival ent al kyl = hydrocarbon of 2 to 6 carbon atons
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‘ : pente e, and the Ilke with phosphorus pentasulfide and a nitrogen-containing
compound as defined above, particularly an alkylamine, alkyldiamine,
alkylpolyamine, or an alkyleneamine, such as ethylene diamine,
. diethylenetriamine, triethylenetetramine, tetraefhylénepentamine, and the like.
20 '
" Another class of mtrogen—contalnlng compounds useful in preparing the
molybdenum or molybdenum/suifur compositions of this invention includes the
so-called dispersant wscosnty index improvers (VI improvers). These Vi
improvers are commonly prepared by functionalizing a hydrocarbon polymer,
25  especially a polymer derived from ethylene and/or pr0pylene,'optionally
" containing additional units derived from one or more co-monomers such as
. alicyclic or aliphatic olefins or diolefins. The functionalization may be carried
out by a variety of processes which introduce a reactive site or sites which
usually has at least one oxygen atom on the polymer. ‘The polymér is then
30  contacted with a nitrogen-containing source to ,introduce nitrogen-containing
~ functional groups on the polymer backbone. Commonly used nitrogen
sources include any basic nitrogen compound especially those nitrogen-

containing compounds and compositions described herein. Preferred




al kyl pol yam ne, or an al kyl eneam ne, such as ethyl ene di am ne,
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‘Manni ch bases. Preferred basic nitrogen co use in thrs’invention

are 5 succi ni nPatest Neabd6%@50c aci d ami des, and .Mannich bases. The

preferred qguccininde is prepared froma poI yal kyl ene am ne or m xtures

thereof reacted with a polyisobutenyl succinic-anhydride derived fromthe

reaction of pBepiesoblatiyeé sulfursoutvesdbrepreparingytie nstdytaiendesar i bed in Harrison
yesentative su

et al., 156, 850. 10 r sour es for
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-invention are sulf wionobleriegsutiatdithidade, m!ébﬁhtfrué’@éﬂﬁ&slﬁﬂé 4%S, %!:Hei'élR
di chl or| de, ph.o oru entasyl fide, R2SX whe
ydrocarbyl, preferably C.40 alkyl, and x is at Ieast 2, inorganic sulfides and
15  polysulfides such as.(NH;) 2Sx, where x is at least 1, thioacetamide, th:ourea,
' and mercaptans of the formula RSH where R is as defined above. Also useful
as sulfurizing agents are traditional sulfur-containing antioxidants such as wax
sulfides and pplysulﬁdes, sulfurized olefins, sulfurized carboxylic and esters
and sulfurized ester-olefins, and sulfurized alkylphenols and the metal salts

20 thereof.

The sulfurized fatty acid esters are prepared by reacting sulfur, sulfur
monochloride, and/or sulfur dichloride with an unsaturated fatty ester under
elevated temperatures. Typical esters include Cy-Cyp alkyl esters of Cg-Cas
unsaturated fatty acids, such as palmitbleic, oleic, ricinoleic, petroselinic,
25  vaccenic, linoleic, linolenic, oleostearic, licanic, pafanaric, taririé.-gadoleic.
~arachidonic, cetoleic, etc. Parﬁqularly good results have been obtained with
o mixed unsaturated fatty acid esters, such as are obtained from animal fats
and veg‘etable oils, such as tall oil, linseed oil, olive ofl, castor oil, peanut oil,
rape oil, fish oil, sperm oil, and so forth. | |




I's hydrocarbyl, preferably Cl-40 alkyl, and x is at least 2, inorganic
sul fides and 15 pol ysul fi des such as (NH4) 2Sx, where x i gﬁ%i‘ ag) 1,
t'hi oacet am de, thiourea, and nercaptans of the fornula Fl Wheré R is as
defined above. Al so useful as sulfurizing agents are traditional

sul fur-contai ni ng anti oxi dants such as wax sulfides and pol ysul fides,

sul furized ol ef Examplan fiatly egteds inahidedsiiytaliate, resthgl dleatendtiglibieats, e/l
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monochl ori de, astdérate, sintifaliyl diyetrides. de Wi th an unsaturated fatty ester

“under elevated tenperatures. Typical esters include Cl-C20 al kyl esters of
C8-C24 unsaturated fatty acids, such as palmtoleic, oleic, ricinoleic,

petroselini & 25osasamiized ddtétUiSis, shémad 83lNurizBl RaRiupS b éy—b%sﬁéf‘n% |
I articularly

paranaric, tariric adoleic, arachidonic, cetoleic, etc.

. gada( ;
good results hawith itz aciskrsiersad Gu-Oas fally asids and £ Canliv! onalkenyeloghelst er s,

such as are obtyhaefihs A ARABaAPi oBdh KRRLARLE Hdyaicd tEadl, 2

oil, linseed oil, i've ol castor ol T, péanu _ h oil,
spermoil, and so forth. 9 12 January 2007 Exenplary fatty esters include

| | tallate, . hyl ol | | | ol ,
cotyl 11 nol oat SUTPEEN ofBFFERR: prEhmed 5 B3irSgqind phecbs Bl EMMaC e s
al'kyl gl ycd0i denoleculsk-weightpolfolefiz ddrvst thereion Witlsa sefeéhcaitaiingul f uri zed

m xture of Cl0-C25 olefins wth fatty acid esters of Cm C25 fatty acids
and Cl-C25 al kwnmouaﬁ r%léfthlﬁs av'%lﬂhﬁ'i?' ir m%?éh@ﬂae-twquaﬁmfyf dichigrided/ or t he

al cohol is'unsaturated nay al so be used. Sulfurized olefins are prepared
by the reaction of the C3-C6 olefin or a |ow 10 nol ecul ar-weiLght pol yol efin

~derived t her ef AR YsafW ate §in aromatisrand alkv gulfidesysucinas dirsmzussullide; ur, * sul f ur
A kyl sl 1 des YRR, sttt selfdet bifBrafielha sifdt dhd BofshitlgrtaadBly © nd
sul fi de, dilpar aaxiolefimsulidasfandbsaafadthp dThey whh ibd@repared by drebfingdhe sthhin
sulfides and S?ngtgﬁél,he.grla@ﬁn%%ny Bﬁsaﬂﬁ%?@tf gc()jm;l))a/untdg;,e \%itﬂ'!l leﬂ}rbgul?l}rart 'ng
monochloride, and suifur dichloride. Particularly preferred are the paraffin
wax thiomers described in U.S. Pat. No. 2,346,156.

20  Sulfurized alkyl phenols and the metal salts thereof include compounds such
- as sulfurized dodecylphenol and the calcium salts thereof. The alkyl group
ordinarily coﬁtain‘s from 9-300 carbon atoms. The metal salt may be
preferably, a Group [ or Group |l salt, especially sodium, calcium, magnesium,
: or barium.
25 '
Preferred sulfur sources are sulfur, hydrogen sulfide, phosphorus
‘ ‘ pentasulfide, RS, where R is hydrocarbyl, preferably C4-C1¢ alky!, and x is at
least 3, mercaptans wherein R is C4-Cyq alkyl, inorganic sulfides -ahd
polysulfides, thioacetamide, and thiourea. Most preferred sulfur sources are
30  sulfur, hydrogen sulfide, phosphorus pentasulfide, and inorgénic sulfides and
~ polysulfides. '
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material, e.g., olefinically unsaturated compounds, with sul fur, sulfur

monochl oride, and sul fur dichloride. Particularly preferr ﬁxrg .
paraffin wax thiomers described in U S. Pat. No. 2, 346, fgga gﬁﬁ urized

al kyl phenols and the netal salts thereof include conpounds such as
sul furized dodecyl phenol and the calciumsalts thereof. The al kyl group

ordi narily conThé pélar hesmtePGSedin'the prépapation offike Aidenahtormay be
preferably, a Goup | or Goup Il salt, especiall cal.ci um

) ; y sodi u |
magnesi um  or mehtbdgryumésilfpr earapesitipns af dhjs '@GU’F%?%WQ'E}'ﬁﬁ“!tatl??&*ﬂ%gen

sul fide, phos iorPE&tve ' ' preferably
* C1-C10 al Il[<)yl , pggéﬁgtloi s at éﬁgiiﬁiﬁlgb&nm\%ﬁ{ ng&mﬁgggﬁbéﬁ?ghg‘g—e&o al kyl ,

i norgani ¢ sul f erepountt Apdde variety absychtpromeatess ard well kaown toihese skilled/bst

f d | f . | , i .
bent asul 11 oo,  HS R PRI oy 1.0, RERERR:, 7 blERe RITERGES, 157
The pol ar prolr?lyem!, bustglccallosotbe, m?mgﬁpeaglyomi, Q?THMQMIM%mybﬁarbiﬁ?I{t t

| ybd n r _conpositions . of, S ijaventjon is one | acilitates
he it or et oendaTES, deia ey BYERbRRo kAP en g Y . nrt  ogen
conpound. A W fdgmdmide; Nemethys dedtaimidddirRéthylaicetatRitic, mamanol, etiylsiiee skil | ed

5inthe art. Typical pronoters are 1, 3-propanedial, 1,4-butane-diol, .
di et hyl ene gl 9iken!; dimethyl selfaxide; bpmewwﬁmseheragm%dpf,rahxdmfy[ﬁn/waqheg| ycol

met hyl carqyy t Qlater €PRFSRER B \Ratef BRY Bﬁ@@r%[q%r%l aﬁﬁhﬁ)‘ik{pgéefﬁﬁgé'iho' -ami ne,

di rethyl formam de, N-nethyl acetam thyl aceta met hanol ,
et hyl ene gl yosdterdi net hyl sul foxi de, hexamet hyl phosphorami de,
tetrahydrofuran and 10 water. Preferred are water and ethyl ene glycol.
-Particularly preferred is water. Wile ordinarily the polar pronoter is
- separat el y adddbile ordireily treqidlampromoteris separatelyegddeiddo therqactisrnt
particularly 'nr'l]ix%ur}g, i '%Sa?( a?go l\z‘l\éa})r%rsem? ?Jalgﬂcularly in the case of water, as a

15  component of non-anhydrous starting materials or as waters of hydration in

the acidic molybdenum compound, such as (NHs)sMo7024-4 H2O. Water may

also be added as ammonium hydroxide.

A method for preparing the molybdenum or moi'ybdenum/sulfur compositions
20 of-this invention involves preparing a mixture of the molybdenum compound
 anda polar promoter with a basic nitrogen-containing compound with or
without diluent. The diluent is used, if necessary, to provide a suitable
viscosity for easy stirring. Typical diluents are lubricating oil and liquid
compounds containing only carbon and hydrogen. If desired, ammonium

25 hydroxide may also be added to the reaction mixture to provide a-solution of
ammonium molybdate. In this improved molybdenum-containi.ng composition
~_reaction, a basic nitrogen compound (e.g., a succinimidé), neutral oil, and
- water are charged to the reactor. The reactor is agitated and heated at a
temperature less than or equal to about 120°C, preferably erm about 70°C to
30 about 90°C. Molybdic oxide is then charged to the reactor and the
| témperature is maintained at a temperature less than or equal to about 120°C,

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

11




15 conponent of non-anhydrous starting materials or as waters of hydration

in the acidic nolybdenum conpound, such as (NH4) 6Mb7024. 14‘12 %0 %P

al so be added as amoni um hydroxi de. A method for prepari ngat gbdenum
or nol ybdenun sul fur conpositions 20 of this invention involves preparing
a m xture of the nol ybdenum conpound and a polar pronmoter with a basic

ni t rogen- cont alr@adstedccmeqémlommke@rrthu%iémgttyﬂédllwmhe r’éhgl o 6f fro@dbol used,

i f necessary, to provide a suitable viscosity folf eas rring. Typical:
diluents are | @oleiabout AQ heprs Wmf%@bluff%ﬂb@ﬂﬁd@ &b@ﬁi/'é@ howrg. onl y car bon
and hydrogen I f desired, ammonium 25 hydroxi de may al so be added to the
"reaction mxture to provide a solution of ammonium nol ybdate. In this

i nproved nol ybdepisally excassiwaigr issemoved from theeeattioomixturdaBRemonak r ogen

‘compound (egg and Ler ar cha ed to t he
reactor. Th% re%t% 8&]@?15@&%:[)[%2%"9'? h{'%g e@cﬁlfmé"St 9ra’f' Han or
equal to about Mﬂ@@ﬁalnmmm@trﬁdibmpbraimaadﬂ’ahé rééberta! a&@n‘@bfamre%& thﬁmdrbdl c
oxide is then charﬂfe)d to 5 rea nd the erature i s maintai ned at

a tenperature EAUIPRLQUE Bfe er@ egqg@out *erteaRpilORC. abKut 70C to
about  90C, unt @mpdratireldhAg Mth?pﬁb'ﬁédésgrg hé(idja%a'tém'géﬁ’ture'less]tﬁaﬂ puary

2007 reacted. The reaction tine Is step Ist e range of
from about 2 equalide@bogD12BGrte mmmammedowm;orimemfwlﬁue ﬁlotybdabmnt 10

hours. Typigal ved from act n mxture. Renoval
5 met hods’ J‘Q]d é%ntgmfgsédrﬁﬁésgﬁoq s '"?B'y\f@&'ﬁffr?ﬁ "E"ﬁ?” 8%\ PESSHI®: r ogen
stripping whi The peéssues may@d:’e&ué&tﬂiﬁﬁeﬂiéﬂt@llﬁb dvbRrl probBrehiwitd foaming.
tenperature le an, ot ual to about ]I'Q referably between a out 70C
to about 90C. 'ﬁ%f hPé#?ﬁE?‘AP g8 rephade they naate@rleew"veaﬂedoptat a
“tenperature | efss al fEHbdUT abBGLE th BbSRCHRour3 YrdiReRRIbN ﬁbﬁn bt bgswnCO' or

intensity of the nmol ybdenum 10 contai ni ng conposi ti on. IS or arily
carried out.undfqut ®d pressure. The pressure may be reduced

incrementajgy to avoid problenms wth foan ng.

‘Optionally, the reaction mixture may be further reacted with a sulfur source as
defined above, at a suitable pressure and temperature not to exceed 120 °C.
The sulfurization step is typically carried out for a period of from about 0.5 to
about 5 hours and preferably from about 0.5 to about 2 hours. In some cases,

20 ~ removal of the polar promoter from the reaction mixture méy be desirable
prior to completion of reaction with the sulfur source.

In the reaction mixture, the retio of molybdenum compound to basic nitrogen
~compound is not critical, however, as the amount of molybdenum with respect
25  to basic nitrogen increases, the filtration of the product becomes more difficuit.
Since the molybdenum component probably oligomerizes, it is advantageous
.to add as much molybdenum as can easily be maintained in the composition.
- Usually, the reaction mixture will have charged to it from 0.01 to 2.00 atoms of
molybdenum per basic nitrogen atom. Preferably from 0.4 to 1.0, and most
30  preferably from 0.4 to 0.7, atoms of molybdenum per atom of basic nitrogen is
* added fo the reaction mixture.
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After the desired pressure is reached, the stripping step is typically
carried out for a period of about 0.5 to about 5 hours alaqja réaf %mly from
about 0.5 to about 2 hours. 15 Optionally, the reaction X e be
further reacted with a sulfur source as defined above, at a suitable
pressure and tenperature not to exceed 120 C. The sulfurization step is

typical ly carriHf sulliur 5Qtirca iP@sudM cﬁérﬁfaa%rtrféﬁ%%ﬁ& ;'ﬂi:&.ﬂg iﬁg%{ vatiqyr s and
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conpl etion of r@f“éidn%f%lﬁf?gb?gtoa%fﬁ%lx;ﬁ(?éﬁuﬁ?' In the reaction mxture, the
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however, as'the amount of nolybdenumw th respect 25 to basic nitrogen
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t he ,reaction m'txtur(g WiHhShave harged toit fromO0.,01 to 2. atonms of

mol ybdenum per ‘bAdilesPt thgqipmatesis Fiesentaesnde of alybdanym. 1.0, and nost 30
preferably from0.4 to 0.7, atons of nol ybdenum per atom of basic nitrogen
is added to the.reaction mxture. 12 12 January 2007 The sul fur. source is
usual Iy char gedhe&olasef theqpelybdentnmcantaining earapositionawasmeasuredaisingea up to |
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wat er, is ordi His tasy the wisible spectraled maytidenuni cdingositiond arevéeesdeadf af onot er

per nole of no froml1l.0 t nol es of the onoter is
present per m%@ﬁ%g@@ﬁ%@&%%ﬁéso%{%g S8’fvef'ﬂe%f?ﬁ)§@ﬂ?g"@rfﬁme§8ﬂ&§?ni ng

. conposi ti on wasbswbanoeddtensityglotted LersBe tHe wavdlomith ipARsndBrd VFNg si bl e

Doubl e- Beam Spect r. ' the visible spectra of

ophotopeter,. In_ this test \
mol ybdenum ¢ Oﬁ%%cgriafq%ef{gﬂ‘gqrg the ¥isible-tegion info the near infrared region of the
15 electromagnetic radiation (350 nanometers to. 900 nanometers). In this test,
the highly colored samples showed increasingly higher absorbance at

increasingly higher wavelengths at a constant molybdenum concentration.

The preparation of the sample for color measurement comprises diluting the
20 molybdenum-containing composition with isooctane to achieve a constant
" molybdenum concéntration of 0.00025 g molybdenum per gram of the
molybdenum-containing composiﬁon/isooctane mixture. Prior to sample
measurement the spectrophotometer is referenced ”by scahhing air Versus air.
‘The UV visible spectrum from 350 nanometers to 900 nanometers is obtained
. 25 (using a one centimeter path-length quartz cell versus an air reference. The
spectra are offset corrected by sefting the 867 nanometer absorbance to zero.
_Then the absorbance of the sample is determined at 350 nanometers
. wavelength.

30 . The lubricating oil compositions containing the additives of this invention can _
~ be prepared by admixing, by conventional techniques, the appropriate amount
of the molybdenum-containing composition with a lubricating oil. The '

selection of the particular base oil depends on the contemplated application of
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constant concentration in an isooctane solvent. The spectra represent the
absorbance intensity plotted versus the wavel ength in naQQGShﬁégzoa%e‘
spectra extend fromthe visible region into the near infrared regdion of the
15 el ectromagnetic radiation (350 nanoneters to 900 nanoneters). In this
test, the highly colored sanples showed increasingly higher absorbance at

i ncreasi ngly hitd RibricanEasn did sredénce Foftidr aaHitived.y GAABKINY ARE GRdBURBSH ON.
The preparatio e sanple for color neasurenment conprises diluting the

of t
20 ol ybdenum%‘ﬁf‘!ﬂ' depuahsianinaaddiiveviyl vary drosm B.Q5toEY by welght and t ant
nmol ybdenum conqﬁéfer fﬁl}ﬁﬂﬁﬁ.ﬂo?ﬁ@?ﬁw@idﬁ?‘ ybdenum per gram of the

* mol ybdenum cont ai ni ng° conposition/1sooctane m xture. Prior to sanple
measur enent the spectrophotoneter is referenced ty scanning air versus air.

The WV visikle - fr .S ol O . na ters .S obtained
25 using a Gne oSupeieHtnn Aol rRAH el SRRy BEURLR 23 Y ence.
The spectr ﬁ aloényﬂrbzatbogmiisesmd’chsﬁlyammeqimmsdsgpB@TﬂmBa?slﬁrﬂrmi&é@Or bance
~to zero. Then,the sorbance of, the.sa e i s determne 0. nanonet ers
wavel ength. 30P#f Oﬁ%ﬁﬁ tqsrﬂ"tht'ccP('JﬁﬁB 5 %@Wf{ﬁ%eﬂi?‘ﬁg%ﬁi“ 198H1d ves of
this inventionofi@mayli® eseDnaRftiually 86 oohitthatioh dhRINYEHYAIR HHve VREBERIUES,
the appropriate anount 'of the npD ﬁbdenum cont ai ni ngoé:)o osition with a

| ubri cating oi Whichyanges frem 99 ta,9.00A SUshand usHally fieas FQnP@@%ﬁB@ @n the
-contenpl at ¢d agpécation of 13 ---- ------- 12 January 2007 the |ubricant
and the presence of other additives. Generally, the anount of the _

nol ybdenum contai ning additive will vary fromO0.05 to 15% by wei ght and

. f bly f % by..wei ght. .5 The |  cati i1, which b
eed’tn thi o+ Bafy bfbinfadl s BBy pcanfatibout I o5 aofliediaten 8hh8i 1. ouch
- as napht heni c hwfybslenpar edritainingasrieitive Mdthin x eshriePgfid 0 Thes@Bontehiratds

synthetic oils_such as esters ar{ﬁgqt’]h like. The lubricating oils my be
used i ndi vi duaPi%yia6ra FoNYESHRIIMmstha oblandyag and Fepshritiag thesadsditvey before

15 their subsequent dilution and use. The concentration of the molybdenum-
containing additive within the concentrate may vary from about 0.25 to 90%
by weight althougki it is preferred to maintain a concentration between 1 and
50% by weight. '

20 Thefinal application of the lubricating oil compositions of this invention may

" be in marine cylinder lubricants as in crosshead diesel engines, crankcase

" . lubricants as in automobiles and _failroads, lubricants for heavy machinery
such as steel mills and the like, or as greases for bearings and the like.
Whether the lubricant is fluid or solid will ordinarily depend on whether a

.25 thickening agent is present. Typical thickening agents include‘ polytirea
acetates, lithium stearate and the like. The molybdenum containing
. composition of the invention may also find utility as an anti-oxidant, anti-wear

additive in explosive emulsion formulations.

30 If desired, other additives may be included in the lubricating 6il compositions
~ of this invention. These additives include antioxidants or oxidation inhibitors,
dispersants, rust inhibitors, anticorrosion agents and so forth.- Also, anti-foam
agents stabilizers, anti-stain agents,-taciginess agents, anti-chatter agents,
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whi ch ranges from50 to 5,000 SUS and usually from 100 to 15,000 SUS at 10

38C. In many instances, it nay be advant ageous to formc$%Cﬁnaé t28§70f_ t he
nol ybdenum containing additive within a carrier |iquid. ese concentrates
provi de a conveni ent nethod of handling and transporting the additives
before 15 their subsequent dilution and use. The concentration of-the

mol ybdenum C0rﬂr@bBinE%oﬂﬁ%hbfdﬂﬁrﬁ{“ah{ﬂsaué\M@aﬁé\ﬂg,eél&Fe?ﬁeepl‘éﬁguréaarg)énfsE gﬁ?,about '

0.25 to 90% by weight although i't is prefefred to maintalin a“concentration
bet ween | and Wg?gmﬁéﬁﬂ.th@U(@ﬁéybemludﬁﬂ@Iication of the lubricating
oil conpositions of this invention may. be in marine cylinder lubricants as
in crosshead di esel engines, crankcase |lubricants as in autonobiles and
rail roads, | ubrTiealubgcéndrcomgmsifionat tiepresent smentias csmpdsesa ajoramburite

Fura o soff o it assrol aRiHie BBfoflonsd Finr A0uRSr b acklibng agent 1

“present. Typi cdbrrhiilatittedesgibadabbge.i ncl ude pol yurea acetates, lithium
stearate and.the |ike. The nol ybdenum containing conposition of the
invention may also find utility. as an anti-oxidant, anti-wear additive in

expl osi ve emul Sﬂmééydﬂ%rﬁblbg?\ifmgg%e'afny%%iWi@ggfaﬂ% f ofté! df lubiGRingRY Pe

included in the_ lLubricating npositions I's 1nvention. “These

addi tives i ncl éeosity.i e base il of lubsigating iviseosibhigsid insuch campesitiensmey r ust
I nhi bi t or sgganty (ALY : r . nts
tabi | 1 er 207 EAIERS oA oP AAThSICAN, Ababd ol bavlo®yisditick of fBB0ET ° |,
12 January 200T7St at 4@i6 and ppont poinphelow 26°C grreferaljy atkr bajewt08C iext r eme

DL 20ort Seofh TP BB IBEDS A P iR e B Sl ol
.of a base oil Minéraboilchar usg ag tiecbadet ol iatitls nvantion i) for@kampw, addi ti ve
T At O O, Sl anie A Oher oifs that are ordinarily dsad in lubrisating of °
variety of oi | PAETMNGHFRUREN, y g ol
15 compositions. Synthetic oils include, for example, both hydrocarbon synthetic
oils and synthetic esters and mixtures thereof having the desired vis.oosity.
Hydrocarbon synthetic oils may include, for example, oils prepared from the
polymerization of ethylene, i.e., polyalphaolefin or PAQ, or from hYdrocarbon
synthesis procedures using carbon monoxide and hydrogen gases such as in
20 aFisher-Tropsch process. Useful synthetic hydrocarbon oils include liquid
| polymers of alpha olefins having the proper viscosity. Especially useful are the
hydrogenated liquid oligomers of“Cs to Cyz2alpha olefins such as 1-decene
trimer. Likewise, alkyl benzenes of proper Viscosity;- such as didodecyl
benzene; can be used. Useful synthetic esters include the esters of
25  monocarboxylic acids and polycarboxylic acids, as well as mono-hydroxy
alkanols and polyols. Typical examples are didodecyl adipate, pentaerythritol |
. tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like. Complex.
esters prepared frorn‘ mixtures of mono and dicarboxylic acids and mono and
dihydroxy alkanols can also be used. Blends.of rﬁineral oils with synthetic oils ~
30 are also useful. '
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viscosity. The base oil of lubricating viscosity used in such conpositions
may 10 be mneral oils or synthetic oils. A base oil ha sity of
at least 2.5 ¢St at 40C and a pour point bel ow 20C, prefﬁ?a%P&mggﬁgf bel ow
OCis desirable. The base oils may be derived fromsynthetic or natural
sources. Mneral oils for use as the base oil in this invention include,

for exanple, phinu thmhase oibgdrt be airefitattpahiia typd basd sk rafi @@ﬁéﬂﬁﬂ%dl& y
usedlnlubrlctln Synt heti c oi I's incl ude,

Tl
exanmpl e, both h aPBB ﬁya@ﬁfﬁg%fecg&%ner aﬁ&hwﬁpﬁ@qncorb@‘ﬂ@b@aanm m Xt ur es
t her eof havi ng mmsuyesrrhe@aye ot @8h lalso b i AiAGR &%néaé{‘hhﬁégﬁthepé oijs,

“include, for exanple, oils prepared fromthe polynerizati I ene,
i.e., polyal phaol efin or PAQ, or from hydrocar bon synthesis procedures

g?i)(r:]gsgar llDJ(s)gful syfr?mlﬁla%xﬁﬁﬁr ocar n o7 éﬁchﬁ?%&éegﬁ’?zo i F sher H&ré}pSCh

al pha ol efins thﬁllm@nﬁlﬁe apd@n@not/ioshmeortsjruedfsmw way #is umﬁfngl thgrseopé'n@f

. hydr.ogenat ed lHﬂQhﬂ &(#poners of C6 to Cl1l2 al pha ol efins such as 1-decene
trimer. Likew se, ar benzenes of proper viscosity, such as di dodecyl
benzene, can be used. Useful synthetic esters include the esters of 25
nonocar boxyl i c aci ds and polycarboxylii aci ds, as well as nono- hydroxy

al kanol s and pol yols. Typical exanples odecyl adi pate,

pent aer yt.hiptol tetracaproate, di-2-ethyl hexyl adipate, dllaurylsebacate
and the like. Conplex esters prepared fromm xtures of nono and

di carboxylic acids and nono and di hydExayplelkanol s can al so be used.

Bl ends of mineral oils with synthetic oils 30 are also useful. 15 12
January 2007 Thus, the base oil can be a refined paraffin type base oil, a
-refi ned napht h&hP erarbagfea bissuc@mrmdemmeas trohywlpdysobaﬂenylr(wwmmr ocar bon

oil of lubrica m xt ure of
m ner al and syﬁ?% @ | ° (E"%%Rf?'gqa @aﬁi’hﬁﬂ@gﬂ%ﬁ E&M?@E@nt ed to
illustrate %peoilgqmefelabaﬂhht@as £-100 pcbl?etayleﬁe’élﬁheqrbn@Plﬂnﬁsfn@ad‘ehemﬁ;ape
construed | n a&Xm\Engy @ra moq?:lrt r'ap 8 05’ amine toqﬁBgA oftO 5€tc: 1n Vaenrclzlt1602 5 grams of

neutral oil were charged to a glass reactor equipped with a temperature
controller, mechanical stirrer, and water cooled condenser. The mixture was
heated to a molybdation reaction temperature of 70°C. While at reaction
20 - temperature, 26.6 grams of molybdenum oxide and 458 grams of water were
- charged to the reactor. The reactor was then held at a reaction temperature
of 70°C for 28 hours. Upon complet:on of the molybdation reaction, water
was removed by distillation that was carried out at temperature 99°Canda.

pressure of 25 millimeters of mercury (absolute) or less for approximately '
25 30 minutes. '

. The product contained 4.01% by werght of molybdenum and 1.98% by weight
of nltrogen
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Exanples 10 Exanple | 250 grams of a bissuccinimde, prepared froma

pol yi sobutenyl (1000 M W) succinic anhydride (Pl BSA) an&\% Hé%/ Whe of
pol yet hyl ene pol yanmi ne 15 ol igoners avail able as E-100 pol ye Féneam ne

from Hunt sman Chem cal Conpany at a nolar ratio of amne to PI BSA of 0.5
to 1, and 162.5 grans of neutral oil were charged to a gl ass reactor

equi pped with a tenperature controllerg §@ anical stirrer, and water
cool ed condenser. The m xture was - heat®e nol ybdati on reaction

tenperature of 70C. Wile at reaction 20 tenperature, 26.6 grans of

nmol ybdenum oxi r cto The
Toattor vas & hon fapty O SR hoNaRy in ERGRARLL BRI U8 S BB 8F - o
conpl eti on of theutnaboilweee charged &xa glass resdtt@requiprsdneithos ¢emperatlirst i | | ati on
that was ca a rature 99C. nda sre f 25 mllineters
of mercury ga Ggﬂnup&%r é"e%ﬁgrggaﬁsgwe&ﬁd %?oﬁl@g@" nﬂﬂeeg“’d"lfﬁé”a&r oduct
cont ai ned 4.01 l%altbdwﬁh@bbdﬂfoﬂi@b&ﬁ&ﬁ@ﬁiﬁe?éidre]?@@o/owmlé"ﬁt &aktiorP! ni trogen.

16 12 January 2007 - Exanple 2 384. 4 granms of bissuccinimde as prepared in
Exanpl e 1. .and é@.@P@fa&ﬂfsn%OQfgrammf mallybgienumexidecand §od grams of wates wesact or

cool 08 condens or oRReD R8¢ ok belrBag B walHEATY Blrebiah Rmdhffnd ™

t enper at ure 70@0°Q¥ior 8 htnurse&.tponmmmmkmrcﬂhﬂ molyﬁﬂaﬂorgf@ﬂﬂﬁon afatepaddenum
d to the reactor. The reactor was

oxi de and 79. 4 éyams of \Lliﬁ char.g i
then held dP r &3BPYeshbyY Q%@P W%@'T' oytatigmperatuie P Camd &t i on of the
mol ybdat i on ' eapddsa of'EY Al Heters!Bf ereR b | {s carried
out at t errper a’?ﬁ € 99C and W uf@) of IéslS%ll Qﬁbrbﬂﬁltatéf?
30 minutes. Ata later time, an 18.7 gram sample of this product was charged
to a 250 ml round-bottomed flask. 0.007 grams of sulfur were also charged to
the flask. The reaction mixture was then heated to a sulfurization temperature
15 of 80°C. The suifurization reaction was carried out for 0.5 hours. The product

contained 2.03% by weight of nitrogen and 3.83% by weight of molybdenum.

Example 3

20 ° 289.0 grams of a monosuccinimide, prepared from a polyisobutenyl (1000
M.W.) succinic anhydride (PIBSA) and a mixture of diethyiene triamine
(DETA) and E-1 00 polyethyleneamine at a molar ratio of amine to PIBSA of
0.65 to 1, and 232.1 grams of neutral oi were charged to a glass reactor

A equipped with a temperature controller, mechanical stirrer, and water cooled

25 condenser. The mixture was heated to a molybdation reaction temperature of

70°C. While at reaction temperature, 34.3 grams of molybdenum oxide and
-58.9 grams of water were charged to the reactor. The reactor was then held

at reaction temperature 70°C for 21 hours. Upon completion of the

molybdation reaction, water was removed by-distilfation that was carried-out at

30 . temperature 99°C and a pressure of 25 millimeters of mercury {absolute) or
less for approximately 30 minutes. The product coﬁtained 1.92% by weight of -
nitrogen and 4.08% by weight molybdenum. o
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pressure of 25 millineters of mercury (absolute) or less for approxinmately

30 minutes. At a later time, an 18.7 gram sanple of this.pr _
charged to a 250 ml round-bottoned flask. 0.007 grans of@s‘%ﬂ\h‘%&’?ﬁe al so

charged to the flask. The reaction m xture was then heated to a
sul furization tenperature 15 of 80C. The sul furization reaction was carried

out for 0.5 hours. The product contai neghmpi@3d% by wei ght of nitrogen and
3.83% by wei ght of nolybdenum Exanple 3 2% 299.0 grans of a
nmonosucci ni m de, prepared froma pol yi sobutenyl (1000 M W) succinic

anhydri de (Pl B350 ¢ramFokinshesiicirinfichs ﬁ@%&gi@gﬁ@y&ggﬂ@) and E-1 00

" pol yet hyl eneami ne at "a nolar ratio of am ne to 1, and
232.1 grans of HA.9 grangs pf npiteal ohwetr dharged tyh giassreactoequipnpd wiea with a

tenperature g0 | ' ter cooled 25 copndenser.
The m xt ur & Sraerbsratirs S5rireRgt ftcBhichl Slror o EleF bedgl spRucRer 21 " i o
at reaction 't enpidturewas hededtomelybdatiornmeaplisietenipepatufeogan] Whe 8t 9r ans of
wat er were c_ha%%ed.to t he react g;é:bThe reactor was then held at reaction

t enper at ur.e 70 ﬁgyorgtfwtg(e,g Famms A melybdemuphexide pyd 466 Batame aE ti on,
wat er was remupstePwert §ﬁérb4|3¢i§_id 0 rbaag;];.wme Fé%%fdr?ﬁ!;gglg{eﬁ ?%Sd sl feddgBRer at ure

99C and a pressure of 25 millineters nmercury (a ess for
appr.oxi mat el y 3demperaites90°EHer photitse tUpmmeamnpletiorl ofthemimlyhwdstigh reaxtion,

nitrogen ang@ 4..089 | ght . oL nu 17 12 Japuary 2007 | Ex e 4
1353. 2 grarqrg ofvpéﬁé%%éﬁgd"%% %dé@%p@%twsi%r@ggﬁl&%t@naﬁr@tqg%ggjé gr ans
of neutral oil amdreeprissugest 26amillinitasof NRF6H9 (aBsBlBPEFcds i @ 5
tenperature controll e chanical _stirrer, d water cool ed condenser. The

m xture was heQLPB&P’i"BE‘#ﬁBf BuRYtes Thereaction n%%s@rww@n@;ﬁystwtq theat
reaction { enpeisifiition WmeBidBoot, SHYGARRFOAfeRUharnhl B i 25 O

wat er weré charged to the reactor. S _ action
- tenper at ur e 90Rader. 7Thesuitsrizatomreactipr was oarrietl cubforiO kibwlst 2685 yeames i on,
15 of product were produced comprising 1.97% by weight nitrogen and 4.05% by

weight molybdenum.

Example 5

20  26,659.0 grams of monosuccinimide as prepared in Exarrip!e 3 and
é0,827.0 grams of neutral oil were charged to a glass reactor equipped with a
temperature controller, mechanical stirrer, and water cooled condenser. The
mixture was heated to molybdation reaction temperature 90°C. While at
reaction temperature, 3056.0 grams of molybdenum oxide and 5256.0 grams

25 of water were charged to the reactor. The reactor was then held at reaction
temperature 90°C for 7 hours. Upon completion of the molybdation reaction,

- water was removed by distillation ihat was carried out at temperature 99°C
and a pressure of 25 millimeters of mercury (absolute) or less for
approximately 30 minutes. The reaction mixture was then adjusted to the

30  sulfurization temperature 80°C. 15.8 grams of sulfur were charged to the

reactor. The sulfurization reaction was carried out for 0.5 hours. The product
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10 water was renoved by distillation that was carried out at tenperature
99C and a pressure of 25 mllineters of nmercury (absol u't1 )Jar(])r Igﬁ&for
approximately 30 m nutes. The reaction mxture was then a Jus‘faerﬁ 0 the
sul furization tenperature 80C. 0.80 granms of sulfur were charged to the
reactor. The sulfurization reaction was carried out for 0.5 hours. 2585

granms 15 of pr oshmgdind@y ¢ hsA. & | ish[ogen and
4. 05% by wei ght nd?ybggglﬁgmwuﬁ%ﬁg@ég# 92%6 9. @g?/rgﬁ@bg‘%ﬁunrgﬁhgucci ni m de

as prepared i n &ER&HNESWURNd 20, 827.0 grans of neutral oil were charged to
a glass reactor equipped with a tenperature controller, mechanical
“stirrer, and water cool ed condenser. The mxture was heated to nol ybdati on
reaction tenperature 90C. Wile at r edz@miNe 6enper at ure, 3056.0' granms of
nol ybdenum oxi de and 5256.0 grans 25 of water were charged to the reactor.
The reactor was then held at reaction tenperature 90C for 7 hours. Upon
conpl etion 6f t324.shgtapieftrmenpsuesioimida as pregared waExaraple3eahdoyy1.digsamsé | at i on

t hat was carri . re 9 nd, a pressyre, of, 25 mllineters
o e cor s (b S rtliaP RGN A 0itss RRER SRR in dlteRReBte 0T o
m xt ure was theontdilersmedharical Btrre And wdter dodidd cohdeAsde MieUhixtF8wasl5. 8

granms of sulfur re charged to the reactor. The sulfurization reaction
was carried outj"e\é'\ﬁerdet@. alﬁ%fﬂ'@." redrdionteppetaturg 905C YWhjle 3t reaefion cont ai ned
1..90% by wei ghtefbbrag8n4. gpa:rrfo ' yRASRMY 9 | fur.
Example 6 5 321?@%’? ansr%%émnogéﬁggwb%g %'“gig prepar é%gfiarwggﬁ%egwf%and
51.0 grans10of chatgeddp ths reagiore Tha seantor was theg|heddbat reactiamrteayperaipred With a

The m xt ur o g0 fadk Ehours” SBYistRin o aris B orARsElRapl. e W | o at

. reaction tenpesrabvedby ditifation et vis caMdPESNMTRRNE@RUEY8°E bnd 07 ans  of

water were pressure df 25 millimeters of mercury (absolute) or less for approximately

30 minutes. The reaction mixture was then adjusted to the sulfurization |

15 temperature 90°C. 0.17 grams of sulfur were charged to the reactor. The
sulfurization reaction was carried out for 0.5 hours. The product contained
3.15% by weight nitrogen, 4.06% by weight molybdenum, and 0.21% by
weight sulfur. '

20 Example 7

426.9 grams of monosuccinimide as prepared in Example 3 and 333..2 grams
of neutral oil WGre‘charged to a glass reactor equipped with a temperature

| controller, mechanical stirrer, and water cooled condenser. The mixture was

: 25 ~ heated to molybdation reaction temperature 80°C. While at reaction
- . temperature, 49.0 grams of molybdenum oxide and 42.1 grams of water were
charged to the reactor. The reactor was then held at reaction temperature
80°C fbr 4 hours. Upon completion of the molybdation reaction, water was
removed by distillation that was carried out at temperature 99°C and a
30  pressure of 25 millimeters of mercury (absolute) or less for approximately

30 minutes. The product contained 2.00% by weight nitrogen and 4.03% by
weight molybdenum. | ' |
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10 charged to the reactor. The reactor was then held at reaction
tenperature. 90C for 7 hours. Upon conpletion of the erI.I%t?Jgﬂ&érg%{)?action,
water was renoved by distillation that was carried out at tenperature 99C
and a pressure of 25 mllineters of nmercury (absolute) or less for
approximately 30 mnutes. The reaction m xture was then adjusted to the
sul furization 15 tenperature 90C. 0. 17 gfahAded sul fur were charged to the
reactor. The sulfurization reaction was carried out for 0.5 hours. The
product contained 3.15% by weight nitrogen, 4.06% by wei ght nol ybdenum

and 0.21 % by ' | : ) L.pj.m de
*as prepared in g%g&q’%'ﬁg ogﬁ{c?ni?%gc@g{@n% glﬁgﬁg%gﬁpgﬁg%#gv?ewe%qih%aﬁsg{& to a
gl ass reactor eofngubedioivivene ehargey &v afglass reaciot eqlipmed witheabempemlturetirrer,
and water cqol ed condenser.. The m Xxtur s 2 eated to | yhdat i on
reaction te%er‘é?rﬁ?o e drechanica stg{errﬁlﬁw\é\% coc?lg F"i?'ﬁﬁeé', %?"UP%HF%‘H@S of
ol ybdenum oxi diedted totrholybdiadon reédctivd téthpaiBfufo 804G BAfle @ rdddion eact or . The
reactor was then held at reaction tenmperature 80C for 4 hours. Upon

- conpl etion of " tieanesAlR 40 baramseimelibdemneexide and 1@xbgremssf water weleat ion
o o 2 L boSheied s HEBADE i rakBlor AR e oA Raain Bompsraflirh | o1 7 ©
e) or p ely m nut es. e

of nmercury (absolu |'ess tor approxi mat product
cont ai ned 2. 00909 fae# dioursi Uparyeompletiod oDBgonwylybdatioghreactiony watsrwas 19 12
January 2007 Exanple 8 399. ans of npnosucci nim de as _prepared in
Exanpl e 3 é‘r?d Jem eérbéfr?@ﬁ&@go'ﬂ&@ﬂ”éﬁ Camedvvé&tettﬁme@re 89%3'? 3s reactor
equi pped with aprbgs:msbﬁzgmuiﬁae@é}awmér&i% (5&%@@ @gbssﬁdr%pﬁfoxm?é}elyw er

h to nmoly

cool ed condenser. 'The m xture was eate ation fFeaction

t enper at ure 80G0 mimuies. afhe pasiucigontainegd4.040aubeweight malyhalesum: nol ybdenum
.oxide and 19.7 grans of water were <charged to the reactor. The reactor was
then held ‘at reaction tenperature

Example 9

15
- 407.1 grams of monosuccinimide as prepared in Example 3 and 317.8 grams
of neutral oil were charged to a glass reactor equipped with a temperature
controller, mechanical stirrer, and water cooled condenser. The mixture was
- heated to molybdation reaction temperature 80;’0. While at reaction
20 temperature, 78.1 grams of molybdenum oxide and 67.1 grams of water were
charged to the reactor. The reactor was then held at reaction temperature
80°C for 8 hours. Upon compietion of f_he molybdation reaction, water was
removed by distillation that was carried out at temperature 99°C and a
pressure of 25 millimeters of mercury (absolute) or less for approximately
25 30 minutes. The product contained 1.84% by weight nitrogen and 6.45% by
- weight molybdenum. "

Example 10
‘30  390.0 grams of monosuccinimide as prepared in Example 3 and 304.4 grams

of neutral oil were charged to a glass reactor equipped with a temperature
controller, mechanicatl stirrer, and water cooled condenser. _The mixture was

20




80C for 4 hours. Upon conpletion of the nolybdation reaction, water was 10
renoved by distillation that was carried out at tenperat y e,a’%) 9&%

pressure of 25 mllinmeters of mercury (absolute) or Iess or ap rrately
30 minutes. The product contained 4.04% by wei ght nol ybdenum Exanple 9 15
407.1 granms of nonosuccinimde as prepared in Exanple 3 and 317.8.granms of

neut ral of | weig Akt hlatbndbgRbn EREbREHHEO St lhelolgiPe! 2 Ur e

control l er, mechani cal Irrer ed~e m xture was
heated to ol ywapemmeaaﬂlgnarn*seﬁpm}@tienernaﬁﬁaeéﬂdT&S@‘rarh@@ﬁﬁvta@?u%@e

t t 1 d f t e
charged to t heChAREAP S feciact NG Poreter WS ende at re%sfﬁteﬁwe?%#%rﬁfﬂre
80C for 8" hour S0+ONGYLZAARSE e cnpldon BN HRlbARISFRAHISH ol

removed by distillation that was carried out at "tenperature
pressure of S25rempyedby dlsbllaibnrt’mtomawce(ramouwmemperdtmeéagf’ﬁrandm)r oxi mat ely

wei ght ol ybaeRCUES A ROk dgforuyehoilS ol o Totariieimatil " or cpar oo
in Exanpl e 3 a80 nifidtes. grarprodut camutrreah 809, byewsighharansh 4l A5BYASS

reactor equi pped. erature controller, nechanlcal stirrer, and
wat er cool ed cWﬁHﬁﬁ ab&ﬂ‘n‘@ xture was 20 12 January 2007 heated to

nol ybdati on reaction tenperature 80C. While at reaction tenperature, 88.2
grans of %ybdenum oxi de and 75.8 grans of water were <charged to the
reactor. THY reactor was then hel d at Example &h tenperature 80C for 22
hours. Upon conpl etion of the nolybdation reaction, water was 5 renoved by
distillation that 'was carried out at tenperature 99C and a pressure of 25
m | 1i et ers. of 13864 Orgragnsinf manosiiceinimidesas pmpaeqmbmcﬁo«amﬂeB;andBO m nut es.

- The product copdgy Hethrs 8PRa G }S\‘?W%ret cMirbEG 5 sBiileds SR8 reactor equipped

with a temperature controller, mechanical stirrer, and water cooled condenser.

15 The mixture was heated to molybdation reaction temperature 80°C. While at
reaction temperature, 1602.0 grams of molybdenum oxide and 689.0 grams of
water were charged to the reactor. The reactor was then held at reaction
temperature 80°C for 7.8 hours. Upon completion of the molybdation
reaction, water was removed by distillation that was carried out at temperature

20 99°C and a pressure of 25 millimeters of mercury (absolute) or less for
approximately 30 minutes. The reaction mixture was then adjusted to the
sulfurization temperature 80°C. 5.3 grams of sulfur were charged to the
reactor. The sulfurization reaction was carried out for 0.5 hours. The product
contained 1.59% by weight nitrogen, 5. 73% by welght molybdenum and

25  0.29% by weight sulfur.

Example 12

This example illustrates a molybdation reactlon wherein the basic nitrogen
30 reactantis a carboxyllc acid amide. '
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wei ght nol ybdenum 10 Exanple 11 10, 864.0 grans of nonosuccini m de as
prepared in Exanple 3 and 5292.0 grans of neutral oil vve'r@ charrggﬂ% 0. a
stainless steel reactor equipped wth a tenperature controjff"P‘é"’}, chani cal
stirrer, and water cool ed condenser. 15 The m xture was heated to

nol ybdati on reaction tenperature 80C. Wiile at reaction tenperature, 1602.0
grams of nol ybdemixtuexofd@d1agrdmsdf aatiioxylic atid anide maderfron bastiaic aeidt he

t . Th t th |.d at ti tem { 80C f 7.8
our s. - Upon corfBdBrasingient RentRaRe iz e simpl Rt sfle a0 S2AcTaNed. by
distillation tRplyat@Sn tSlienEWasKearkl ét?é?’lgg(gﬁ?ﬁt%-?@ﬂr@i%ral@hﬁur@ qfpur e of

25 mllinmeters of nmercury (absolute) o or approximately 30 m nutes.
The reaction niflrskiwes fidted wilbra Bapn-Starll trap andea tosallof dBigrams ofiwatarmasat ur e

80C. 5.3 gr : Q. the T _ Th f UL | i

Poaet s on aad e sbcovalEd o B Bbhis” i GittBe g diifir-Chous SR e Hid 465 o

wei ght ni t r ogesolvenfAB4s buip]oeﬂ ﬁhﬁeﬁwwbﬁl\eﬂﬁﬂ mmAactbsblufe) 6w YouRs, @ikt sul fur.
u

Exanpl e 12 This gxa le illustrates a m bedatlon reaction wherein the
basi ¢ ni trogen 133@ra8s of 8 greensprrdughwasdsplateds P standing atambientjanuary 2007

Amxture of 2@dndiighs: 1 pRodad! bl intdelWadl hiraP dndyithgagi gar | ¢ acid
and tetraethyl ene pentamne, 12.9 Erams'of |'ybdi ¢ oxi de, and 22.4 grans
of water in toMmedhsienm eadent®f 3:3% by meight atrslicolonintemstyopf 1.6P usirg) hour s.

The. f"asngV"aﬁSfl'M’i%%c&ﬁﬁ@%ﬁ@?@%béﬂ%p and a total of 16 grans of

wat er .was recovered 1n er triltration using diatonaceous
earth filter aid, the solvent was stripped under vacuum (50 nmHg absol ut e)
bel ow 100C, and 131 granms of a greenggrodﬁc]i;vvas i solated. On standing at

anbient conditions, the product soli to a waxy material. Analysis

- showed a ol ybdenum content of 3.3% by weight, and color intensity of 1.5D

using - | 417.9 grams of monosuccinimide as prepared in Example 3 and 326.2 grams

15 of neutral oil were charged to a glass reactor equipped with a temperature |
controller, mechanical stirrer, and water cooled condenser. The mixture was
heated to molybdation reaction temperature 80°C. While at reaction
temperature, 47.9 grams of molybdenum oxide and 82.4 grams of water were
charged to the reactor. The reactor was then héld at reaction temperature

20  80°Cfor 4.0 hours. Upon completion of the molybdation reaction, water was
removed by distillation that was carried out at temperature 99°C and a
pressure of 25 millimeters of mercury (absolute) or less for approximately
30 minutes. 798 grams of product were produced comprisiAng 2.01% by
Weight nitrogen and 4.00% by weight molybdenum.

25

Example 14

- 272.8 grams of monosuccinimide as prepared in Example 3 and 260.5 grams
of neutral oil were charged to a glass reactor equipped with a temperature
30  controller, mechanical stirrer, and water cooled condenser. The mixture was
heated to molybdation reaction temperature 80°C. While at reaction
témperature, 49_.1 grams of molybdenum oxide and zero grams of water were

22




10 ASTM 1500 and 1.3 D using ASTM D6045. Exanple 13 417.9 grans of

nonosucci ni m de as prepared in Exanple 3 and 326. 2 gramsm%gm%]c ?&Wral oi |
were charged to a glass reactor equi pped with a tenperature rolle

mechani cal stirrer, and water cool ed condenser. The m xture. was heated to
nol ybdat i on reactlon tenperature 80C. Wile at reaction tenperature, 47.9

grams of nol ybdehangledxod&a roadtd?2 The geauiar wds thehdield\st'reactidmtegpdrdtgret he
reactor. The re r was then hel. d at reaction tenperature 20 80C for 4.0
hours. Upon con§5 fgi7-&9 hewis. ndilarga amaynt elerelbdenumgride wasunreagtedied by
distillation that was carried out at tenperature 99C and a pressure of 25
"mllimeters of nmercury (absolute) or |ess for approximtely 30 m nutes.
798 grans of product were produced comix@gip12. 01 % by weight nitrogen
and 4. 00% bys\NEI ght nol ybdenum 25 Exanple 14 272.8 grams of

nmonosucci nimde as prepared in Exanple 3 and 260.5 grans of neutral oil
wer e charged t o0906@0agams efaionosecpinimdecasprepakdtin Bxampleid and0 control | er,

hani cal sti d | ed t dt
oL ydaston r entdl bATAMBE! Sbuld S erS CRERI K & skaltiebt ool BAHGr sauPesd 40, 5

granms of nol ybdﬁnhl@t@?ﬂp@ﬁat@f@b&ﬁb%rgﬁﬁﬁﬁarﬂéal‘éﬁh@f a*ﬁarveataﬁcob?ed]@dm@hyeﬁ%?
charged to the reactor. The reactor was th I'd at reaction tenperature

- 800C for 7.25 hbhe guixturg %{agbeammmﬁbdﬁmMﬁmgmwmmmgoiﬁw\Aﬁmie atl.
AP 12 10 SRl L B9 Rl U AR ROAEY o DB fr

equi pped with wateeweee abanged dotherrebtter., Thlmcém:tortwds then helklrat readtionat er

by SR T L MLET R EMCNT T

- ol ybdenum oxi deastish, ihteOvas ﬂa‘iﬁo@ﬁ by distillation that was carried out at temperature

‘ 99°C and a pressure of 25 millimeters of mercury (absolute) or less for

15 . approximately 1 hour. The reaction mixture was then ddjusted to the
sulfurization temperature 84°C. 5.6 grams of sulfur were charged to the
reactor. The sulfurization reaction was carried out for 0.5 hours. Product was
produced comprising 6.4% by weight molybdenum and 0.29% by weight
sulfur. i

20

-Example 16

1043.7 grams of monosuccinimide as prepared in Exampié 3 and
810.0 grams of neutral oil were charged to a glass reactor equipped with a
25  temperature controller, mechanical stirrer, and water cooled condenser. The
mixture was heated to molyb.dation reaction temperature 75°C. While at
‘ 'reaction temperature, 119.7 grams of molybdenum oxide and 206.0 grams of
water were charged to the reactor. The reactor was then held at reaction
. temperature 90°C for 7.0 hours. Upon completion of the molybdation
30  reaction, water was removed by distillation that was carried out at temperature
99°C and a pressure of 20 millimeters of mercury (absoiute) or less for
approximately 1 hour. Product was filtered through a Celite presSure filter.
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water were charged to the reactor. The reactor was then held at reaction
tenperature 80C for 7.4 hours. Upon conpletion of the ”Dlﬂggﬁﬁdrfﬁ graction,
wat er was renoved by distillation that was carried out at tenpe a?ure 99C
and a pressure of 25 mllinmeters of nercury (absolute) or less for 15
approximately 1 hour. The reaction m xture was then adjusted to the

sul furization tRodactwas prdtidiCed Sompdsing®.07% by Widight WRoIgbddhaidssl hat fhe
reactor. The sul uréé?)';i on reaction was carried out for 0.5 hours. Product
was produced r*sing 6. 4% by wei ght nol ybdenum and 0. 29% by wei ght

sul fur. 20 ..Exanple 16 1043.7 grans of nonosuccinimde as prepared in

" Exanple 3 and 810.0 grans of neutral oil were charged to a glass reactor
equi pped with a 25 tenperature controEkemplenfthani cal stirrer, and water
cool ed condgnser. The mixture was heated to nolybdation reaction :
tenperature 75C. Wile at reaction tenperature, 119.7 granms of nolybdenu
oxi de and 206. @0§D4hgranis ofmorosuseininide as geepared it Eeampleci and  The react or

- was :then held .on ature 90C for 7.0 hours. Upgn conpletion
of t ho ol ybdat 08 B erEer TeBrGENels"cRloed fia Aaicstien Rab: SRMest s

~carried out at wittnpnaperatire 28@tralled, MechadialsRTe! ard wakdrl doBRUERdSEsdrEr CUr'y

(absol ute) or IJ?nSS for approxi natel hour. Product was filtered through

] 1 ; (
a Celite pressdng Mixjiurgwashpajed @dnaﬁﬁbwmwacmf@merM@ $1°6d Wbie at
conprisi-ng4g. 0 } | I D, 17 5
9060. 0 gr a?rg of? %nﬁggﬁ'?g?ﬁtgnﬁag@ﬁﬂgg e’ﬁ%ﬁ% aﬁ’ﬁa@%@mﬁdeﬁ rﬁ’n@@@% ‘gfr ans
of neutral oi | WatsTavemahgeged to the seattort dhe reactor wasdloeroheldqtirgaptioh with a

tenperature coplhOUbflre 805181655 holls| Ut coisletish &F ths doisioatign denser -
reaction, water was removed by distillation that was carried out at temperature

under 120 °C and a reduced pressure for approximately 1 hour.
15

.~ Table 1 provides the color intensity for the molybdenum-containing.
compositions of the present invention.
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The m xture was heated to nol ybdation reaction tenperature 80C. *Wile at 10
reaction tenperature, 1737.0 grans of nol ybdenum oxi de aqg%ﬂl}a&;z@bﬁnﬁ of
at [

wat er were cha
tenperature 80
reaction, wate
tenperature u
15 Table I pro
~conpositions o
Intensity Res
©0.644 3 0.315
illustrated in

rged to the reactor. The reactor was then hel reaction
C for 6.25 hours. Upon conpletion of the nolybdation

rr was renoved by distillation that was carried out at

nbable 120 C and a reduced pressure for approxi mately.1 hour.
W&qesl he.cqlor .intensity for the nol ybdenum contai ni ng.

f ention. 24 12 January 2007 Table I Col or

conposttions
nanoneters. Th

at or bel ow 12

ul ts Exa@yahpld\0Sor DaNgSsdibance Hits2p8s07)anometers 1 0:495 2
5 0.416 7 0.303 |8 0.299 9 0.247 {10 0.203 11 0.242 As
Tabl e 1, the absorfbancenanomeiersol ybdenum containing 5
fthe TnventTom s ressth ] O—7—absofibance units at 350
ese resulfs indicatje that Qﬁlgﬁt ai ni ng{the process tenperature
0 C causeg a |low cdlor int e[fsli4ty. COMPARATI VE EXAMPLES 10
3 _ - 0.315
5 0.416
7 0.303
8 0.299
9 - 0.247
10 0203
11 : 0.242

10

15

As illustrated in Table 1, the absorbance of the molybdenum-containing
compositions of the invention is less than 0.7 absorbance units at 350
nanometers. These results indicate that maintaining the process temperature
at or below 120 °C causes a low color intensity.

COMPARATIVE EXAMPLES

The following examples illustrate the process of making a molybdenum
containing composition carried out at a temperature greatér than 120 °C
during the molybdation reaction, stripping and/or sulfurization steps. This
procedure follows the process according to King, U.S. Patent No. 4,263,152,

. To a 1-L, three-necked, round-bottomed glass flask, fitted with a mechanical

20

stirrer, a heating mantle, temperature probe for controlling and measuring the
temperature, and water-cooled condenser, were charged 269.3 grams of
mono-succinimide dispersant (950 MW, 2.07% N), 25.2 grams of molybdic
oxide, 43 grams of water, and 135 grams of Chevron 350H thinner, which is a
hydrocarbon thinner. |
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The follow ng exanples illustrate the process of making a nol ybdenum

contai ning conposition carried out at a tenperature greayer,, dgp C
during the nol ybdation reaction, stripping and/or sulfurization’steps. This
procedure foll ows the process according to King, U S. Patent Na. 4,263, 152.
15 To a 1-L, three-necked, round-bottoned glass flask, fitted with a
mechani cal  sti Comiparstivedaianiile @aNt | e, tenperature probe for controlling

. and neasuring the tenperature, and water-cool ed condenser, were charged

269.3 grans of |hR@FRACHORMiXURG was bestedwhilestimyrpatvefiue(aboet 100°C20r2 gr ans
f ol ybdic 20 gxi.de. . f . 350H
- Chi nnet . whi ch 240 hﬁr%:sgﬁ%sgﬁt{%'ﬁt? ORG-Stk 1Pl fle B itf3

January 2007 GCweapheatedte 178eCfdre KouFsaet®atingaibolt 40 Eramay\@fsw&t@atmb whil e
stirring at equa tgabou 100C) for 2 hours. The flask was fitted with a
Dean- St ark t3 apPRAHCkWas tiltered pker Gelite at aboutd§0raanschalithe filete was 2 hour s,

recovering aboufy. ?ﬂqo f 1eah | er Celite

at about 150C, l%tﬂé‘&%cg% t gﬂ@%ﬁé‘tjs’ee %gﬁ"goﬁ]gﬁ%gg\{%%@%?ﬁ%@%house

- vacuum t o. .r enove5Sthioers ohnalytis showed amtolybdemuhoesrtentAdisl0fs by vedigivedl a =

mol ybdenum-cont ent of 6. 0% by wei.ght ul fur content of 0.7% which'is

attributed to S*‘(H%[,Foﬁ'tﬁnt[?fé}?%é\é@\l&i ls,at.@?ﬂ?e&" t&ﬂ”ﬁﬁ" indpe %?WgWQiW'%STM

D1500. This prasfug.0DIDusing ASTM DAB0E. This§Msddct hall ahHBbARNGS iftbdditybfd> at a
Conmpar ative Exanple B To the second hal f of

wavel ength gf 350 na orre1t rs.

the filtrat ofgr%tﬁf)a'faeﬁ‘t -gé‘tmﬂ%‘gm Qk3p0nrnemetetsenent al  sul fur,
sufficient to give a Charge Mole Ratio (CVR) (S/Md) of 1/2. 15 After
reacting at 170C for 4 hours, the solvent was stripped at 170C under house
vacuum for 1 hdempatativg Example® a nol ybdenum content of 6.0% by wei ght

~a sulfur contenfy A o6 R¥ir YRS Hitratd bf EQRRArREESApRL Ay ddhd
-  elemental sulfur, sufficient to give a Charge Mole Ratio (CMR)(S/Mo) of 1/2.
16 After reacting at 170°C for 4 hours, the solvent was stripped at 170°C under
" house vacuum for 1 hour. Analysis gave a molybdenum content of 6.0% by'
weight , a sulfur content of 2.6% by weight, nitrogen content of 1.9% by
-weight, and a color of 4.5 DDD using ASTM D1500. Moreover, this product
had an absorbance intensity of greater than 1.5 at a waveléngth of 350
20  nanometers.

Comparative Example C

For comparison, a product from a commercial production (CMR (8/Mo) = 2/1)
gave a molybdenum content of 6.1% by weight, sulfur-content of 3.7% by
25 weight, and a color of 5.5 DDD using ASTM D1500. This product had an
absorbance intensity of greater than 1.5 at a wavelength of 350 nanometers.

30
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wei ght, and a color of 4.5 DDD using ASTM D1500. Moreover, this product

had an absorbance intensity of greater than 1.5 at a vvave{ dg%g'fy fOO§50 20
nanoneters. . Conparative Exanple C For conparison, a produc roma
comercial production (CMR (S/M) = 2/1) gave a rml ybdenum content of 6.1
% by wei ght, sulfur content of 3.7%by 25 weight, and a color of 5.5 DDD

usi ng ASTM D1500. Thi s product hpERFORRMANTERESELTRt ensity of greater than
1.5 at a wavel ength of 350 manoneters. 30 26 12 January 2007 PERFORVANCE

RESULTS Oxi dati on Bench Test 5 The nol ybdenum cont ai ni ng conposition of the

present inventiQRduhch BENGTedto a lubricating oil and the effect of

" oxidation was analyzed. An oxidation bench '"test was perforned on the
nol ybdenum cont ai ni ng conposition of King et at., U S. Patent No.

4,263, 152, d LA i, i L] e prese
frvontion. TheseEmBRLYGAGHIESHERTAS LORSsiicaRAE phéths Aabiih BESAHAA. | o
i ndi cate that tthe !quﬂatlng@lllcanddh@feff@fd:tdﬁomidaﬁMWm analgzed:%n@&ldht;@ﬂ of the
_ present |nvent|on bdﬁgn eff t|v dant dati on stu ies_of the

i - OXi
" products of sel& gé m%@dsuvm-(%?ﬂ INPg CRMpOF! 85!i°5|at| on

bench test as dﬁﬁgét @le,dJ ByPEtenENonag%Ql ard thatmoljidehufn-Ebitanl
Transacti ons, Vol )ff 895-901 1999) In this"test, the ad tlve to

be tested was &&H&?Sﬁl@ hs PrapeRrtdavastisn- Shesetest &smtwea@meereﬁmﬂde
di t 10( 2 | f
i sper sant 10( 23heMdus opﬂﬁrteﬁslﬁ&c%t l”tﬂé ﬁ?ﬂt &Eﬁ%@mqﬁﬂe% %lf}fng' um

phenate, (13 mM kg) ZnDTP, and oam ase oil.
In this test, tcﬁﬁlnoalﬂ@n@ffwg&ﬁ?ﬂtmhenaameﬁfﬂmwanmmute by a given

wei ght 20 of oil at 170C was nonitored. The tine required to take-up 250 niL
02 per 25 grams sanple was designated as induction tinme; however, results
care reported fidationsédiencfthepraducks ofesplectetetamplek werpcdrried @2t inex

100-gram - bulk oil oxidation bench test as described by E. S. Yamaguchi et al. in
15  Tribology Transactions, Vol. 42 (4), 895-801 (1999). In this test, the additive -
* to be tested was added to a formulated base oil containing 6% succinimide
dispersant, (25 mM/kg) overbased calcium sulfonate, (25 mM/kg) calcium
phenate, (13 mM/kg) ZnDTP, and 5 ppm foam inhibitor in a Group Il base oil.
- In this test, the rate of oxygen uptake at constaht pressure by a given weight
_20 of oil at 170°C was monitored. The time required to take-up 250 mL O per
| 25 grams sample was designated as induction time; however, results are
reported for convenience as time required to take-up 1L O, per 100-gram
sample. In this test, the fonger induction time cotresponds to more effective
antioxidant. Bench test results are generally reproducible to within
25 0.5 hours. | |
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sanple. In this test, the |onger induction time corresponds to nore
. effective antioxidant. Bench test results are generally 5%Bh&gﬁ%q e to
within 25 0.5 hours. 27 12 January 2007 Table 2 Oxidation Benc est

Resul ts of Ml ybdenum Cont ai ni ng Conpositions Exanple Irganox
Sul furi zati onReact!|l on Sul furization S Mo Actual Calcd % anti- No. L-57

Tenperature Reactioh Conc. Conc. |ndu 2I nducti on oxi dant Additive C

Time in in tine, oRidatibiBendd T&@h@é\ﬂﬁr@?
eference U -

0111 W% ppm P pm
14.0 - - Ol Corrparatlve 0 170 2 0 320 8.3 - Exarrple A - Corrparatlve 0 170
©2 214 320 BRI [ReA R Szt EE TR iy S
10. 9 cOnpamat Ve 020 17%@%"‘“% s"ﬂ%ﬁ%ﬁ%ﬁﬁc. @n& mﬁ%&ﬂﬁm Imé Regéﬁn Eﬂslncp B
- - 07.pk - - Ollarivefence &€C- Of Oife 5 [ in in | fime, br | time, hr enhancement
in Test Hours Test | Test
O . oil | oi ‘
‘ _Wt% : PPM | Ppm .
Reference 0 : - - - 0 6.7 - -
Reference | 0.10 S - e 0 [|-140 | - -
. Ol ‘
Comparative
Exaﬁl A 0 _ 170 | 2 0 320 8.3 -- -
Comparative '
ci"ma":‘ s o 17_’_0 2 214|320 83 | - -
arative E
cixaﬁ‘ gy 0.19 170 2 0 |320]) 173 | 156 ‘ 10.9
mparative : '
Exar% ppa 0.10 1?0 -2 ; 214 1320 195 | 156 25.0.
"Reference - -
ere 0 - 0 7.2 - -
-Reference -— - .
ol 0 ‘ ._ -.-- ‘ 0 6.5 - =
Reference | 0.13 | - - S -1 0 15.6 . - Y-
-Qil ‘
Example 15 0 80 0.5 21 1320| 83 - -
Example 15 0 80 0.5 211320 78 | - --
Example 15 0 80 1. 05 130450 93 - -
Example 15 0 80 0.5 42 {640 95 { - -
Example 15 | (.10 80 0.5 - 1320 21.3 | 151 41.0
Example 15 | 0.13 80 0.5 {320 226 | 16.7 35.3
Example 16 0 80 0 0O |320] 56 - -
Example 16 o . 80 E 0 ‘| 320 6.2 - -
Example 16 0 ‘ 80 0 -0 1447 64 | - -
Example 16 0 80 0 0 (447 6.9 |/ - --
Example 16 0 .80 0" O [447 | 7.0 -
Example 17 | 0 - 80 0 0 1320]) 78 | - -

1 . . . . ) . . . .

Test Oil Formulation (Reference Qil): molybdenum compound in ppm Mo; 6% succinimide,
(?S'mM!kg) overbased calcium sulfonate, (25 mM/kg) calcium phenate, {13 mM/kg) ZnDTP,
‘5 ppm foam inhibitor in Chevron 240N/500N base oil (50/50).
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Reference 0.13 - - - 0 15.6 Ol Exanple 15 0 80 0.5 2. 132083- -

Exanple 15 0 80 0.5 24.1 320 7.8 - - Exanple 15 0 80 . » 979
Exanple-15 0 80 0.5 4.2 640 9.5 - - Exanple 15 0.10 80 O. é%ﬁgé?g 15. 1
41.0 Exanple 15, 0.13 80 0.5 320 22.6 16.7 35.3 Exanple 16 0 80 0 0 . 320
5.6 - - Exarrpl-el 6 080 - 00 320 6.2 - - Exanple 16 0 80 0 0 447 6.51 -17-0
Exanpl e 16 0 80AGn& ﬂdgmﬁn-%onta hipdsttiorPwaS pfepa (F’t%rcﬁn h??ﬂé@?l )

80 0 0 320 7 8 - _y Test For mu atlon rgwépri) Cé n@ enum

conpound in ppninl\}ﬁ"g@%lbdéﬁ Matard dlo. (1@3rﬂ‘ﬁ2kg‘) regwedasmmtafﬂneum sul fonat e,

25-mM k | T, i
. hovr on gzmﬁv%é@ gg%‘éﬂ@ﬁ'bnaéﬂy}zgom%?% %ﬂ@%Bﬁ%}é’@@yﬁ%@e&”ﬁﬁat; '
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8.3 hours | Ca
the molybdenum-containing composition acts as an antioxidant (e.g. the

actual induction time is higher than that of the reference material by
1.6 hours). The actual induction time for Comparative Example A with
Irganox L-57 at 170°C is 17.3 hours. The calculated induction time for the
16  presence of two inhibitoré (i.e., a molybdenum-containirig -composition and
frganox L-57) is 15.6 hours. The experimentally obtained value is higher than
the calculated value (i.e. calculated value = induction time for molybdenum-
containing composition plus induction time for Irganox L-57 minus induction
time of reference) and shows an enhanced anti-oxidant effect for the
20 - combined additives. Similarly for the molybdenum—contaihing composition for
Comparative Example C, the calculated induction time did not increase; but
the anti-oxidant effect for the combined additives was enhanced by 26%.
With an enhanced anti-oxidant effect, Iéss of the molybdeﬁum-containing
composition can be used while obtaining the same anti-oxidant benefits.
25 _ '
'In the present invention, the actual induction time for the molybdenum-

: containing composition as in Example 16 is 8.3 hours. In the presence of
Irganox L-57 the actuat induction time increased to 21.3 hours. The
calculated induction time for the presence of two inhibitors (i.e., molybdenum-

30  containing composition and Irganox L-57) is 15.1 hours. The experimentally
| obtained value is higher than th.e calculated value (calculated value equals
actual induction time for molybdenum-containing composition plus induction
time for Irganox L-57 mind_s induction time of reference) showing an enhanced - -
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t he nol ybdenum cont ai ni ng conposition acts as an antioxi dant (e.g. the
actual induction tinme is higher than that of the referenq%kgahgﬂba 7by 1.6
hours). The actual induction tine for Conparative Exanple AW r ganox
L-57 at 170C is 17.3 hours. The calculated induction tine for the 15
presence of two inhibitors (i.e., a nolybdenum containing conposition and

I rganox L-57) idntilGdariteest ofldye, e f'&ﬁﬂé@w !  chmaitinder
than the calculateé.yalue (?.{f%cgﬁﬁdkate vé%ﬂgp@%fﬂ %%?ﬁﬁﬁpbﬁ@n r
nmol ybdenum  corfOaMasRign«fithe praseohingentioni is dunareeffective ahtboxidagtthanthe- 57

m nus i nductio ' . S a nt i - Qxldant
effect for the By aTRhRLANATEGhoaTtT kb ST aC U & Bolert No. 2 285188

nol ybdenum cont ai ni ng conposition for Conparative Exanple C. the
calculated induction tine did not increase;, but the anti-oxidant effect
for the conbined additives was enhanced by 25% Wth an enhanced
~anti-oxidant effect, |ess of the nol ybdenum containing conposition can be
used whil e -obtaining the same anti-oxidant benefits. 25 In the present
invention, the actual induction tine for the nol ybdenum containing
conposition as in Exanple 16 is 8.3 hours. In the presence of . |Irganox L-57
the actual induction time increased to 21.3 hours. The cal cul ated

i nduction time for the presence of two inhibitors (i.e., nolybdenum 30
cont ai ning conposition and Irganox L-57) is 15.1 hours. The experinentally
"~ obtai ned value is higher than the cal cul ated val ue (cal cul ated val ue equal s
~actual induction tinme for nol ybdenum containing conposition plus induction
time for Irganox L-57 mnus induction time of reference) show ng an
enhanced 29 12 January 2007 anti-oxidant effect  of 41 % This result shows
. that the nol ybdenum containing conposition of the present invention is a
nore effective anti-oxidant than the nolybdenum contai ning conposition of
- King et al., US. Patent No. 4,263,152. 30 12 January 2007
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CLAIMS: 1. A process for preparing a low color intensity, oil-soluble

nol ybdenum cont ai ni ng conposition conprising: a) reacthgtﬁﬁ bgb

nol ybdenum conpound or salt thereof and a basic nitrogen conpo Sel ect ed
fromthe group consisting-of succinimdes, carboxylic acid am des,

hydr ocar byl nonoam nes, hydrocarbon pol yam nes, Mnni ch bases,
phosphonoam des, thi ophosphonam des, phosphoram des, di spersant viscosity
i ndex inprgﬂg and m xtures thereof, to forma nol ybdenum conpl ex
wherein th @ﬁﬁerature of the reaction is maintained at or bel ow about
120C; and b) sulfurizing the resulting product of step (a) at a t enperature
“at or beIoF/ 120C and whereiin the sul fur .to PD‘%E q_@gatonlc ratio is |ess
Cthan 0.1: 1% f or® BB fE@ BN Y SOUPTEersibi oit-tolyhepolydentn parfainigg yb) e

nmol ybdenum C Ondoipbdifigh @PRAGSE:t i on having an absorbance intensity of less  °
than 0.7 at a wavel ength of 350 nanoneters as nmeasured in a one centineter
path-length quartz cell in a UV-Visible spectrophotoneter by diluting the

nol ybdenum comdyai mm@tlﬁ@mﬁﬂm&@bdmﬁrhcmﬁmﬁaalnﬁltmreafﬁﬂrasiaﬁ@t nmol ybdenum
concentration of O. 00025 rans flnnl%p Qunlper gran1 f the %;Iuted
mol ybdenum cont ai ni "% Qpsplecisd Tromd ?ﬁ%ﬁﬁﬁﬂ?*ﬂ@@B HeHBELScl ai m 1,

wher ei n said basic ruaﬂfoegmcﬂamumgdm&r@l n@u@@mmm caborc arboxylic acid
am de. 3. The process accoriiI g cIaLn1 ﬁg sal basi c
ni trogen conpound i & Lyamingg, *H‘i%ﬁll TS B OSﬁ'%Ré‘ f diophpsp Sto claim1 or
2, wherein said bas Iphoﬂihbﬂ’aﬁhgl%ﬂ dlsﬁer?anﬂﬁﬁd@ﬁlwihﬂéi impfolvéls,aRd ﬂ;@(turés The process
according to clainlé WQ in st (%b stri p|n e W%] conpri ses
stripping the producferg:t 3”%%“@3% ?%? ?%WQT Bﬁﬁg% dte 120c. 31
12 January 2007 6. radaeomkmaﬁaneaacmlowgabbﬁx 106%; Hik(ﬂ- or 5, wherein step (b)
.1s a stripping step which
b) sulfurizing the resulting product of step (a) at a temperature at or below

120°C and wlicrein the sulfur to molybdenum atomic ratio is less than 0.1:1

for a period of time sufficient to provide an oil-soluble molybdenum

containing cdmposition having an absorbance intensity of less than 0.7 at a

wavelength of 350 nanometers as measured in a one centimeter path-length

quartz cell in a UV-Visible spectrophotometer by diluting the molybdenum

containing composition with isooctane to a constant mol;}bdenum

concentration of 0.00025 grams of molybdenum per gram of the diluted

molybdenum containing composition.

2. The process according to claim 1, wherein said basic nitrogen compound is a

succinimide or carboxylic acid amide.

3. The process according to claim 1 or 2, wherein said basic nitrogen compound is a
succinimide.

4, The process according to claim 1 or 2, wherein said basic nitrogen is a carboxylic
acid amide. '

5. The process according to claim 1, wherein step (b) is a stripping step which

comprises stripping the product of (a) at a temperature at or below about 120°C.
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conprises stripping the product of (a) at a tenperature from about 70C to
about 90C. 7. The process according to claim1, wherein 2tJeﬁ ébé b‘? a
sul furization step which conprises sulfurizing the prodL] i) r( ? at a
tenperature fromabout 70C to about 90C and wherein the sulfur to

nol ybdenum atomic ratio is less than 0.1:1. 8. The process according to
claim1, wherein step (b) conprises both a stripping step and a

sul furizatjon step, which conprises first stripping the product of (a) at a
tenperat ure at OF PEHSPSRFEPHIRE 19 g hahs - stherety stpi(Rigs & HEPRIBSHER WG pr oduct  at

a tenperat ure caipfses Bebug @b prtiuct 30@) WhakBhdtarkd Bromabsid 704 MBby bdenum
catomc ratio :é%oé(:ess than 0.1:1. 9. The process according to claiml or 8,

wherein the st b) conprises both a stripping step and a sulfurization
step, which conprises first stripping the product of (a) at a tenperature
f rom about 70C£hg about 90C and then sulfurizing the resulting product at

1 ng .|
a tenperatiure frGRTOSESAFCOFHRE P Glamh butbegpesiob)} &7 sulfrzatopsep ¥ ichy ol ybdenum

~atonic ratio i Sompfises klMarzilg the prodd&.of HY 6t NHEGERAGe HOHAHAUTYE @ HBhdi M 1,
wherein step ( Oés carrie O]'?I:{ at qtenﬁﬁrature, from about 70C to about
90C. 11. A procd<sarheiniiss #‘l‘é“’a‘n‘i’ Bodoryn BPmicTpiinys fess thansy- s o1 ubl e

nol ybdenum containing conposition conprising: a) reacting an acidic

nmol ybdenum co und or salt thereo nd.a basjic nitrogen conpound sel ected
from t he §]r oup TCERELET FIFGTINe 18 teky Li@hﬁ&&%tepa@aﬁoﬁww ibﬁt%ééfrﬂ’P’éiﬁiS@%s,

h%dr ocr:]ar byl ?M&ﬁ%}@ﬁﬁatibﬁﬁéﬁw&%mpﬁ&h ﬁﬁﬂiﬁﬂﬁﬁng tg@ﬁlﬂﬂlgzhott{aﬁaﬁa, _ _
phosphonoani des, t hi ophosphonapmi des, . phosphoram des, di spersant viscosity
i ndex i npr‘overé?mpfmngfwgggg?% ?;ea,ngg}ep S’f@“"fz’ﬁﬁ eéeﬁ‘fi‘lnﬁﬁﬂ’é%ﬁ’i Tonpl ex
wherein the ten@sfeaitue & o@belb¥ abouk EACTivareiSthéTRul A Binftd¥hdatunPitolaRl ow about

. 120C, 32 12 Januarg?g%ggnaq]@} stripping the product of (a) at a tenperature

at or bel ow abdtHO! 'c) sulfurizing the resulting product at a
tenperature at or bel ow 120C and '

9. The process according to claim 1 or 8, wherein the step (b) comprises both a
stripping step and a sulfurization step, which comprises first stripping the product of
(a) at a temperature from about 70°C to about 90°C and then sulfurizing the
resulting product at a temperature from about 70°C to about 90°C wherein the sulfur

to molybdenum atomic ratio is less than 0.1:1.

10. The process according to claim 1, wherein step () is carried out at a temperature
from about 70°C to about 90°C.

11. A process for prépan'ng a low color intensity, oil-soluble molybdenum containing

composition comprising:

a) . reacting an acidic molybdenum compound or salt thereof and a basic
- nitrogen compound selected from the group consisting of succinimides,
carboxylic acid amides, hydrocarbyl monoamines, hydrocarbon
polyamines, Mannich bases, phosphonoamides, thiophosphonamides,
phosphoramides, dispersant viscosity index imprd.vers, and mixtures
thereof, to form a molybdenum complex wherein the temperature of the

reaction is maintained at or below about'12_O°C;
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wherein the sulfur to nolybdenumatonic ratio is less than 0.1:1 for a
period of time sufficient to provide an oil-sol ubl e nol ybde i ni ng
conposition having an absorbance intensity of |ess than 3%7%§p&§9§g€elength
of 350 nanoneters as nmeasured in a one centineter path-length quartz cel

in a UV-Visible spectrophotoneter by diluting the nol ybdenum cont ai ni ng
conposition with isooctane to a constant nol ybdenum concentration of

0. 00025 grams of, ol ybdenu e r of the diluted nolybdenum containing
conposi tion. 12% ‘ThegWBEéE%IQ‘B@Eg?ﬁS a fegperatirg At o1 belyhaliont 149<t:@Bs (a), (b)

and (c) are carried out at a tenperature of about 70C to about 90C. 13..
" The process of Slainl . .wherein said reaction of said acidic nolybdenum
compound or sa¥t tifé‘&@bzfn% Gresyliing peductat A tampsEine EORPEMA2A’S a4 ¢ he
ersence of a polar\ﬂnh@mnkeMﬁu&ﬂmmﬁhﬁm@ﬁQ?Q@?mﬁﬁmmﬁaﬂ€%¢3ﬂf&hﬁregn-Said
pol ar pronoter is water . The.process, o im1ll erein said reaction .
of said acidic nDIy553%%%%“@%WB§§%&”6W”§§@POﬁﬁgP@%Fm Rderumy @MBREEC i t r ogen
- conpound is in the poepesite Ringan fR0BAnc MBS lesd thad 8. 748N WaveYeng@07  16.
The . process of clainkég wherein said Bolar propoter (s water. 17. The
process according t¢LeP APRCTECS AR BT L Qperstimetst prtrdepeth Cetlind i s a
succi ni m de or car bdxyUVeVaitldspadtiogiotorider by RgutRicAEEE6lyRaah dbddgnih® claim 11
~or 17, wherein said basic.nitragen compound is succi nim de. 19. The
process according t SEPAIRE l[hd vogtane to g Spsfant @%IV'a}bdeB“a‘gF‘&ncﬁ‘i‘tfaP% is a
carboxylic- acid anmod@022gambendlyaidigh p@reepasre diuddlpieaess of claim 1.
21. The product prepar.ed. by the.Process of claim1l. 22. A lubricating oi
conposi tion conpri'siAYARESPFPEIPubri cating viscosity and from 0.05 to
15% by wei ght of the product of claim 20.

12. The process according to claim 11, wherein steps (a), (b) and (c) are carried out ata

temperature of about 70°C to about 90°C.

13.. The process of claim 1, wherein said reaction of said acidic molybdenum compound

or salt thereof and said basic nitrogen compound is in the presence of a polar

promoter.
14. The process of claim 13, wherein said polar promoter is water.
15. The process of claim 11, wherein said reaction of said acidic molybdenum

compound or salt thereof and said basic nitrogen compound is in the presence of a

polar promoter.
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23. A lubricating oil conposition conprising an oil of |ubricating

viscosity and from 0.05 to 15% by wei ght of the product f%%dﬁpu.@bg%"24'

| ubricating oil concentrate conposition conprising an oil o ricating
viscosity and from15 to 90% wei ght of the product of claim20. 25. A
| ubricating oil concentrate conposition conprising an oil of lubricating
viscosity and from15 to 90% by wei ght of the product of claim?2l. 34

6. The process of claim 15, wherein said polar promoter is water.

7. The process according to claim 11, wherein said basic nitrogen compound is a

succinimide or carboxylic acid amide.

18. The process according to claim 11 or 17, wherein said basic nifrogen compound is a
succinimide.

19. The process according to claim 11 or 17, wherein said basic nitrogen is a carboxylic
acid amide.

20; The-product prepared by the process of claim 1.

21. The product prepared by the process of claim 11.

22. A lubricating oil composition comprising an oil of lubricating viscosity and from

0.05 to 15% by weight of the product of claim 20.

23. A lubricating oil composition comprising an oil of lubricating viscosity and from

0.05 to 15% by weight of the product of claim 21.

24, A lubricating oil concentrate composition comprising an oil of lubricating viscosity

and from 15 to 90% weight of the product of claim 20.

25. A lubricating oil concentrate composition comprising an oil of lubricating viscosity

and from 15 to 90% by weight of the product of claim 21.
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