STABLE COLLOIDAL SUSPENSIONS AND LUBRICATING OIL COMPOSITIONS CONTAINING
SAME 5 BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
generally relates to stable colloidal suspensions useful as lubricating oil additives for lubricating oil
compositions. 2. Description of the Related Art 10 Compositions containing molybdic acid have been
used as lubricating oil additives to control oxidation 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. i
Generally, these compounds are added to a dispersant inhibitor (DI) package 15 that is then added to
the engine lubricating oils. In general such composmons can be, for example, complexes of molybdic :

acid and oil soluble basic nltro @W&QWMN%@H@amC solvent during a
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sulfurlzatlo ste sclosed in U S. Patent Nos. 4,263,152 and 20 4,272,387, the contents of which
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dark in color, plar C &arl ft rsulfurlzatlon the sulfurized compositions are extremely dark in color.
For instance, the E%ﬁégﬁgg%%%ﬁlons are measured at about 5 triple dilute (DDD) using an ASTM
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generaliy relates to stable colloidal suspensions useful as

lubricating oil additives for lubricating oil compositions.

2. Description of the Related Art

10 Compositions containing molybdic acid have been used as lubricating oil
additives to control oxidation 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 dispersant inhibitor (DI) package

15 that is then added to the enginemiubricating oils. |

In general, such compositions can be, for example, complexes of molybdic acid
and oil soluble basic nitrogen containing compounds made with an organic solvent during
a molybdenum-containing composition complexation step. The complexation step can be
followed by a sulfurization step as disclosed in U.S. Patent Nos. 4,263,152 and

20 4,272,387, the contents of which are incorporated herein by reference.

A problem associated with these compounds is that they are dark in color,
particularly after sulfurization; the sulfurized compositions are extremely dark in color.
For instance, the sulfurized compositions are measured at about 5 triple dilute (DDD)

- using an ASTM D1500 or ASTM D6045 colorimetric test. Since reduced color



lubricating oils are highly desired in the marketplace, these dark compositions can only be used in
limited amounts because of the impact they have on the finished oil color. It would therefore he
desirable to provide a lubricating oil additive which not only exhibits good frictional properties,
oxidation inhibition and anti-wear performance for lubricating oil compositions but also allows for lower
color of the lubricating oils. SUMMARY OF THE INVENTION In accordance with a first aspect, a
stable coNSEFEESHE RSN SR RTERER SR SRS RPIAT a i pATS SETHIAL BofAD BN S B8t amount
of one or,mors dispersecvdrgiad polxmerle LMROHNYS, Selpeled fiom the group consisting of
polymolyl)lalates, pgfytungstates, po yvana&legtes, pOTanO ates, polytantalates, polyuranates, and
mixtures thereof; adia(MeARRll Rhase-AAMBrsiRgdone ®HierR diskarsieo.agents:and adilsent oil. In
a preferred embodiment, a stable colloidal suspension is provided which comprises (a) a dispersed
phase cogapdisirigianmajesenet nbotiaidis feligedonydhdted ipolymnalyiicaten@n dyr()iaivaihgphése
comprising one or more dispersing agents selected from the group consisting of polyalkylene succinic
anhydridesmpentinitt yerseatainiftg dedvetivestdhalpuigetirgletre succinic anhydride and mixtures
thereof, and a diluent oil. In another aspect, a process for preparing a stable colloidal suspension is
provided comprising: mixing, under agitation, (a) an aqueous solution comprising one or more

poneri%g(@%MR%ﬁ;@? §§.g%g9 E@e group consisting of polymolybdates, 2 polytungstates,

polyvana ) , ates, polyuranates, and mixtures thereof; (b) one or more
dispersing agenis;,anda{-adilue @&Q'L\éﬁe@f@s@aﬂgqgl@iwl%%ll%g’i.s provided comprising (a) &

dispersed phase comprising a major amount of one or more dispersed hydrated polymeric compounds
sefected from the group consisting of polymolybdates, polytungsiates, polvvanadates, polyniobates,
polytantalates, polyuranates, and mixtores thereof, and, (b) an oil phase comprising one or more
dispersing agents and a diluent oil.

In a preferred embodiment, a stable colloidal suspension is provided which comprises (a) a
dispersed phase comprising a major amount of a dispersed hydrated polymolybdate; and, (b) an oil
phase comprising one or more dispersing agenis selecied from the group consisting of polyalkylene
succinic anhydrides, non-nitrogen containing derivatives of a polyalkylene succinic anhydride and
mixtures thereof, and a diluent oil.

In another aspect, a process for preparing a stable colloidal suspension is provided
comprising;

mixing, under agitation, (a) an aqueous solution comprising one or more polymeric

compounds selected from the group consisting of poiymolybdates,



heating the micro emulsion to a temperature to remove sufficient water so as to produce a stable
colloidal suspension comprising (a) a dispersed phase comprising a major amount of one or more
dispersed hydrated polymeric compounds selected from the group consisting of polymolybdates,
polytungstates, polyvanadates, polyniobates, polytantalates, polyuranates, and mixtures thereof; and,

(b) an oil phase comprising the dispersing agent and the diluent oil. In yet another aspect, a process
et g R e S e M e e e

aqueous SolLtIoR, COMPISING, (UANG:a" O §i RIS & FOMRAMNGS.RelGCIR from the group

consisting of molybdenum, tungsten, and vanadium containing compounds; and (ii) an effective

amount of an atichsrpakienciatipasi-padialupoiunesizngHie.oneiGimekemenamerceampounds;
(b) one or more dispersing agents and (c) a diluent oil to form a micro emulsion; and, heating the

micro ensubiordboatsd mppnaturectonfeivioyd:guffitieatwiatbrsocastosproducga stable cbhoidal
suspension comprising (a) a dispersed phase comprising a major amount of one or more dispersed
hydrated SR/ A@REEOMPEtRIdY seeitsamomntedreia sondistmguarcpeiptisyhaatesolysiyigingstates
and polyvanadates; and, (b) an oil phase comprisinlg the dispersing agent and the diluent oil. 3 Still
yet anotﬁgr%%%a‘fe% BrOCES R RSPV S s s E%l?é?&a?@ﬁ%ﬁg?fgfoﬁﬁ% BRIV P EeRhpiging:

mixing, ypder agiiaton. (R). AT AAHSRYS. Al ion comprising.ang,or more monomeric compounds
selected from the group consisting of niobitim, tantalum, and uranium containing compounds; (b) one
or more dispersingyagentmandsfela slibiendQilte faupramigraruisianiiafidpension is provided
comprising:
mixing, under agitation, (a) an aqueous solution comprising (i) one or more nonomeric
compounds selected from the group consisting of molybdenum, tungsten, and vanadium containing
compounds; and (ii) an effective amount of an acid capable of at least partially polymerizing the one
or more monomeric compounds; (b) one or more dispersing agents and (¢) a diluent oil to form a
micro emulsion; and,
heating the micro emulsion to a temperature to remove sufficient water so as to produce a
stable colloidal suspension comprising (a) a dispersed phase comprising a major amount of one or
more dispersed hydrated polymeric compounds selected from the group consisting of polymolvbdates,
polytungstates and polyvanadates; and, (b) an oil phase comprising the dispersing agent and the

diivent oif.
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heating the micro emulsion to a temperature to remove sufficient water so as to produce a stable
colloidal suspension comprising (a) a dispersed phase comprising a major amount of one or more
dispersed hydrated polymeric compounds selected from the group consisting of polymolybdates,
polytungstates, polyvanadates, polyniobates, polytantalates, and polyuranates and (b) an oil phase

comprising the giﬁpersing arll%ent and the diluent oil. Yet another.as ctdisi a Iubricating oil cgn&position
. i1 el afother taa(;ﬁect a.Frofcelss Or _preparmg a s%a le qal suspenson i TOVIUC
comprising (a) ama}for amount ot an oil'or Tubric m’é viscosity an a minor effectivé amount of the

foregoing&;}?,ggqn%plloidal suspensions. Still yet another aspect is an additive package comprising 10
to 75 weight percent of the stable colloidal suspension disclosed herein. The stable colloidal

suspensions hekgimad\vaatageadshs exhibih gapddictionabprepRpifs: g Oxidationminbikibasmand
anti-wear performance when employed as a lubricating additive for lubricating oil compositions.
Additionaliythendtaliecelldidal shspengionsibistien possdssioviecelon, RET AlEDDESGRIRTION
OF THE PREFERRED EMBODIMENTS The stable colloidal suspension of the present invention may
be generdiiyreHatadR 8 PHBOEHIPFISIAY 8 andietadi ysHadd tedrprisirig a smajoPamistint of one or
more dispersed h drat%d olymeric compounds selected from thef roup consisting of 4
polymolybdates' &R %éﬁ&és‘?i RVL A AT N RiSOSTRY SHBI I ARE SO MAtss 4nd
mbdures tgreeliang: (B),an Al BOASA.CAmPrISIng Qe Chinae. HIRRAIS NG ARL RIS ARCLR dlugnt ol

Each of these components in the colloidal suspension will be defined herein. 5 THE DISPERSED

HYDRATE: B%YM@M?@HM%pomds selected from the group consisting of polymotybdates,

polvtungstates, polyvanadates, polyniobates, polvtantalates, and polyuranates and (b) an oil phase
comprising the dispersing agent and the diluent oil.

Yet another aspect is a lubricating oil composition comprising {(a) 2 major amount of an oil of
lubricating viscosity and (b) a minor effective amount of the foregoing stable colloidal suspensions.

Still vet another aspect is an additive package comprising 10 to 75 weight percent of the
stable colloidal suspension disciosed herein.

The stable colloidal suspensions herein advantageously exhibit good frictional properties,
oxidation inhibition and anti-wear performance when employed as a [Iubricating additive for

lubricating oif compositions. Additionally, the stable colloidal suspensions herein possess low color.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The stable colloidal suspension of the present invention may be generally characterized as
comprising (a) a dispersed phase comprising a major amount of one or more dispersed hydrated

polvmeric compounds selected from the group consisting of



Hydrated polymeric compounds useful in forming the dispersed hydrated polymeric compounds of the
dispersed phase of the colloidal suspensions of the present 10 invention are hydrated polymeric
compounds selected from the group consisting of polymolybdates, polytungstates, polyvanadates,
polyniobates, polytantalates, polyuranates, and mixtures thereof. Generally, formation of the hydrated
polymeric compounds is achieved by at least dissolving one or more monomeric compounds selected
from the group consisting of molybdenum, tungsten, vanadium, niobium, 15 tantalum, and uranium
containing compounds e medjum, e.qg., water, to foirm.gwb soluti%n. Suitable molybdenum,

suitab , €.q., , u
tungsten, vanadi%wrﬁ%nlfa?ﬁ?sfﬁ%%ﬁ%sga 6&’&%%?@ H BN H@l LSRG T can be the simple
oxides of such compounds. For, example, the simple,axides, of molybdenum and tungsten may have
the following chERICAT FrRs s RGOS, WA VAL MSLBI AR VB2 HEC Hsb EBitemplated that

20_ knol\l/vn other sr%é%%;h&ggg%tg&oﬂgﬁ%&%%_be used herein. For example, the so-called "blue
oxides" of molybdenum an

tungsten are examples of such non-stoichiometric oxides, and they
contain both oxide and fydraxige.arouins. AaHal. ese IS AW RRAUL e eifRsaRgLeY hydroxides
of vanadium, niobium, tantalum, and uranium, the chemistry is'similar and such compounds can be
used hereins25 5 In general, when dissolving the one or more molybdenum, tungsten, vanadium,

niobium, tantalum, and uranjyis enRtaiRiBErserRPRUREE DS PetieKary-aRNiaseRyS to employ a

strong base such as, for example, hydroxides of alkali metal and alkaline earth metals, ammonium,
thallium, etc. While all gf{he.favgranides.afoalialiBetabiul in forming the dispersed hydrated

polymeric compounds of the dispersed phase of the colloidal suspensions of the present

10 invention are hydrated polymeric compounds selected from the group consisting of
polymolybdates, polytungstates, polyvanadates, polyniobates, polytantalates,
polyuranates, and mixtures thereof. Generally, formation of the hydrated polymeric
compounds is achieved by at least dissolving one or more monomeric compounds
selected from the group consisting of molybdenum, tungsten, vanadium, niobiwm,

15 tantalum, and uranium containing compounds in a suitable medium, e.g., water, to form a
solution. Suitable molybdenum, tungsten, vanadiwm, niobium, tantalum, and wranium
containing compounds inciude can be the simple oxides of such compounds. For
example, the simple oxides of molybdenum and tungsten may have the following
chemical formulae: MoQs3, WO3, M0;0s, MoO,, and WO,. It is also contemplated that

20 known other non-stoichiometric oxides can be used herein. For example, the so-called
“blue oxides” of molybdenum and tungsten are examples of such non-stoichiometric
oxides, and they contain both oxide and hydroxide groups. Although less is known about
the oxides and/or hydroxides of vanadium, niobium, tantalum, and uranium, the

chemistry is similar and such compounds can be used herein.

25



5 ammonium, magnesium, and thallium form water soluble compounds with the molybdenum,
tungsten, vanadium, niobium, tantalum, and uranium containing compounds, other metal hydroxides
such as, e.g., calcium, form water insoluble compounds with the molybdenum, tungsten, vanadium,
niobium, tantalum, and uranium containing compounds. Accordingly, it may be necessary to add a
sufficient amount of 10 an acid effective to dissolve the water-insoluble metal hydroxide and
molybdenum, tungsten, vanadium, niobium, tantalum, and uranium containing compounds. Water
soluble compounds are preferred herein with the sodium, potassium, ammonium, and magnesium
hydroxides being mostiFeteitbdvisehsealving o ARs Sl HuE STAVRE S RIP SXARTHTR, ‘SBuRiHTmolybdates,
are known and commercially available and can be directly 15 added to the suitable medium. The
molybdenum c&%ﬂsmmg%%%uﬁa%%wm%ﬁa%@%ﬂlﬂ%tﬁ FORIEIP U ARTAG &itolnds

called tungstates, have the structures M2MoO4 and MZWOA4, respectjvely, where M is the alkali metal,
alkaline earth nffa}é}?séﬁﬁ%ﬁﬁ}?ﬁ?%ﬁagh@%iwx SR e P AT BA AR ERes, and

uranates each behave similayl .TE% 20 water soluble compounds can he di solveg/in a suitable

medium, o.q., WSS TN L RRIC BT Al NG G B §eMuders can be

dissolved in a suitable acid and water tq [Prﬁn a stolution 6 A5[ Qne skilled in theC art would readily
c halliuin Tor U itly th

) a Omum, m S1UITL, &1 111 water, 50 compopunds w i . )
appreciate, the mo%lumr,r%anfl%m, ahg uranium compounds can be pgﬂ/merlzeo} |neba5|c solution.

However, for th&ofgﬁ)_&)égg&nﬂg% g{%gg%%g and \{&\&ﬁ@&l . &%m’ngﬂ%&%gg%u&g&i%%l meric compounds
can only be formed in an &ci £ ution, e.g., a solution having’a pH of between about 2 and
compounds, other metal hydroxides such as, ¢.g., calcium, form water insoluble
compounds with the molybdenum, tungsten, vanadium, niobium, tantalum, and uranium
containing compounds. Accordingly, it may be necessary to add a sufficient amount of
16 an acid effective to dissolve the water-insoluble metal hydroxide and molybdenum,
tungsten, vanadium, niobium, tantalum, and wranium containing compounds. Water
‘solubIe compounds are preferred herein with the sodium, potassium, ammonium, and
magnesium hydroxides being most preferred. Alternatively, compounds such as, for
example, sodivm molybdates, are known and commercially available and can be directly
15 added to the suitable medium.
The molybdenum containing compounds called molybdates, and the tungsten
> containing compounds called tungstates, have the structures MaMoO, and Mo WO,
respectively, where M is the alkali metal, alkaline earth metal, ammonium, magnesium,
or thallium. The vanadates, niobates, tantalates, and uranates each behave similarly. The
20 water soluble compounds can be dissolved in a suitable medium, e.g., water, to form a
solution. On the other hand, the water-insoluble powders can be dissolved in a suitable

acid and water {o form a solution,



5 about 7 is preferred, with a pH between about 5 and about 7 being most preferred. Accordingly, it
will be necessary to add an effective amount of an acid capable of at least partially polymerizing the
molybdenum, tungsten and vanadium containing compounds. Suitable acids include, but are not
limited to, nitric acid, nitric oxides, sulfuric acid, sulfur dioxide, sulfur trioxide, carbonic acid, carbon
oxides, carbon dioxide, phosphoric acid, 10 phosphorous acid, phosphoric oxides, polyphosphoric
acid, polyphosphoric oxides, silicic acid, silicon monoxide, boric acid, boron oxides and the like with
nitric acid, sulfuric acid, carbonic acid, phosphoric acid, pyrophosphoric acid, silicic acid, and boric
acid being preferred. ééﬁ@?aﬁ@l?ﬁé‘h%%fvﬁ@ﬁée&éﬁéa@ﬁfﬁfé%&h? tHR?&’c%b %&W]\‘)ﬁ?ya%dely, e.g.,

amounts ranging from about 0.1 to about 2 times the stoichiometric (ﬂuantlty 15 required for
t

neutralization aﬁﬁaﬁlﬂféfb?aﬁg’/%fiﬁ SHbLR oS TeeLse tubesitmol i el tisunt, Generally,
when the polymeri mpound being fo med S from a molybdenum compound, these anlons are
called polymolyBd: zﬁég ﬁfi{g Mﬁ{a‘f@%a PEYEGTE %foﬁfbolj%ésp? %bBWWi’S ¥ and
their related. anions LW ich c ntalno Omolgbdenu My en, and[\;\]/gj e dth
heteropolymolybaTéies ang" eﬁ?%eé(ied an|8ns \%/hlc?'loé%)}’] %ﬁ“g P :glt%gﬁﬁ%e%iﬁ %&ﬁ@?’%lement in
addiion to e golybemyan, gxyaen, andhydagen, g'arabebho%w%gnobl%%f edfor yngsten,

vanadium, nloblum tantal um, and Uranidm compoun Resé compaounds will Form polytungstates,

polyvanadates, RQ%%%?SF%&ﬁygg%@clgstseﬁd?ﬂgde(%}(ate d’é?i??&a%@ £58 olgmg%%t(;gsp;%%a Fl%as?re also

generally of two types: iSopolytungstates and their re anions |sopo yvana heir related
anions, 'SOpOIyrﬁ%ﬁ?;ﬁB‘i‘ﬂﬁQ@ﬁx{E I@t@glolybdenum tungsten and vanadium containing compounds.

Suitable acids include, but are not limited to; nitric acid, nitric oxides, sulfuric acid, sulfur
dioxide, sulfur trioxide, carbonic acid, carbon oxides, carbon dioxide, phosphoric acid,

10 phosphorous acid, phosphoric oxides, polyphosphoric acid, pelyphosphoric oxides, silicic
acid, silicon monoxide, boric acid, boron oxides and the like with nitric acid, sulfuric
acid, carbomnic acid, phosphoric acid, pyrophosphoric acid, silicic acid, and boric acid
being preferred. Generally, the amount of the acids employed in this step can vary
widely, e.g., amounts ranging from about 0.1 to about 2 times the stoichiometric quantity

15 required for neutralization and preferably from about 0.8 to about 1.2 times the
theoretical amount,

Generally, when the polymeric compound being formed is from a molybdenum
compound, these anions are called polymolybdates. The polymolybdates are generally of
two types: the isopolymolybdates and their related anions, which contain only

20 molybdenum, oxygen, and hydrb gen, and the heteropolymolybdates and their related
anions, which contain one or two atoms of another element in addition to the
rﬁoiybdenum, oxygen, and hydrogen. Similar behavior is observed for tungsten,

vanadium, niobium, tantalurn, and uranium compounds. These compounds will form



anions, isopolytantalates and their related anions, isopolyuranates and their related 5 anions,
heteropol.ytungstates and their related anions, heteropolyvanadates and their related anions,
heteropolyniobates and their related anions, heteropolytantalates and their related anions, and
heteropolyuranates and their related anions. The resulting polymeric compounds ordinarily contain a
mixture of monomer, dimer, trimer, and higher polymers of the molybdenum, tungsten, vanadium,
niobium, 10 tantalum, and uranium containing compounds. The polymeric compounds can consist of
polymeric acids in ionized form or in partially protonated form. They can also be hydrated. The ionized

polymeric compBYBYELH e b BEUAG WA CEORHEE iBAY EHEHSES. tkelistisded dbsve (e.g.,

alkali metals, amrrionium ions, magnesiym or thallium, ions) dep,endin% on the base used to dissolve
Q

the molybdenuriCtRGEEeFP VERAKRIAT ASDRTACAS SRR SnE Sairsmmmh e rsEtithds. In
addition, other salts may be present in the structure, of the polymeric compoungs. that result from the
neutralization re4ction Igf) pt(g].1 g‘aﬁe%ﬁssa glH’[%W%gﬁttﬁdtﬁg%d‘?%%\?gﬁ%i ,tgﬁglﬁgagffum, and
tungsten compqunds. For heteropolycomp s, one ar moye additional elements other than the
20 molybdenume,mtll?ﬁla’slfgeO A ?t\{];é?%%%ilﬁtﬁ? : ar?léc{)%%lr%r,e éa%taﬁ?i rﬁ?%ir%ap %ﬁﬂarlﬁaéegnat%ﬁimﬁegn E%%%gou nds,

oxygen, and hydieaenyyl be RiesEnl, 1 a9ioaal elemenl an e for xamele, phasphorus,

boron, carbon, nitrogén, sulfur,"ars&nic, silicon, germanium, tin, titanium, zirconium, cerium, thorium,

platinum, man9@agéa,aﬁeﬂs,rrigé@%ggqgﬁmmeéaiﬁpm Féi!i’éﬁ'ﬁkﬂﬁ%ﬂ%@rﬁ%ﬂﬂ%@@(ﬁwﬂ%@“m’

copper, selenium, and the like. The preferred additional elements are sulfur,”"boron and phosphorus.
These additionglejated anions, and heteropolyuranates and their related anions.

The resulting polymeric compounds ordinarily contain a mixture of monomer,
dimer, trimer, and higher polymers of the molybdenum, tungsten, vanadium, niobium,

10 tantalum, and uranium containing compounds. The polymeric compounds can consist of
polymeric acids in ionized form or in partially protonated form. They can also be
hydrated. The ionized polymeric compounds can also be bound with counter ions such as
those discussed above (e.g., alkali metals, ammonium tons, magnesium or thallium jons)
depending on the base used to dissolve the molybdenum, tungsten, vanadium, niobium,

15 tantalum, and uranium containing compounds. In addition, other salts may be present in
the structure of the polymeric compounds that result from the neutralization reaction of
the aqueous solution with the acid for the vanadium, molybdenum, and tungsten
compounds.

For the heteropolycompounds, one or more additional elements other than the

20 molybdenum, tungsten, vanadium, niobium, tantalur, and uranium containing
compounds, oxygen, and hydrogen will be present. The additional element can be, for
example, phosphorus, boron, carbon, nitrogen, sulfur, arsenic, silicon, germaﬁium tin,

titaniwm, zirconium, cerfum, thorfum, platinum, manganese, lead, nickel, teflurivm,



elements can be added at any time during the preparation of the polymeric compound. Preferably,
these additional elements will be added to the aqueous solution of the 5 molybdenum, tungsten,
vanadium, niobium, tantalum, and uranium containing compounds. Any suitable compound of the
additional element can be used in forming the heteropolycompounds such as, for example, the halide,
pseudo halide, oxide, or hydroxide. Examples of such suitable compounds include, but are not limited
to, boric 10 acid, nitric acid, nitric oxides, sulfuric acid, sulfur dioxide, sulfur trioxide, carbonic acid,

carbon oxides, carbon dioxide, phospharic acid, phosphoyous acid, phosphoric oxides,
e oL b e i rRuiFe Liethe

polyphosphoric SSdEhEVBHcY Xid &8 Sifleil Heid O SHidtn P8 RoX e di

germanium oxides,.ger ium dioxide, stannic ci%, stanni ides, stannous oxides, zinc oxides,
[ fgl'e 3%%1%0118(1 61“1’1611% %6 sulﬁu : OI‘OIﬁ%lélni O%)&@}S Stl%ﬁ?&afﬁ&“%%g

. . 81‘ . .
plumbic acid, plarnboplumbie oxides, plumbous oxides; e, titanium

dioxide and the Jike. eferr f these compounds._are boric acid, sulfuric.acid and phosphoric
acid. The reactit%#%?ﬁ'\n/l%%%tg %?i%"l%%lghf} o%ldae@ﬁﬁg t %pg?c?ééaslg?tafghrﬁg@/ gﬁlﬁrﬁ?rl%ﬁﬂ%s en,
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temperatures and pressures, e.g., a temperature less than or equa out , and preferably

from about 30C ﬁ%g)%%ﬁﬁ&%g&&t, ARG RIS SR f AN AR ﬁﬁg%r%&néﬁgg mospheric to

superatmospheric pressures can also be used herein.” The reaction time IS step is typically in the
range of from akgu3@ngconds to about 1 hour. The oxide is ordinarily added to the hydroxide in an
amount ranging from about 9 0.5 to about 3 times the theoretical amount required for reaction,

preferably from about kny suitable compound of the additional element can be used in forming the
heteropolycompounds such as, for example, the halide, pseudo halide, oxide, or
hydroxide. \Exampies of such suitable compounds include, but are not limited to, boric

10 acid, nifric acid, nitric oxides, sulfuric acid, sulfur dioxide, sulfur trioxide, carbonic acid,
carbon oxides, carbon dioxide, phosphoric acid, phosphorous acid, phosphoric oxides,
polyphosphoric acid, polyphosphoric oxides, silicic acid, silicon monoxide, aluminum
oxides, germanium oxides, germanium dioxide, stannic acid, stannic oxides, stannous
oxides, zinc oxides, plumbic acid, plumboplumbic oxides, plumbous oxides, titanic acid,

15 titanium monoxide, titanium dioxide and the like. Most preferred of these compounds -
are boric acid, sulfuric acid and phosphoric acid.

The reaction of the alkali metal hydroxides and the oxides of the molybdenum,
tungsten, vanadium, niobium, tantalum, and uranium containing compounds is carried out
at suitable temperatures and pressures, e.g., a temperature less than or equal to about

20 100°C, and preferably from about 10°C to about 30°C and at atmospheric pressure, to
form a solution. Stubatmospheric to superatmospheric pressures can also be used herein.
The reaction time for this step is typically in the range of from about 30 seconds to about

1 hour. The oxide is ordinarily added to the hydroxide in an amount ranging from about



to about 2 times the theoretical quantity of oxide is employed, while the hydroxide is present in an
amount ranging from about 0.3 to about 2 times the stoichiometric quantity and preferably about 0.5 to
about 1 times the stoichiometric quantity. 5 THE DISPERSING AGENT The dispersing agents for use
in forming the stable colloidal suspension of the present invention include, but are not limited to,
polyalkylene succinic anhydrides, non- nitrogen containing derivatives of a polyalkylene succinic
anhydride and a basic nitrogen 10 compound selected from the group consisting of succinimides,
carboxylic acid amides, hydrocarbyl monoamines, hydrocarbyl polyamines, Mannich bases,

phosphonoamidés, \HARSHAS<BREHERMPRYAISE! SMSSsh BraRb O AR tomuarel rrdreberome ¥ther such

group suitable for use herein as a dispersing a%,ent includes copolymers which contain a carboxylate
ester with one o ST adBRFSARY BERIERTALHEHT ReRiGRigainrs akitav ks iths drowdds ydroxyl,
carboxyl, and the like. These products can.be p epareéi by co I%(meri ation of long chain alkyl
cryiates o mel&EHIdTE AR ROHBRIBRS B HEC Hblby dRAREHoh EEeA GRS RERHe SRR

methacrylate-vinyl.pyrrolidinone copolymers, alkyl methacrylate-dialkylaminoethylmethacrylate
copolymers andaﬁ?epsﬁ?(fgrgcép %Pgts(g)‘r%g%am% teﬁilaxre\s/vteliegﬁf) %1‘#%8?%% Bf%ftnides or esters and
polyesters such as 20 tetraethylene pentamine, polyvinyl polystearates and other polystearamides.

Preferably, the dispersing agent is a polyalkylene succinic anhydride, non-nitrogen containing

derivative of a polyalkylene succinic anhydfiﬁ% g@ﬁ%%&gwo The polyalkylene succinic
anhydride dispersing agent is preferably a

The dispersing agents for use in forming the stable colloidal suspension of the
present invention include, but are not limited to, polyalkylene succinic anhydrides, non-
ﬁitrogen containing derivatives of a polyalkylene succinic anhydride and a basic nitrogen

10 compound selected from the group consisting of succinimides, carboxylic acid amideé,
hydrocarbyl monoamines, hydrocarbyl polyamines, Mannich bases, phosphonoamides,
thiophosphonamides and phosphoramides, and mixtures thereof. One other such group
suitable for use herein as a dispersing agent includes copolymers which contain a
carboxylate ester with one or more additional polar function, including amine, amide,

15 imine, imide, hydroxyl, carboxyl, and the like. These products can be prepared by
copolymerization of long chain alkyl acrylates or methacrylates with monomers of the
above function. Such groups include alkyl methacrylate-vinyl pyrrolidinone copolymers,
alkyl methacrylate—diaikylaminoethylmefhacrylate copolymers and the like as well as
high molecular weight amides and polyamides or esters and polyesters such as

20 tetracthylene pentamine, polyvinyl polystearates and other polystearamides. Preferably,
the dispersing agent is a polyalkylene succinic anhydride, non-nitrogen containing

derivative of a polyalkylene succinic anhydride or mixtures thereof.

10



polyisobutenyl succinic anhydride (PIBSA). The number average molecular weight of the polyalkylene
tail in the polyalkylene succinic anhydrides used herein will be at least 350, preferably from about to
about 750 to about 3000 and most preferably from about 5 900 to about 1100. In. one embodiment, a
mixture of polyalkylene succinic anhydrides is employed. In this embodiment, the mixture preferably
comprises a low molecular weight polyalkylene succinic anhydride component e.g., a polyalkylene
succinic anhydride having a number average molecular weight of from about 350 to about 1000, and
a high 10 molecular weight polyalkylene succinic anhydride component, e.g., a polyalkylene succinic
anhydride having a nurhbcP AVeid frivfediarier ot imsiias saentonoredeabbit 3000. Still more
preferably, both the low and high molecular weight components are polyisobutenyl succinic
anhydrides. AlterARERRIGLDAHRIS HiG ARIHG6E ol BAHENS St isie Balsyahae esigdnents can
miféture of the other above referenced dispersants as

be combined as a di I
ontiied above T RUIIe T FH e A LB UG G GPERFOA I B P product
f a polyalkyl h as polyisob i j dride. O ional

polyiobutons, 6-HIgHREBNAI AL R RBHCIE e SISPE AN0h BF RS BNARAEhe succinic

polyisobutene, 6 vinylidene polyrsobute
anhydrides. The?Bel%azlllé\éllﬁqq&yccinic anhydrides can be 20 prepared using conventional techniques
e.g., therma% chlorination, free radical, acid catalyzed, or any other process in this preparation that is

e P o g lon B ke UL S e
In this embodiment, the mixture preferably comprises a low molecular weight
polyalkylene succinic anhydride component e.g., a polyalkylene succinic anhydride
having a number average molecular weight of from about 350 to about 1000, and a high

10 molecular weight polyalkylene succinic anhydride component, e.g., a polyalkylene
succinic anhydride having a number average molecular weight of from about 1000 to
about 3000. Still more preferably, both the low and high molecular weight components
are polyisobutenyl succinic anhydrides. Alternatively, various molecular weights
polyalkylene succinic anhydride components can be combined as a dispersant as well as a

15 mixture of the other above referenced dispersants as identified above.

In general, the polyalkylene succinic anhydride is obtained from a reaction
product of a polyalkylene such as polyisobutene with maleic anhydride. One can use
conventional polyisobutene, or high methylvinylidene polyisobutene in the prepazatién of
such polyalkylene succinic anhydrides. The polyalkylene succinic anhydrides can be

20 prepared using conventional techniques e.g., thermal, éhlorination, free radical, acid
catalyzed, or any other process in this preparation that is within the pilrview of one

skilled in the art. Examples of suitable polyalkylene succinic anhydrides for use herein

are thermal PIBSA (polyisobutenyl succinic anhydride) described in U.S. Patent No.

11



3,361,673; chlorinated PIBSA. described in U.S. Patent No. 3,172,892; a mixture of thermal and
chlorinated PIBSA described in U.S. Patent No. 3,912,764; high succinic ratio PIBSA described in
U.S. Patent No. 4,234,435; polyPIBSA described in U.S. Patent Nos. 5,112,507 and 5,175,225; high
succinic ratio polyPIBSA described in U.S. Patent 5 Nos. 5,565,528 and 5,616,668; free radical PIBSA
described in U.S. Patent Nos. 5,286,799, 5,319,030 and 5,625,004; PIBSA made from high
methylvinylidene polybutene described in U.S. Patent Nos. 4,152,499, 5,137,978 and 5,137,980; high

inic ratio PI de. from hi thylvinylider; lybut described in European Patent
Applcaion. PUEIRAHOL NG EPSER BURARIBEE IR A HEunHed-L0r 08 TBAI Ho
5,792,729, sulfoni id PIBSA .descri in U.S. Patent No. 5,777,025 uropean Patent
Applicati_on?u&%%%ﬂgegﬁrgﬁgé% %ﬁﬁ’éﬁ?ﬁ#&% P %A? H&8ERBe ’?i%qé’ AtR615,523,417
dE P lication Publicatign N P , 1t nts of.each ,
references beind b BT TEATE by BRI SN AT e SURARA oMby eLegr

polyalkylene suseiic 3apides Lehdos byLAre G IIe 9, e actis, Srour prdjer Group

Il mono- or di-metal salts of succiric acids, cinate esters fo e reaction of a pollilalkylene

succinic anydigde, @5@5%9@9&5%@&?@&%ﬁ&%ﬁmﬁ%m&'&?@% i@ pliagren X is an

alkyl group of from ito 10 carbon atoms) and the like and mixtures thereo esired, the foregoing

polyalkylene succiric-ahydridesandior AR eRRACORIRINGG dRivRLNRTHsIRRf.can be

post-treated with a wide variety of post-treating reagents. For example, the foregoing polyalkylene

succinic anhydrisiganeier dReatives URereatsatbepacien withe eyelis carbenais, yiger conditions
sufficient to cause
succinic ratio PIBSA made from high methylvinylidene polybutene described in
European Patent Application Publication No. EP 355 895; terpolymer PIBSA described
10 in U.S. Patent No. 5,792,729, sulfonic acid PIBSA described in U.S. Patent No.
5,777,025 and Buropean Patent Application Publication No, EP 542 380; and purified
PIBSA described in U.S. Patent No. 5,523,417 and European Patent Application
Publication No. EP 602 863, the contents of each of these references being incorporated
herein by reference.
15 Non-nifrogen containing derivatives of polyalkylene succinic anhydrides include,
but are not limited to, succinic acids, Group T and/or Group II mono- or di-metal salts of
T succinic acids, succinate esters formed by the reaction of a polyalkylene succinic
- anhydride, acid chloride, or other derivatives with an alcohol (e.g., HOR' wherein R’ is
an atkyl group of from 1 to 10 carbon atoms) and the like and mixtures thereof.
20 If desired, the foregoing polyalkylene succinic anhydrides and/or non-nitrogen-
confaining derivatives thereof can be post-treated with a wide variety of post-treating
reagents. For example, the foregoing polyalkylene succinic anhydride and/or derivatives

thereof can be reacted with a cyclic carbonate under conditions sufficient to cause

12



12 reaction of the cyclic carbonates with a hydroxyl group. The reaction is ordinarily conducted at
temperatures ranging from about OC to about 250C, preferably from about 100C to about 200C and
most preferably from about 50C to about 180C. The reaction may be conducted neat, wherein both the
polyalkylene succinic 5 anhydride or non-nitrogen containing derivative of a polyalkylene suceinic
anhydride dispersant and the cyclic carbonate are combined in the proper ratio, either alone or in the
present of a catalyst (e.g., an acidic, basic or Lewis acid catalyst). Examples of suitable catalysts

include, but are not limited to, phosphoric acid, boron frifluoride, alkyl or aryl sulfonic acid, alkali or
alkaline carbondf@ e YR LBIEH: (B}aﬁ‘ﬁ?u‘w%sag%’ GegetiBREP0 AR Hith 3 &L ® the preparing

partcularly el GPAINEYRIE EABENHE R ISP e & B SR S (BT SHENS LRI APALR). The
basic nit d o th llojdal. ' th ti ti t
contin baci i BUen A4 HLGALTA By A GE o0 B bon t 1 RIS A oi-solube. The.

basio nirogen compounfs,2ie aslssied Jomle. sroup eansiR sl syssiimfes polguccinimides.

carboxylic acid amides, hydrocar onoamines, hydrocarbon polyarhin annich bases,

phosphoraﬂ&ide%nﬁm?ﬁ%%ﬁm&;%ﬁ&H&mﬂgwgﬁ% gisPSERANLYISEASILY Rdex-aprRvers, and

20 mixtures thereof. These basic nitrogen-containing compounds are described below (keeping in

mind the reservation that eaehEMStbRYR AlIRASE QBB MASIFRFRGRARLLiTNG HRosNRataining

compositions may be post-treated with, e.g., boron, using
present of a catalyst (e.g., an acidic, basic or Lewis acid catalyst). Examples of suitable

catalysts include, but are not limited to, phosphoric acid, boron trifiuoride, alkyl or aryl
sulfonic acid, alkali or alkaline carbonate. The same solvents or diluents as described
10 above with respect to the preparing the polyalkylene succinic anhydride may also be used
in the cyclic carbonate post-treatment.
A particularty preferred cyclic carbonate for use herein is 1,3-dioxolan-2-one
(ethylene carbonate).
The basic nitrogen compound used to prepare the colloidal suspensions of the
15 present invention must contain basic nitrogen as measured by ASTM D664 test or
D2896. It is preferably oil-soluble. The basic nitrogen compounds are selected from the
group consisting of succinimides, polysuccinimides, carboxylic acid amides, hydrocarbyl
monoamines, hydrocarbon polyamines, Mannich bases, phosphoramides,
thiophosphoramides, phosphonamides, dispersant viscosity index improvers, and
20 mixtures thereof. These basic nitrogen-containing compounds are deseribed below
{keeping in mind the reservation that each must have at least one basic nitrogen). Any of
the nitrogen-containing conipositions may be post-treated with, e.g., boron, using

procedures well known in the art so long as the compositions continuie to contain basic
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procedures well known in the art so long as the compositions continue to contain basic 13 nitrogen.
These post-treatments are particularly applicable to succinimides and Mannich base compositions.
The succinimides and polysuccininudes that can be used to prepare the colloidal suspension of the
present invention are disclosed in numerous references and are well 5 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 3,272,746, the contents of which

are incorporated by reference herein. The term "succinimide” is understood inéli“le art.to.include many

of he amide. art SR e e e D e B SRS B iRt

however, is a 19&%%0&;{}{. i&ﬁ(}%@d this term has been generally accepted as meaning the product of a
I )

reaction of an alkenyl substituted succinic acid or anhydride with a nitrogen-containing compound.

Preferred succinimidesshegause, el EAmuRIGial dualailive, aie 1956 SUEHDIIdSS Argpared

from a hydrocarbyl succinic anhydride, wherein the hydrocarbyl group contains from about 24 to about

350 carbon atorgg,And AnegthyisRsaMmiRenaaifhlo Rl RN AINES helag capecialy pharacterized by

ethylene diamine, diethylene triamine, triethylene tetramine, tetraethylene pentamine, and higher

molecular weightpelyeihvlene amingsnRarticsarly, pretared-aetesenugeinimides.pepared from
polyisobutenyl succinic anhydride of 70 to 128 carbon atoms and tetraethylene pentamine or higher

molecular weighinpeireihene amises o Mixtucesiefinelyethuiane auireesuchihabthes2@. average
molecular weight of the mixture is about 205 Daltons. Also included within the term "succinirnide” are
the co-oligomers,0f8892; and 3,272,746, the contents of which are incorporated by reference herein.
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
10 succinimide and this term has been generally accepted as meaning the product of 2
reaction of an alkenyl substituted succinic acid or anhydride with a nitrogen-containing
compound. Preferved succinimides, because of their commercial availability, are those
succinimides prepared from a hydrocarbyl succinic anhydride, wherein the hydrocarbyl
group contains from about 24 to about 350 carbon atoms, and an ethylene amine, said
15  ethylene amines being especially characterized by ethylene diamine, diethylene triamine,
iriethylene tetramine, tetracthylene pentamine, and higher molecular weight polyethylene
amines. Particularly preferred are those succinimides prepared from polyisobutenyl
succinic anhydride of 70 to 128 carbon atoms and tetraethylene pentamine or higher
molecular weight polyethylene amines or mixtures of polyethylene amines such that the
20 average molecular weight of the rﬁixture is about 205 Daltons. '
Also 1ncluded within the term "succinimide” are the co-oligomers of a

hydrocarbyl succinic acid or anhydride and a polysecondary amine containing at least one

tertiary amino nitrogen in addition to two or more secondary amino groups. Ordinarily,
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hydrocarbyl succinic acid or anhydride and a polysecondary amine containing at least one tertiary
amino nitrogen in addition to two or more secondary amino groups. Ordinarily, 14 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 ethylene dipiperazine. If desired, the
foregoing succinimides and polysuccininudes can be post-treated 5 with a wide variety of post-treating
reagents, e.g., with a cyclic carbonate. The resulting post-treated product has one or more nitrogens
of the polyaming moiety substituted with a h dr?o{ﬁl hydrocarbyl oxycarbonyl, a hydroxy. -

poly(oxyalkylenByoSQBEPELNDI 145 Reriress AUtk $H08,8)5midre REbEIE e e Al Bifthixture

thereof. The cyclic carbgnate post-treatment is ordinarily conducted under conditions . 10 sufficient t
cause reaction SYTREEYL EATBG AHERITHSECHHAAH MR B BESbP e B Stbuents.

The reaction is otildip%rail i%on%%?ted at temperatures ranging from about preferably from about OC to
about 250C and p?’effera ypferomrieooc to about 200C. Generally, best results are obtained at

temperatures of from #bul 1306 19,1806, 18 Phe-faaction maube, sonducled neat,and.may or may
not be conducted in the presence of a-catalys (suc as anacraic, basic or Lewis acid catalyst).

Deperdng g i EAEVALDS g el Sl ot oo 0 e

acid, boron triflypude, Al QlaaEy kL EaRiG: AR, ARM kel P13 KRG .ER R 28 CAIRARALE with
a hydroxy hydrocarbyl oxycarbonyi, a hydroxy poly{oxyalkylene) oxycarbonyl, a
hydroxyalkylene, hydroxyalkylenepoly(oxyalkylene), or mixture thereof.

The cyclic carbonate post-treatment is ordinarily conducted under conditions

10 sufficient to cause reaction of the cyclic carbonate with secondary amino groups of the
polyamino substituents. The reaction is ordinarily conducted at temperatures ranging
from about preferably from about 0°C to about 250°C and preferably from 100°C to
about 200°C.  Generally, best results are obtained at temperatures of from about 150°C
to 180°C.

15 The réaction may be conducted neat, and may or may not be conducted in the
presence of a catalyst (such as an acidic, basic or Lewis acid catalyst). Depending on the
viscosity of the reactants, it may be desirable to conduct the reaction using an inert
organic solvent or diluent, e.g., toluene or xylene. Examples of suifable catalysts include
phosphoric acid, boron trifluoride, alkyl or aryl sulfonic acid, and alkali or alkaline earth

20 carbonate.

A particularly preferred cyclic carbonate is 1,3-dioxolan-2-one (ethylene

carbonate) because it affords excellent results and also because it is readily available

commercially.
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A particularly preferred cyclic carbonate is 1,3-dioxolan-2-one (ethylene carbonate) because it affords
excellent results and also because it is readily available commercially. 15 The molar charge of cyclic
carbonate employed in the post-treatment reaction is preferably based upon the theoretical number of
basic nitrogen atoms contained in the polyatnino substi,tutent of the succinimide. Thus, when one
equivalent of tetraethylene pentamine is reacted with two equivalents of succinic anhydride, the
resulting bis 5 succinimide will theoretically contain three basic nitrogen atoms. Accordingly, a molar
charge ratio of 2 Wouldrfe uire that two moles of cyclic carbonate be added for each basic nitrogen, or
in this case 6 moles of cﬁ?c?ﬁg car %rri%etgf%icelgc%arr%) %tee%rﬁ 33?’3%%@5 @(??ﬁl?ﬁ?&rg? RhSTETHILE of the
cyclic carbonat %’fépa% =X isc}a iQet itr, enare %%alleig the range of from about 1:1 to about 4:1;
b { ) . :
preferably fromﬁé out él}l to a E%)utnBE:]ie '%%ml_fhlé: oregoﬁ'lrg su%%ﬁ%%’fﬁ%%nﬁ%so?%u%gﬁ%llrlﬁ‘ltees, including

the post-treated,, o5 ans descuback ahONE, A0 21aA LS RRCRCNIN ROt Reld.ahg piflilar boron

compound to form™berated dispersants. In addition to boric acid, examples of suitable boron

compounds nclde,baren.auies bpron baldRs nd elers Akpie At Raneral,fom about 0.1

equivalent to about | equivalent of boron compound per 15 equivalent of basic nitrogen or hydroxyl in

the compositions, afits: iRVeMiieRINAYDE SMRIRYRd. CatbaxlicacithAMide compaunds aig also

useful nitrogen-containing compounds for preparing the colloidal suspensions of this invention.

Typical of such gempaudsEare dhrsefisslasedin MoRs BatghliNoddPrO84. dheiaentapts of which

are incorporated by
basic nitrogen, or in this case 6 moles of cyclic carbonate for each mole equivalent of

succinimide. Mole ratios of the cyclic carbonate to the basic amine nitrogen are typically
in the range of from about 1:1 to about 4:1; preferably from about 2:1 to about 3:1.

10 The foregoing succinimides and polysuccinimides, including the post-treated
compositions described above, can also be reacted with boric acid or a similar boron
compound to form borated dispersants. In addition to boric acid, examples of suitabie
boron compounds include boron oxides, boron halides and esters of boric acid.

Generally, from about 0.1 equivalent to about 1 eqﬁivalent of boren compound per

15 eq_qivalent of basic nitrogen or hydroxyl in the compositions of this invention may be
emploved.

"";; Carboxylic acid amide compounds are also useful nitrogen-containing compounds
for preparing the colloidal suspensions of this invention. Typical of such compounds are
those disclosed in U.S. Patent No.3,405,064, the contents of which are incorporated by

20 reference hereiﬁ. These compounds are ordinarily prepared by reacting a qarboxyiic 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 hydrocarbyl polyamine, such as an
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20 reference herein. These compounds are ordinarily prepared 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 hydrocarbyl polyamine, such as an 16 ethylene amine, to give a mono or
polycarboxylic acid amide. Preferred are those amides prepared from (1) a carboxylic acid of the
formula R2ZCOOH, where R2 is C1220 alkyl or a mixture of this acid with a polyisobutenyl carboxylic

acid in which the polyisobutenyl group contains from 72 tg 128 carbon atoms and (2) an ethylene
amine, especialﬁ/t%/{gr%léatﬁ%enﬁey?eﬁg?nﬁpﬁ%%? t%rtpa()&ﬁ%g?fgbgﬁfémd& hisdired e e ARBHer class

of useful nitrogen-containin mpounds, are hydrocarbyl m ines and ydrocarby polyamines,
Erefefrably of :\hep ff/%%m |s§c%%gg flngflj%.x &é‘fé‘ﬁ%ﬂéﬁ‘?,y&%}%?rﬁ@ %%h%ﬁ%ﬁ(ﬁ%%ﬁ%? lfﬁlc?)’"rﬁczrated
y reference he ar I ch.is prefer a r. inic having one or two
sites of 10 unsaﬁ%%%?ﬁ%%%@:ggéag%?%%%l lg[%ng?% p% Zi?;a%iié r}é‘)krﬁﬁ % 20 %‘5?%%% oms.

Particulany preferted diacar ReNATMISES AR JN9Re NS ASARNEd, 8l X LRSI

polyisobutenyl chloride and a polyalkylene polyamine, such'as an ethylene aminég, e.g.; ethylene

diamine, disthylgnarsianipeBliRRIASIRENITIAG AR NGSPiRgazine, 1,3-propylene diamine,

1,2-propylenediamine, and the like. 15 Yet another class of useful nitrogen-containing compounds are
the Mannich base comppuRslsiEReseCAMRRKIKE. 868 AFRRALSCFAMAR RAGNRLGrG34 200 alkylphenol,

an aldehyde, such as formaldehyde or formaldehyde precursor such as parafonnaldehyde, and an
amine compoungodfignaieinadBMRe ATIQRERIRALY RINSBRABRICA) e disclosed in U.S. Patent

No. 3,574,576, the contents of which are incorporated by reference herein. The

hydrocarbyl group, which is preferably alkyl, or olefinic having one or two sites of

10 unsaturation, usually contains from 9 to 350, preferably from 20 to 200 carbon atoms.

Particularly preferred hydrocarbyl polyamines are those which are derived, e.g., by

reacting polyisobutenyl chloride and a polyalkylene polyamine, such as an ethylene

amine, ¢.g., ethylene diamine, diethylene triamine, tetracthylene pentamine,

Z-aminoethylpiperazine, 1,3-propylene diamine, 1,2-propylenediamine, and the like.

15 Yet another class of useful nitrogen-containing compounds are the Mannich base

compounds. These compounds are prepared from a phenol or Cy.go alkylphenol, an

e

aldehyde, such as formaldehyde or formaldehyde precursor such as paraformaldehyde,
and an amine compound. The amine may be a mono or polyamine and typical
compounds are prepared from an alkylamine, such as methylamine or an ethylene amine,
20 such as, diethylene triamine, or tetraethylene pentamine, and the like. The phenolic
material may be sulfurized and preferably is dodecylphenol or a Cgg.109 alkylphenol,
Typical Manmich bases which can be used in this invention are disciosed in U.S. Patent

Nos. 3,539,663, 3,649,229; 3,368,972 and 4,157,309, the contents of which are
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compounds are prepared from an alkylamine, such as methylamine or an ethylene amine, 20 such as,
diethylene triamine, or tetraethylene pentamine, and the like. The phenolic material may be sulfurized
and preferably is dodecylphenol or a C80.100 alkylphenol. Typical Mamuch bases which can be used
in this invention are disclosed in U.S. Patent Nos. 3,539,663, 3,649,229; 3,368,972 and 4,157,309,
the contents of which are 17 incorporated by reference herein. U.S. Patent No. 3,539,663 discloses
Mannich bases prepared by reacting an alkylphenol having at least 50 carbon atoms, preferably 50 to
200 carbon atoms with formaldehyde and. an alkylene Po amine HN(ANH)" H where A is a saturated
divalent alkyl-hy HIEERBBEOY L EIEREG D6 Btohs aFiteR i?é-—ié%?m@%ﬁé@ﬁ@é KlasHdeRsstion product
of said aIkernegrc[)eA\gamiEirE may be further reacted with urea or_ thiourea. The utility of these Mannich

bases as startin S PReSaity RisReLERg i rA gt e e b SR AR oved by

treating the Mannich base using conventional techniques to introduce boron into the compound. Still
yet another c|as§3§? U8 ulpﬁiﬁlgg %8&%’[?5‘?&9&%&%& g e NGe PRk ideEahis 2
phosphonarnides suc .those disclpsed in U.S. Patent Nos. 3,909,430 and 3,968,157, the contents
of which are incg?'ﬁg?g%éﬁ(? By en? i ?%/ﬁrgfeafr? .Onl'?mgzsa o '&8&%&9 & bﬁ'éb]é)rétﬂdb‘ﬂ‘/dﬁfﬁﬁmg a

by referenc

phosphorus.co ing gt least_one P:-N bond.. They can be prepared, for example, b
us<C ”&BRH&%a %ﬁﬁ &)goguo?o sal Ba/é(lyleneévq?&ag}llzhe ; ayabe o be,ragtﬁ%\ﬁ% )?(ﬁﬁ?eobr b?//

reacting phosphorus oxychloride with a ocarby e’pre

reacting phosphggus, 1o Oﬁy&mgﬁygf\%%e é%%igg%ssa%cs n 1%%1%1@“% d a mono-functional amine.
are a

Thiophosphoramides can be pre y reacting an unsatur Yy rocarb rﬁeggﬁ%@ound containing

from 2 to 45Q orlﬁ%?f(%ﬁ?é%%@&}més SHEBRS BY 'éigﬂf%%ﬂﬁy @18'%"(%9&%& §0ting the Mannich base

using conventional techniques to introduce boron into the compound.
Still yet another class of useful nitrogen-containing compoun;:is are the

10 phosphoramides and phosphonamides such as those disclosed in U.S. Patent Nos.
3,909,430 and 3,968,157, the contents of which are incorporated by reference herein.
These compounds may be prepared by forming a phosphorus compound having at least
one P--N bond. They can be prepared, for example, by reacting phosphorus oxychlbride
with a hydrocarbyl diol in the presence of a monoamine or by reacting phosphorus

15 oxychloride with a difunctional secondary amine and a mono-functional amine,
Thiophosphoramides can be prepared by reacting an unsaturated hydrocarbon compound
containing from 2 {o 450 or more carbon atoms, such as polyethylene, polyisobutylene,
polypropylene, ethylene, 1-hexene, 1,3-hexadiene, isobutylene, 4-methyl-1-pentene, and
the like, with phosphorus pentasulfide and a nitrogen-containing compound as defined

20 above, particularly an alkylamine, alkyldiamine, alkylpolyamine, or an alkyleneamine,
such as ethylene diamine, diethylenetriamine, triethylenetetramine,

tetracthylenepentamine, and the like.
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polypropylene, ethylene, 1-hexene, 1,3-hexadi.ene, isobutylene, 4-methyl-lI-pentene, and the like, with
phosphorus pentasulfide and a nitrogen-containing compound as defined 20 above, particularly an
alkylamine, alkyldiamine, alkylpolyamine, or an alkyleneamine, such as ethylene diamine,
diethylenetriamine, triethylenetetramine, tetraethylenepentamine, and the like. 18 Another class of
useful nitrogen-containing compounds includes the so-called dispersant viscosity index improvers (VI
improvers). These VI improvers are commonly prepared by functionalizing a hydrocarbon polymer,
especially a polymer derived from ethylene and/or propylene, optionally containing additional units
derived from one or 5 M8RIEEhsHONEr Bk DRFPaY RS EiRiE eniphaidslathisior Bivtefrmlethe
functionalization may be carried out by a variety of processes which introduce a reactive site or sites
which usually hal RE R a3 G ERBRAOSHTtHY B Phel BEig e FITaTSH domtast@Pith a
nitrogen-containinéso%r eaﬁ}?ﬁi[;?tro ce nitrogen-containing functional groups on the polymer
backbone. ComMionT Usad MBI L8R AL ST ae ™Ry B hESRE At g ROLER B slsHd sk B ially those

nitrogen-contain(i3 £Ompo nds and com ositiﬂns described herein, Preferred nitrogen sources are

alkylene amines StCh as ethyTSRa ShiraSioRikyY SPRIREENE 4d ORM RIS AL of e BAERGENT 15
If desired, a<det C lso he added to the collgidal suspension of t resent invention. Suitable
T g{gﬁn&) '%r?oﬁﬂ? éssl:l?cql ar aﬁ(g{q& ‘%‘ééq ]l%?at LS O(h(li?g%e@éj‘rb%ai%d or low overbased),

detergents for use herein inc Ut are mi pnenates
high overbased phenaiesiaaiaias, RIZARIAES. SAICVIAISS RPsRIonass hioposphonates, ionic
surfactants and sulfonates and the like
site or sites which usually has at least one oxygen atom on the polymer. The polymer is
then contacted with a nitrogen-containing source to introduce nitro gen-containing
functional groups on the polymer backbone. Commonly used nitrogen sources include
10 any basic nitrogen compound especially those nitrogen-containing compounds and

compositions described herein. Preferred nitrogen sources are alkylene amines, such as

ethylene amines, alkyl amines, and Mannich bases.

THE DETERGENT

15 If desired, a detergent can also be added to the colloidal suspension of the present
invention. Suitable detergents for use herein include, but a%e not limited to, phenates
(high overbased or low overbased), high overbased phenate stearates, phenolates,
saliéyiates, phosphonates, thiophosphonates, ionic surfactants and sulfonates and the like
with sulfonates being preferred and with low overbased metal sulfonates and neutral

20 metal sulfonates being most preferred. Low overbased metal sulfonates typically have a
total base number (TBN) of from about 0 to about 30 and preferably from about 10 to
about 25, Low overbased metal sulfonates and neutral metal sulfonates are Well‘known

in the art,
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with sulfonates being preferred and with low overbased metal sulfonates and neutral 20 metal
sulfonates being most preferred. Low overbased metal sulfonates typically have a total base number
(TBN) of from about 0 to about 30 and preferably from about 10 to about 25. Low overbased metal
sulfonates and neutral metal sulfonates are well known in the art, 19 The low overbased or neutral
metal sulfonate detergent is preferably a low overbased or neutral. alkali or alkaline earth metal salt of
a hydrocarbyl sulfonic acid having from about 15 to about 200 carbon atoms. The term "metal
sulfonate" as used herein js intended to encompass at least the salts of sulfonic acids derived from
petroleum 5 products. &%W%ﬁ’é@ﬁ?@e@/@ﬂW&%Ef’?ﬁtfﬂméug‘f%@éﬁﬁ%tdﬁ)ﬁﬁf@@tﬂy example,
treating petroleum products with sulfuric acid or sulfur trioxide. The acids obtained therefrom are
known as petrol8‘ﬂ?ﬂ3gfﬁ ?ﬁél%faiagf?&lﬁfeag%%?ea%aﬁét%q?&ﬁ?@ﬁ#&ﬁ’é(fggcaméils%ff‘fﬂjé peiffoleum

duct which b If t il-splubili drocarbon Also, the meaning of
metal sulfor ﬁg%@eﬁ.sou & ??ﬂscg% é\r‘lés 8I ffg %l{él%ég Su %Er@cﬁa? g ‘f’ﬁ@'i?c %ﬁl&ﬁe%llcenyl and

"metal sulfonate™is’i

alkyl aryl compoun eseacids_also are pr d by treating an alk lke Ior al%‘
compound Wlthoksluﬁ?ﬁr}lés acid" or8 sgul‘?ﬁ(rz%il1 etvg‘lgt)St%ea%g or?e“& é‘f%@ﬁtﬁ 1R & %%ﬁ"belng
an oil-solubyjlizi . i b e%j\t refrom now Ik qu ic acids, alkenyl
sulfonic aci%s o %ﬁy@%gﬁl%gg?d% tk‘\we%sl,gltt%e% al ylcgrﬁl on%ajl%g%éa gh;ﬂr i}éaiSLH Gnates or

alky ary sulfon%tsgm e agids oplaingd By sulenalion e SaRSrissie met@lsals fynepiralization
t

with one or more basic reacting alkali or aI aline earth metal compoun s toyie roup

therefrom are known as petroleum sulfonic acids and the salts as petroleumn sulfonates.
Most of the petroleum product which become sulfonated contain an oil-solubilizing
hydrocarbon group. Also, the meaning of “metal sulfonate” is intended to encompass the

10 salts of sulfonic acids of synthetic alkyl, alkenyl and alkyl aryl compdunds. These acids
also are prepared by treating an alkyl, alkenyl or alkyl aryl compound with sulfuric acid
or sulfur trioxide with at least one alkyl substituent of the aryl ring being an
oil-solubilizing group. The acids obtained therefrom are known as alkyl sulfonic acids,
alkenyl sulfonic acids or alkyl aryl sulfonic acids and the salts as alkyl sulfonates, atkenyl

15 sulfonates or alkyl aryl sulfonates.

The acids obtained by sulfonation are converted to metal salts by neutralization

with one or more basic reacting alkali or alkaline earth metal compounds to yield Group
IA or Group ITA metal sulfonates. Generally, the acids are neutralized with an alkali
metal base. Alkaline earth metal salts are obtained from the alkali metal salt by

20 metathesis. Alternatively, the sulfonic acids can be neutralized directly with an alkaline
earth metal base. If desired, the sulfonates can then be overbased to produce the low
overbased metal sulfonate. The metal compounds useful in making the basic metal salts

are generally any Group 1A or Group IIA metal compounds (CAS version of the Periodic
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IA or Group IIA metal sulfonates. Generally, the acids are neutralized with an alkali metal base.
Alkaline earth metal salts are obtained from the alkali metal salt by 20 metathesis. Alternatively, the
sulfonic acids can be neutralized directly with an alkaline earth metal base. If desired, the sulfonates
can then be overbased to produce the low overbased metal sulfonate. The metal compounds useful in
making the basic metal salts are generally any Group IA or Group IIA metal compounds (CAS version
of the Periodic 20 Table of the Elements). The Group IA metals of the metal compound include alkali
metals, e.g., sodium, potassium, lithium. The Group IZA metals of the metal base include the alkaline
earth metals suchibiroémipranenaynebiumoaaldiunstabarilith stelaPrefepabhy ihduetdkdompound for
use herein is calcium. The metal compounds are ordinarily 5 delivered as metal salts. The anionic
portion of the salf&ial- 52 hyardas, retidaiuraalifnmte Tho fateum i tactds. of kesuifehimseidsluseful in
making the low overhased or neutral salts include the sulfonic and thiosulfonic acids. Generally they
are salts of sulfdhfcetatiee sHEnnshicudrify remal, mraaipec sk mdisiuan sty iticferbiromatic
or cycloaliphatic 10 compounds. The oil-soluble sulfonates can be represented for the most part by

one of the follo ﬁé’%ﬁﬁﬁfﬁ@?% for urehasyingh g e sy SO BcirheraiRomdsaEs erdinidieus such as,

for example be%ﬁnefeg% htha&eng, e;l hhrac_en,e, diphenylene oxide, diphenylene sulfide, petroleum

> FIER B rd B LHMHSROMAN CARRSHA SRSy ARt fetc.; (R2)+T

naphthenes; etc:;
contains a total of at least about 15 carbon atoms; and 15 R3 is an aliphatic hydrocarbyl group
containing at Ieafs{%aqbgu@(’ é%fft%%%?b%csﬂ Examples of R3 are alkyl, alkenyl, alkoxyalkyl,

carboalkoxyalkyl, etc. %B@Siﬁ?o‘ﬁi&%ﬁ'seﬁsemz in making the low overbased or neutral salts include the

sulfonic and thiosulfonic acids. Generally they are salts of sulfonic acids. The sulfonic
acids include, for example, the mono- or polynuclear aromatic or cycloaliphatic

10 compounds. The oil-soluble sulfonates can be represented for the most part by one of the
iollowing formulae: Ry --T-~(SO3), and R3 --(SO3)y,, wherein T is a cyclic nucleus such
as, for example, benzene, naphthalene, anthracene, diphenylene oxide, diphenylene
sulfide, petroleum naphthenes, etc.; R is an aliphatic group such as alkyl, alkenyl,
alkoxy, alkoxyalkyl, etc.; (Ry}+T contains a total of at least about 15 carbon atomns; and

15 ‘Rg is an aliphatic hydrocarbyl group containing at least about 15 carbon atoms.
Examples of R, are alkyl, alkenyl, alkoxyalkyl, carboalkoxyalkyl, etc. Specific examples
of R; are groups derived from petrolatum, saturated and unsaturated paraffin wax, and the
above-described polyalkenes. The groups T, R, and R in the above Formulae can also
contain other inorganic_or organic substituents in addition to those enumerated above

20 such as, for example, hydroxy, mercapto, halogen, nitro, amino, nitroso, sulfide,
disulfide, ete. In the above Formulae, a and b are at least 1. In one embodiment, the
sulfonic acids have a substituent (R, or R3) which is derived from one of the

above-described polyalkenes.

21



of R3 are groups derived from petrolatum, saturated and unsaturated paraffin wax, and the
above-described polyalkenes. The groups T, R2, and R3 in the above Formulae can also contain
other inorganic or organic substituents in addition to those enumerated above 20 such as, for example,
hydroxy, mercapto, halogen, nitro, amino, nitroso, sulfide, disulfide, etc. hi the above Formulae, a and
b are at least 1. In one embodiment, the sulfonic acids have a substituent (R2 or R3) which is derived
from one of the above-described polyalkenes. 21 lIllustrative examples of these sulfonic acids include
monoeicosanyl-substityted rgtgphthalene sulfonic acids, dodecylbenzene sulfonic acids,

didodecylbenzene sulforier AN GL AMBIS e shE Larte 2R s sIcRRS sper bR siffsc acids,

dilauryl beta-naphthalene sulfonic acids, the sulfonic acid derived by the treatment of polybutene 5
DS S e RV oM TS PAIGE o Sl S5t BT S6b0:reterably

having a number average mo

about 800 to abqut.2000. or.about 1500 with chlorosuylfanic acid, nitronaphthaleng sulfonic acid,
paraffin wax sulf%%lclig’ 5%13 n lé%/lfgye/% oSpL%%)&lﬁél?lsﬁif%ggc aciar ,}Pgﬂ%ﬁéﬁ%ﬁggﬂ‘&ﬁﬁéss&#&}’ﬁg}acids,

polvethieny suhsghslgnc e SN [oieyens 0ol o abou 0. aou

1000, and preferably about 750), etc. ormally & all IC groups Wi

roups such:tha | ' rbons fs atleast ?OeUt ruf I k tl 2upto
gbouut 400 rgarbgé@éﬁ%%%%ﬁ%ﬁ%&%ﬁ&%gg%X?s%ﬁﬁgs%? I é%%prgfﬁs&%t%neé %ﬁ?é};\%%@@.t%&: those

disclosed in U.S,@aigpt, oo 430 3ol ansnis.l Weh e JIRIRaralse by reference herein

15 Another group of sulfonic acids are mono- , di- , and tri-alkylated benzene an
nitronaphthalene sulfonic acid, paraffin wax sulfonic acid, cetylcyclopentane, sulfonic

acid, lauryl-cyclohexane sulfonic acids, polyethylenyl-substituted sulfonic acids derived
from polyethylene (M, of from about 300 to about 1000, and preferably about 750), etc.

10 Normally the aliphatic groups will be alkyl and/or alkeny! groups such that the total
number of aliphatic carbons is at least about 8, preferably at least 12 up to about 400
carbon atoms, preferably about 250, Also useful are polyisobutene sulfonates, e.g., those
disclosed in U.S. Patent No. 6,410,491, the contents of which are incorporated by
reference herein.

15 Another group of sulfonic acids are mono- , di- , and tri-alkylated benzene and
naphthalene (including hydrogenated forms thereof) sulfonic acids. Nustrative of
synthetically produced alkylated benzene and naphthalene sulfonic acids are those
containing alkyl substituents having from about 8 to about 30 carbon atoms, preferably
about 12 to about 30 carbon atoms, and advantageously about 24 carbon atoms. Such

20 acids include di-isododecylbenzene sulfonic acid, polybutenyl-substituted sulfonic acid,

polypropylenyl-substituted sulfonic acids derived from polypropene having an M, of

from about 300 to about 1000 and preferably from about 500 to about 700,

cetylchlorobenzene sulfonic acid, di-cetylnaphthalene sulfonic acid,
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naphthalene (including hydrogenated forms thereof) sulfonic acids. Illustrative of synthetically
produced alkylated benzene and naphthalene sulfonic acids are those containing alkyl substituents
having from about 8 to about 30 carbon atoms, preferably about 12 to about 30 carbon atoms, and
advantageously about 24 carbon atoms. Such. 20 acids include di-isododecylbenzene sulfonic acid,
polybutenyl-substituted sulfonic acid, polypropylenyl-substituted sulfonic acids derived from
polypropene having an Mn of from about 300 to about 1000 and preferably from about 500 to about
700, cetylchlorobenzene sulfonic acid, di-cetylnaphthalene sulfonic acid, 22 di-lauryldiphenylether
sulfonic acid, diidblgRylekzshetsarsHrnicdidalisermsbeayme sebRrisandnic acid,
stearylnaphthalene sulfonic acid, and the like. Specific examples of oil-soluble sulfonic acids are
mahogany sulfoffiésaefidiesrpmzerscrdansmedatier dnmorialrislionicer FomdubrikkEng oil
fractions having a 5 Saybqlt viscosity from _about 100 seconds at 100F. to about 200 seconds at
210F.; petrolatum sulfohie (i(%,ﬁ?f%% 9%1 g@ﬁ/ﬁ%@&’ﬁﬁﬁ@%@f%ﬁ?ﬁﬁ%’éﬁﬁ“ﬂ)@%ﬁ&ﬁb acids of,

e.g. benzene, naplnalepe, plenol ene ether, Taphialene e, o dter substiued

sulfonic acids suctras alkyl benzene sulfonic acids (wheré the

e aa v Al B L BRI O R S B, BB one

_ ottoms™ sultonic aci cyl be_nzen_e ottoms™ sulfonic acids
e he ot e oo ol date bemene B OROS IR G
may be acids of, e.g., benzene, naphthalene, phenol, dipheny! ether, naphthalene disulfide, etc.;
other substituted sulfonic acids such as alkyl benzene sulfonic acids (where the alkyl
group has at least 8 carbons), cetylphenol mono-sulfide sulfonic acids, dilauryl beta
10 naphthyl sulfonic acids, and alkaryl sutfonic acids such as dodecyl benzene "bottoms"
sulfonic acids.
Dodecyl benzene "bottoms” suifonic acids are the material leftover after the
removal of dodecyl benzene sulfonic acids that are used for household detergents. These
materials are generally alkylated with higher oligomers. The bottoms may be
15 straight-chain or branched-chain alkylates with a straight-chain dialkylate preferred.
Particularly preferred based on their wide availability are salts of the petroleum
;o sulfonic acid, e.g., those obtained by sulfonating various hydrocarbon fractions such as
iubricaﬁng oil fraction and extracts rich in aromatics which are obtained by extracting a
hydrocarbon oil with a selective solvent, which extract may, if desired, be alkylated
20 before sulfonation by reacting them with olefins or atkyl chlorides by means of an

alkylation catalyst; organic polysulfonic acids such as benzene disulfonic acid which may

or may not be alkylated; and the like.
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15 straight-chain or branched-chain alkylates with a straight-chain dialkylate preferred. Particularly
preferred based on their wide availability are salts of the petroleum sulfonic acid, e.g., those obtained
by sulfonating various hydrocarbon fractions such as lubricating oil fraction and extracts rich in
aromatics which are obtained by extracting a hydrocarbon oil with a selective solvent, which extract
may, if desired, be alkylated 20 before sulfonation by reacting them with olefins or alkyl chlorides by
means of an alkylation catalyst; organic polysulfonic acids such as benzene disulfonic acid which may
or may not be alkylated; and the like, 23 Other particularly lgreferred salts for use herein are alkylated

aromatic sulfonic acidSRriwrcH HsTEIRy AR r it faidrealaceeintmadirbned armiats sutssis atoms and

preferably from about 8 to about 22 carbon atoms. Another preferred group of sulfonate starting
materials are th&HigRatiRidt W& ridd 1eht CURtITRISRIBEIA HHier thefptubersiipsitdent or
substituents contai tal of at least 12 carbgn atoms such as, for example, alkyl aryl sulfonic acids,
alkyl cycloaliphéﬁ%%@h&%ogb%@? fhget%@}g}?uhg%e %’ﬁﬁﬁ:t%tﬂﬁor%o THE S e shatR YUt Scids in
which the aliphatic_radical or radicgls contain a total of at least 12 carbon atoms. Specific examples of
these oiI-solublégttagtﬁﬁgrﬁzllgtg%fgss%cc uf(::iéi,1 r}h lgr'éuncsf? tﬁlrr?f%g %gc 5%@&%&%%%%%650%%3 fBfatum 10

sulfonic acigs; mane:. 1%?1? ?9%%&\{&%%%%%] %}ﬁ% QO?%TE%'?Q&% S foni)c acids; suthitut_d sulfonic acids

car atoms such or . .
such as cetyl benzene sulfonic acids, cetyl pheny Snic acidsand the fi e, a ||53ﬁ’a IC sulfonic acids

oo Pl gy S PRI e e e ke
and poly-wax-SyReHUNRS: sulfonic acids and aliphatic sulfonic acids in which the aliphatic radical or
radicals contain a fotal of at least 12 carbon atoms. Specific examples of these oil-soluble
sulfonic acids include_, but are not limited to, petroleum sulfonic acids; petrolatum
10 sulfonic acids; mono-~ and poly-wax-substituted naphthalene sulfonic acids; substituted
sulfonic acids such as cetyl benzene sulfonic acids, cetyl phenyl sulfonic acids and the
like; aliphatic sulfonic acids such as paraffin wax sulfonic acids, hydroxy-substituted
paraffin wax sulfonic acids and the like; cycloaliphatic sulfonic acids; petroleum
naphthalene sulfonic acids; cyclopentyl sulfonic acid; mono- and poiy—wax—substimted
15 cyclohexyl sulfonic acids and the like. The expression “petroleum sulfonic acids” as
used herein shall be understood to cover all sulfonic acids that are derived directly from
- petroleum products.
Typical Group IIA metal sulfonates suitable for use herein include, but are not
limited to, the metal sulfonates exemplified as follows: calcium white oil benzene
20 sulfonate, barium white oil benzene sulfonate, calcium dipropylene benzene sulfonate,
barium dipropylene benzene Sqifonate, caleium mahogany petroleum sulfonate, barium

mahogany petroleum sulfonate, calcium triacontyl sulfonate, calcium lauryl sulfonate,

barium lauryl sulfonate, and the like.
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15 cyclohexyl sulfonic acids and the like. The expression "petroleum sulfonic acids" as used herein
shall be understood to cover all sulfonic acids that are derived directly from petroleum products.
Typical Group IIA metal sulfonates suitable for use herein include, but are not limited to, the metal
sulfonates exemplified as follows: calcium white oil benzene 20 sulfonate, barium white oil benzene
sulfonate, calcium dipropylene benzene sulfonate, barium dipropylene benzene sulfonate, calcium
mahogany petroleum sulfonate, barium mahogany petroleum sulfonate, calcium triacontyl sulfonate,
calcium lauryl sulfonate, barium lauryl sulfonate, and the like. 24 The acidic material used to
accomplish the formatigis 8fighe B seedotarempishthbdoantizfinyg efitts avefersetamileiaiormic
acid, acetic acid, nitric acid, sulfuric acid, etc, or an inorganic acidic material such as, for example,
HCI, S02, SO3,5eT%, 2l Wb aithr corping prSfasdRcPhe asidotiiiopreidion fmgadil used
depends in some respects 5 upon the desired basicity of the product in question and also:upon the
amount of basi® metaFBAREBIR ECEHIRASPNIER Rl SRR fotAnilindQrofCabBel. Bio about 10,

preferably from about 1.2 to aboyt 8 and most preferably. from about 1.7 to about 6.0 equivalents per
%%#ﬁegggﬁé% El¥ ci%&eﬁ%ﬂﬁ‘e‘)ﬁ& CqRatEiYSRErLRP B BBGWFRE Surface of

equivalent of ac
the reaction mixture that,contains.additijopal (i.e., amounts in 10 excess of what is requijred to convert
the acid qu%ntit%ﬁ%l@?gi i R QQEH%?lgcqa?ét?ﬁ?\taé}?aﬁlﬁ?n‘f%%ige 33%16%?@%?% is used to

e meta SX\IB HASE
react with thee%%as hasic metal f%omda‘%ln gsen or V\Qlc can he added

durin . comgmm emg (& dp Wlﬁlc‘g m?ié?o?a?la{%%w 01&1 a%ou qg OLF 1
g this step. € reaction medium used to prepare‘the [ow overbased metal su fonate or neutral
preferably from about 1.2 to about 8 and most preferably from about 1.7 to about 6.0
equivalents per equivalent of acid. In the case of an acidic gas, the acidic gas is generally
blown below the surface of the reaction mixture that contains additional (i.e., amounts in
10 excess of what is required to convert the acid quantitatively to the metal salt) base. The
acidic material employed during this step is used to react with the excess basic metal
compound which may be already present or which can be added during this step.
The reaction medium used to prepare the low overbased metal sulfonate or neutral
metal sulfonate is typically an inert solvent. Suitable inert solvents that can be employed
15 herein include oils, organic materials which are readily soluble or miscible with oi] and
the lik’e. Suitable oils include high boiling, high molecular weight oils such as, for
. ] | example, parrafinic oils having boiling points higher than about 170°C. Commercially
available oils of this type known to one skilled in the art include, e.g., those available
from such sources as Exxon under the Isopar® tradenames, e.g., Isopar® M, Isopar® G,
20 Tsopar® H, and Isopar® V, and the Telura® tradename, e.g., Telura® 407, and Crompton
Corporation available as carnation oil. Suitable organic solvents include unsubstituted or

substituted aromatic hydrocarbons, ethoxylated long chain alcohols, e.g., those

ethoxylated alcohols having up to about 20 carbon atoms, and mixtures thereof. Useful
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metal sulfonate is typically an inert solvent. Suitable inert solvents that can be employed 15 herein
include oils, organic materials which are readily soluble or miscible with oil and the like. Suitable oils
include high boiling, high molecular weight oils such as, for example, parrafinic oils having boiling
points higher than about 170C. Commercially available oils of this type known to one skilled in the art
include, e.g., those available from such sources as Exxon under the Isopar(r) tradenames, e.g.,
Isopar(r) M, Isopar(r) G, 20 Isopar(r) H, and Isopar(r) V, and the Telura(r) tradename, e.g., Telura(r)
407, and Crompton Corporation available as carnation oil. Suitable organic solvents include
unsubstituted oM &SiBEHTkeCA SRRk S O RAYE S ErHERYmiad Uan e Airs A ReSKBIs nange gisse
ethoxylated alclcigo having up to about 20 carbon atoms, and mixtures thereof. Useful 25
unsubstituted or U 1§‘f’rtuted aromatic hydrocarbons include high flash solvent naptha and the like. If

desired, a promoter ¢ Iso be employed in preparing the low overbased metal sulfonate or neutral
metal sulfonate. A proar{n}o%%srlri% 2 dhi Irlrlﬁ))é%ﬁ %%658§§8 ?g‘?g%}iﬁ {8 R B RS ISMA SR BTEE Rto the
basic metal compgsitigns. Among the chemicals yseful as promoters are, far ex m%ﬁ, water,
ammonium hydrsgli%%%%gP&fnﬁ%gggﬁg%fsﬁlzggaa%outfgoggr%lghs gt%()ﬁr%nsl,l Cr%tﬁ%}éaﬁﬁe,(gfﬂ 87‘5%?&, €

hydrochlorig aciﬂmg}ﬁ)[z?éggérﬁ%g&g iﬁﬁ;et%?%%'ﬁhggt%ﬁ!l&ﬂ gﬁ%ﬁgl@d}q x(igr?lg ﬁ%ngllg%rlgiz%leillrsneta% tlnéglroxides

such as lithium hydr ium hydroxide and potassi mono- anélsﬁolllyhydric

alcohols of up t%mgé%%?@%ﬁ@Wﬁeﬁémwﬁ%%ﬁ%ﬁ%%%@%é?%‘%ﬁaa (g)ldb((eftu %pol,

isopropanol, dodecanol, behenyl alcohol, ethylene glycol, ene glycaol,

hexamethylene ghical.alvceralieeniaaniiriohReradAeaRel Lheueind.Altohak agents such

as alkyl salicylaldoxime, and alkali metal hydroxides such as lithium hydroxide, sodium
hydroxide and potassium hydroxide, and mono- and polyhydric alcohols of up to about
10 30 carbon atoms. Examples of the alcohols include methanol, ethanol, isopropanol,
dodecanol, behenyl alcohol, ethylene glycol, monomethylether of ethylene glycoi,
hexamethylene glycol, glycerol, pentaerythritol, benzyl alcohol, phenylethyl alcohol,
aminoethanol, cinnamyl alcohol, allyl alcohol, and the like. Especially useful are the
monohydric alcohols having up to about 10 carbon atoms and mixtures of methanol with
15 higher monohydric alcohols. Amounts of promoter will ordinarily range from about 0%
to about 25%, preferably from about 1.5% to about 20% and most preferably from about
2% to about 16% of acid charge.
In general, the dispersant mixture will ordinarily contain the low overbased metal
sulfonate or neutral metal sulfonate in an amount ranging from about I to about 20 and
20 preferably from about 5 to about 10 weight percent, based on the total weight of the

mixture.
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aminoethanol, cinnamyl alcohol, allyl alcohol, and the like. Especially useful are the monohydric
alcohols having up to about 10 carbon atoms and mixtures of methanol with 15 higher monohydrie
alcohols. Amounts of promoter will ordinarily range from about 0% to about 25%, preferably from
about 1.5% to about 20% and most preferably from about 2% to about 16% of acid charge. In general,
the dispersant mixture will ordinarily contain the low overbased metal sulfonate or neutral metal
sulfonate in an amount ranging from about 1 to about 20 and 20 preferably from about 5 to about 10
weight percent, based on the total weight of the mixture. 26 PROCESS FOR. PREPARING THE
COLLOIDAL SUSPENSIONR#f-6ive ERBIRHRMRENthd BreSeHLifiEHb S URBIBRGEES for preparing the

stable colloidal suspension of the present invention involves mixing, under vigorous agitation, a
reaction mixture compHsRTty SARBsHscE SIatRspseUrIpHg thd Y aregBinh P pBIVRIENE S8 sieunds;
and the foregoing dispersing agents, diluent oil and optional detergent to form a micro emulsion and
then heating the ARG ETHTIERSIPRPS HsrRpSFRRS RIS Y St mEBIg: Wileh d8veun sistioBethe

stable colloidal suspensian of the present invention. If desired, the foregoing dispersing agents and

detergents can FE QRIS TS SHREHIS LAMRM L ra-FomEr g e fessO MBRME BT Each alone
can be added, either 10 simultanepusly or sequentially. Alternatively, the dispersing agent, diluent oil
and option‘gl de(il:%lr%peoﬁltn gglma%éagg% (éurg%l?ﬁélﬁ ?f@lgﬁsaégﬂfﬁéﬁ%@a#ﬁ? ﬁﬁgg%f ‘gi?ﬁ@ﬁf‘%ﬁ? is used to

provide a suitable yisepsit, gt hat mpung is atleqate fo form 2. stale emulsion having an agueous
phase containing at least the polymeric compounts and an P |
sufficient water so as to produce the stable colloidal suspension of the present invéhtion.
If desired, the foregoing dispersing agents and detergents can be added to the aqueous
solution as a pre-formed dispersant mixture or each alone can be added, either
10 simultaneously or sequentially. Alternatively, the dispersing agent, diluent oil and
optional detergent can be added to the aqueous solution as an oil phase. A diluent oil is
- used to provide a suitable viscosity such that mixing is adequate to form a stable
emulsion having an aqueous phase containing at least the polymeric compounds énd an
0il phase containing the dispersing agent(s), diluent oil and optionally detergent(s).
15 Snitable diluents are known in the art and commercially available and include, for
example, lubricating oil and non-volatile liquid compounds containing only carbon and
3 hydrogen.
In a second embodiment of the present invention, a process for preparing a stahle
colloidal suspension involves at least mixing, under agitation, (a) an aqueous solution
20 comprising (i) one or more monomeric oompeuﬁds selected from the group consisting of
molybdenum, tungsten, and vanadium containing compounds and (ii) an effective amount

of an acid capable of at least partially polymerizing the one or more compounds, (b) one

or more dispersing agents, (¢} a diluent oil and optionally (d) a detergent to form a micro
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oil phase containing the dispersing agent(s), diluent oil and optionally detergent(s). 15 Suitable
diluents are known in the art and commercially available and include, for example, lubricating oil and
non-volatile liquid compounds containing only carbon and hydrogen. In a second embodiment of the
present invention, a process for preparing a stahlc colloidal suspension involves at least mixing, under
agitation, (a) an. agueous solution 20 comprising (i) one or more monomeric compounds selected from
the group consisting of molybdenum, tungsten, and vanadiurn containing compounds and (ii) an
effective amount_of an acid capable of at least partially polymerizing the one or more compounds, (b)
SIS R 165 BAUBROaH P SO Ay oy 2 U dr e R Bicro 27

one or more dispersing a

emulsion and then heating the micrq emulsion 10.a temperature to.remove sufficient water so as to
I’16“1‘ S 45 rogglce?herg}g}rﬁ[ COﬁOl tj e }O C .

produce the stabfe collaidal EUsHSRaiSH Gr the et SHRGEHAB YL S BN P RBodiment of the

present invention, & Piacess (anRreRAIng & atle selloidal suspension involves,atleact mixing, under

agitation, (a) an agqueou solution comprising one or more MOoNoMeric compotin §'$8ktted from the

group ConSiSti”thJIQi&mH{@aitﬁ%ﬂH&nﬁﬂg W é‘dﬁ“aEP tgini 9.59mpo nds, §b2 one or more

dispersing agents, (c) a diluent oil and optigngﬁ]y (5) al([i%étg} ent o f%r;%tlg%% S emuision and then

heating thesnicigGaAISiaRIRAIRTIORIAINE 19 [RMONE SHITEN, WAISLIQAR [APIRTce the stable

colloidal suspension of the present invention. 10, In'the microemulsion, the polym ompound or

monomeric molyleiuio BRI AARRE MRl < ARBILTLAhWANTL.ORAlpiag,compounds

will generally be present in the mixture in an amount ranging from about 5 to about 50 weight percent
dispersing agents, (c) a diluent oil and optionally (d) a detergent to form a micro

emulsion and then heating the micro emulsion to a temperature to remove sufficient
water so as to produce the stable colloidal suspension of the present invention.

10 . In the microemulsion, the polymeric compound or monomeric molybdenum,
tungsten, vanadium, niobium, tantalum, or uranium containing compounds will generally
be present in the mixture in an amount ranging from about 5 to about 50 weight percent
and preferably from about 10 to about 40 weight percent of the mixture. The dispersing
agent is typically present in an amount of from about 1 to about 25 weight percent and

15 preferably from about 5 to about 15 weight percent, the water is present in an amount
ranging from about 20 to 60 weight percent, while the diluent oil is present in an amount

P ranging from about 10 to about 70 weight percent. The detergent, if present, is employed
in an amount of from about 1 to about 10 weight percent and preferably from about 2 to

| about 5 weight percent,

20 Following the formation of the emulsion, it is particularly advantageous to
substantially dehydrate the emuisioﬁ by heating to a temperature effective to remove
sufficient water to provide a stable colloidal suspension. If desired, the colloidal

suspension can be further dehydrated to remove additional water, i.e., an amount of from
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and preferably from about 10 to about 40 weight percent of the mixture. The dispersing agent is
typically present in an amount of from about Ito about 25 weight percent and 15 preferably from about
5 to about 15 weight percent, the water is present in an amount ranging from about 20 to 60 weight
percent, while the diluent oil is present in an amount ranging from about 10 to about 70 weight
percent. The detergent, if present, is employed in an amount of from about 1 to about 10 weight
percent and preferably from about 2 to about 5 weight percent. 20 Following the formation of the
emulsion, it is particularly advantageous to substantially dehydrate the emulsion by heating to a
temperature eff&dBvEYY réhidve sidrruelistahidion Hhevidd aabaiéoalicidatkuspensidditivedsired,
the colloidal suspension can be further dehydrated to remove additional water, i.e., an amount of from
28 0 to about 2§%¥.d6/%ﬁé?ﬂdlﬁ%ﬁréi>a‘?ﬂ§%rs%#lamffsl{?ﬂaﬁ@ﬂ@@fﬁl%ﬂ%.@%&%ﬁ%@@ﬁw
dehydration needs to be carefully, controlled in order not to destabilize the colloidal suspension.
Accordingly, it iS'§RHEIy 26080l I HrTalE PSR ey el thRahrdl deh rsEMg dRation of
the emulsion can alsg assist in pol rizing the molybdenum, 5 tungsten, vanadium, njobium,
tantalum, and u?léc%!ﬁ% coffh%ciiﬁﬁ%’ %é?ﬁe%ﬁ’ﬁ% ]t%nf(é?%a ﬁ%%ﬁ?h&@@%ﬁ%&i@%&ﬂ%&ﬁ&%
Dehydratiogl cap) oceur i\r}a%g% step.o moretatrrllta one ste includin% an initial step 0 wtater removal

f
that is initiated at & temparature of SIgTY Guer Lot PRI tSPERB S FOrMRvaldy BB ficrease in

temperature whep LRY W&d& ftglle emulsion 10 changes from turbid to substantially clear.
Accordingly, stablg colflz)]lJ a susper%%ﬁsﬁﬂ ordinarily have a turbidity of less than about 300

nephelometric turbiditbylﬂgﬁa(ﬁ%)c%ﬂ%ccur in one step or more than one step including an initial step

of water removal that is initiated at a temperature of slightly over 100°C. This initial step
is followed by a slow increase in temperature whereupon the turbidity of the emulsion

10 changes from turbid to substantially clear. Accordingly, stable colloidal suspensions will

‘ordinarily have a turbidity of less than about 300 nephelometric turbidity units (ntu) and
preferably less than about 100 ntu (Twrbidity of the finished oils was measured, neat, at
20°C vsing a Hach Ratio Turbidimeter Model: 18900. The turbidimeter was calibrated
with 18 and 180 ntu Formazin primary standards). The temperature during the

15 dehydration step will typically not exceed about 200°C and preferably is between about
105°C fo about 150°C to provide a low color stable colloidal suspension.

? Dehydration may also be carried out under reduced pressure. The pressure may
be reduced incrementally to avoid problems with foaming. The reaction time sufficient
to dehydrate the emulsion and form a stable colloidal suspension can vary widely, e.g., in

20 the range of from about 0.5 to about 3 hours and preferably from about 0.75 to about 1.5
hours. The resulting colloidal suspension will ordinarily contain a dispersed phase and an
oil phase containing at least one or more dispersing agents and a diluent oil. The

dispersed phase will normally contain at least a major amount of the dispersed hydrated
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preferably less than about 100 ntu (Turbidity of the finished oils was measured, neat, at 20C using a
Hach Ratio Turbidimeter Model: 18900. The turhidimeter was calibrated with 18 and 180 ntu Formazin
primary standards). The temperature during the 15 dehydration step will typically not exceed about
200C and preferably is between about 105C to about 150C to provide a low color stable colloidal
suspension. Dehydration may also be carried out under reduced pressure. The pressure may be
reduced incrementally to avoid problems with foaming. The reaction time sufficient to dehydrate the
emulsion and form a stable colloidal suspension can vary widely, e.g., in 20 the range of from about
0.5 to about 3 hBRIFETEHE preteransty: fam BsLE 7S Yotalsbort!80 Heuts aTherrseuhindieol ehgat
suspension will ordinarily contain a dispersed phase and an oil phase containing at least one or more
dispersing agerftd ¥hd ataithent Gilvfhe andgesbalsreRinins iy castaimertetiseasingor amount
of the dispersed hydrated 29 polymeric compounds, e.g., about 50 wt. % to about 100 wt. % and
preferably from 4585 80 &g Hbout 95 wt. % and an oil phase containing at least one or more

dispersing agents and a dilyent qil. The colloidal suspension will have a dispersed phase content
ranging from about 5%% Cé;j)l %5“3?1‘31%‘%]@’ F O RRR RSB S 6P R R PRI RERH of the

Suspenson, e dSpRFA Rt e compevIa el general rsseses e paril
Ceneraly e el RBL AL AU A ST TIOIE PR30 o St
size of less than about 1 micron and preferably from about 0.01 microns to about 0.5
microns.
Generally, the dehydration of the emulsion is carefully controlled (i.e. using a
10 slow dehydration rate, employing a sweep gas, and the like) in order to avoid
condensation of water on the walls of the reaction chamber. Condensation can result in
water droplets that contaminate the composition which, in tarn, can lead to undesired
precipitate formation. Such precipitate formation typically results in large particles that
fall from suspension and have deleterious properties.
15
THE LUBRICATING OIL. COMPOSITION

The stable colloidal suspensions of the present invention are particularly useful as

e

- anti-wear agents when used in lubricating oil compositions. The lubricant composition of
the present invention comprises a major amount of an oil of lubricating viscosity and a
20 minor amount of the stable colloidal suspensions of the present invention. The
lubricating oil compositions containing the stable colloidal suspensions of this invention
can be prepared by admixing, by conventional techniques, the appropriate amount of the

stable colloidal suspensions with a suitable lubricating oil. The selection of the particular
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condensation of water on the walls of the reaction chamber. Condensation can result in water droplets
that contaminate the composition which, in turn, can lead to undesired precipitate formation. Such
precipitate formation typically results in large particles that fall from suspension and have deleterious
properties. 15 THE LUBRICATING OIL COMPOSITION The stable colloidal suspensions of the
present invention are particularly useful as anti-wear agents when used in lubricating oil compositions.
The lubricant composition of the present invention comprises a major amount of an oil of lubricating
viscosity and a 20 minor amount of the stable colloidal suspensions of the present invention. The
lubricating oil chhpeingrmilcsneaniing the cwisTarRsitdidar el i S BP IS FREHBE BTE5RBe
prepared by admixing, by conventional techniques, the appropriate amount of the stable colloidal
suspensions wiﬂf‘&t@fiﬂéél@‘[%ricating oil. The selection of the particular 30 lubricating oil depends on
the contemplated application of the lubricant and the presence of other ad jtive}sp. The |ubricating oil

compositions of the prE&& RS G IRT LA PSS AR BivsriBHcAting
viscosity and a minor effective amqunt. of the 5 foregoing stable colloigdal suspensions. The oils of
lubricating viscOSR O BIYiRAAR S Pgégh?fﬁt% g}ﬁ%ﬁﬁ? r%hcalg?rfalﬁcgrﬁ HouE 30 %%%JP%O weight
pereem and ofe e Lop AP e e aton s e caa
an amount ranging from about 0.1 Wl 6,18 SR QKL ATt %, 808 G SERPEALR ARAULRS

Ipreferably from about 45 to about 55 weight percent of the lubricating oil composition

and the stable colloidal suspensions will be present in the lubricating oil composifions in

an amount ranging from about 0.1 wt. % to about 10 wt. % and preferably from about 0.5

10 wt. % to about 2.5 % wt. %, based on the total \x}eight of the composition.

The lubricating o1l which may be used in this inventiog mcludes a wide V.ariety of
hydrocarbon oils, such as naphthenic bases, paraffin bases and mixed base oils as well as
synthetic oils such as esters and the like. The lubricating oils may be used individually or
in combination and generally have viscosity which ranges from 50 to 5,000 Saybolt

15  Universal Seconds (SUS) and usually from 100 to 15,000 SUS at 40°C.

The lubricating oil employed may be any of a wide variety of oils of lubricating
viscosity. The base oil of lubricating viscosity used in such compositions may be mineral
oils or synthetic oils. A base oil having a viscosity of at least about 2.5 centistokes (¢St)
at 40°C and a pour point below about 20°C, preferably at or below about 0°C is desirable.

20 The base oils may be derived from natural or synthetic sources. Mineral oils for use as
the base oil in this invention include, for example, paraffinic, naphthenic and other oils

that are ordinarily used in lubricating oil compositions. Synthetic oils include, for

example, both hydrocarbon synthetic oils and synthetic esters and mixtures thereof
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10 wt. % to about 2.5 % wt. %, based on the total weight of the composition. The lubricating oil which
may be used in this invention includes a wide variety of hydrocarbon oils, such as naphthenic bases,
paraffin bases and mixed base oils as well as synthetic oils such as esters and the like. The
lubricating oils may be used individually or in combination and generally have viscosity which ranges
from 50 to 5,000 Saybolt 15 Universal Seconds (SUS) and usually from 100 to 15,000 SUS at 40C.
The lubricating oil employed may be any of a wide variety of oils of lubricating viscosity. The base oil
of lubricating viscosity used in such compositions may be mineral oils or synthetic oils. Abase oil
having a viscositywof @tHedstiahbrit Eitgetligtokes:eStnaleG0GiRntdag prlrdeoivt belawlabalit 20C,
preferably at or below about OC is desirable. 20 The base oils may be derived from natural or synthetic

sources. Minergirejisrédritse & thigrbasexddin fhisyhrentrdinomnalucie; fonekaple flasaifinic,
naphthenic and other oils that are ordinarily used in lubricating oil compositions. Synthetic oils include,
for example, botivhyd mmdpahdndyithstic/dlscarfidsyintietic bstesgraing imixtecdstharsof 3irhaving the
desired viscosity. Hydrocarbon synthetic oils may include, for example, oils prepared from. the
polymerization sf@tbyiénhendrifydragteepeslymchization BisheolEfimschpebeess pblsefigrmotbéiicor PAO, or
from hydrocarbon synthesis procedures using carbon monoxide and hydrogen gases such as in a
Fisher-Tropsch bréssssbastt irgthdsdiitnl Robioesrbbrikdleéinebaviradhsayenersise efitha olefins
having the proper viscosity. Especially useful are the hydrogenated liquid oligomers of C6 to C12

alpha olefins suEfPasiall decéietrithe iidernatsddikyibetigenes of brdpdr vilebsijciucrradsdidodecyl

benzene, can be 3sed. Useful synthetic esters include the esters of monocarbagxylic acids
I-decene trimer. Likewise, alkyl benzenes of proper viscosity, such as didodecyl

benzene, can be used. Useful synthetic esters include the esters of monocarboxylic acids
and polycarboxylic acids, as well as mono-hydroxy alkanols and polyols. Typical

10 examples are didodecyl adipate, pentaerythritol tetracaproate, di-2-ethylhexyl adipate,
dilaurylsebacate, and the like. Complex esters prepared from mixtures of mono and
dicarboxylic acids and mono and dihydroxy alkanols can also be used. Blends of mineral
oils with synthetic oils are also useful.

Thus, the oil can be a refined paraffin type base oil, a refined naphthenic base oil,

15 or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating viscosity. The oil can
also be a mixture of mineral and synthetic oils.

The colloidal suspensions of the present invention {(as described herein above) can
also be blended to form additive packages comprising such colloidal suspensions. Theseo
additive packages typically contain from about 10 to about 75 weight percent of the

20 colloidal suspensions described above and from about 90 to about 15 weight percent of
one or more of conventional additives selected from the group consisting of ashless
dispersants (about 0-5%), detergents (about 0-2%), sulfurized hydrocarbons (about 0-

30%), dialkyl hydrogen phosphates (about 0-10%), zinc dithiophosphates (about 0-20%),
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and polyearboxylic acids, as well as mono-hydroxy alkanols and polyols. Typical 10 examples are
didodecyl adipate, pentaerythritol tetracaproate, di-2-ethylhexyl adipate, dilaurylsebacate, and the like.
Complex esters prepared from mixtures of mono and dicarboxylic acids and mono and dihydroxy
alkanols can also be used. Blends of mineral oils with synthetic oils are also useful. Thus, the oil can
be a refined paraffin type base oil, a refined naphthenic base oil, 15 or a synthetic hydrocarbon or
non-hydrocarbon oil of lubricating viscosity. The oil can also be a mixture of mineral and synthetic olils.
The colloidal suspensions of the present invention (as described herein above) can also be blended to
form additive pabiigbbycorapriplirgudes oot iSlispavsicpytitHespoadaltve phekade tppically
contain from about 10 to about 75 weight percent of the 20 colloidal suspensions described above and
from about 90 t8-atsburensriigrlipericdab ot Brid dr ieiliorEdn (16 Aal Addiidb &aiated from the
group consisting of ashless dispersants (about 0-5%), detergents (about 0-2%), sulfurized
hydrocarbons (&BBitecosmsy eIy PRRAHETFENEE phales RREBHNRL%$3 rine dithtbphosphates
(about 0-20%), 32 dialkgtl%hydro en phosphates ;about 0-10%), pentaerythritol monooleat?ﬂ(about

0-10%), 2,5-dirSothiadidsare {astiabersds) knartiaas dbier 6289k, hralyvadritnulfide

complexes such as those descriped in U.S. Patent Nos. 4,263,152 and 4,272,387 (about 0-5%),
midazolines (BB BT SEBGSTHRISHS GbbOt eS0T ARG TRAAnBeh Bach weight

percent is based on the total weight of.the additive package. lly formulated finished oil compositions
of this invention can bg"#g?/ ?ﬁlé]t%%qefir)cbr%l S?‘rl]%s%lfac (?%\95%@&35@%% %%nﬁffrx%ﬁglrlb esfr%lrﬁaq%?t an oil of

lubricating VISC%(')%‘ these additive packages upon further blending with an oil of hubricating viscosity.

Preferably, the additive package described above is added to an oil of lubricating
viscosity in an amount of from about 5 to about 15 weight percent to provide for the

10 finished oil composition wherein the weight percent of the additive packége is based on
the total weight of the composition. More preferably, added along with the oil of
lubricating viscosity is a polymethacrylate viscosity index improver which is included at
a level of about 0-12% and/or a pour point depressant at a level of about 0-1%, to form a
finished oil wherein the weight percent of each of the viscosity index improver and pour

15  point depressant is based on the total weight of the lubricant composition.

A variety of other additives can be present in lubricating oils of the present
invention. Those additives include antioxidants, rust inhibitors, corrosion inhibitors,
extreme pressure agents, antifoam agents, other viscosity index improves, other anti-wear
agents, and a variety of other well-known additives in the art.

20 The following non-limiting examples are iHlustrative of the present invention.
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Preferably, the additive package described above is added to an oil of lubricating viscosity in. an
amount of from about 5 to about 15 weight percent to provide for the 10 finished oil composition
wherein the weight percent of the additive package is based on the total weight of the composition.
More preferably, added along with the oil of lubricating viscosity is a polymethacrylate viscosity index
improver which is included at a level of about 0-12% and/or a pour point depressant at a level of about
0-1%, to form a finished oil wherein the weight percent of each of the viscosity index improver and
pour 15 point depressant is based on the total weight of the lubricant composition. A variety of other
additives can be present in lubricating oils of the ge&devit’ idvéntion. Those additives include
antioxidants, rust inhibitors, corrosion inhibitors, extreme pressure agents, antifoam agents, other
viscosity index improves, other anfitipégiapeins; dhddalvarespspothertweinknown additives in the art.
20 The following non-limiting examplédsrasir i Strdireddichensrisskiotihdatttion. 33 EXAMPLE |
Preparation of a Colloidal Suspension Containing Dispersed Hydrated Polymeric Molybdate 5 Toa 1
liter glass béaker was g&d’eh}lg’é.@@sfd?%rrﬁiﬂﬁ Htsddiim HiBiydrseD by, el ¥aditn 246 mol) of

boric acid, and 150g.deionized \Zater. The mixture was stjrred and quickly formed a homogeneous

aqueous soluti_oﬂ1 hefertd healma TR U R sisificns dnl ?ﬁ&ﬁﬂ%?dfpﬁéﬁma@%&%‘a‘rfﬁ%g
Base 10 NUmbEV TR HTATGRONTY (& HEEE B AT o DESbEy S do oA
To a 1 liter stainless steel blender flask was added 137.75g Exxon 150N oil (a
Group 1 base stock), 14.40g of a low overbased synthetic sulfonate having a Total Base
10 Number (TBN) of 17mgKOH/g (as measured by ASTM D8296), and 30.00g of a
polyisobutenyl succinic anhydride (PIBSA) having a saponification (SAP) number of
118.6mgKOH/g (as measured by ASTM D93) and containing 92.8% actives. The
components were mixed until a homogeneous solution was formed. The hot aqueous
solution was then added to the oil solution, over a time period of about 1 minute, while
15 the oil solution was mixed on a Waring Laboratory blender with the blender speed being
slowly increased from 50% to 100% of the “high” setting during the 1 minute period to
form an emulsion. The resulting emulsion was then mixed for 30 minutes on the “high”
o . setting,
The emulsion was then partially dehydrated in a 1 liter glass beaker insulated with
20 glass Woollby heé.ting the emulsion to a maximum temperature of 105°C with stirring
under a nitrogen sweep until an essentially clear colloidal oil suspension was obtained.
The total dehydration time was about 1 hour. Next, a small amount of non-dehydrated
emulsion was removed from the oil. The resulting product contained 7.8% Mo by
Inductively Coupled Plasma (ICP) and had 2 TBN of 88mgKOH/g.

25
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polyisobutenyl succinic anhydride (PIBSA) having a saponification (SAP) number of 118.6mgKOH/g
(as measured by ASTM D93) and containing 92.8% actives. The components were mixed until a
homogeneous solution was formed. The hot aqueous solution was then added to the oil solution, over
a time period of about 1 minute, while 15 the oil solution was mixed on a Waring Laboratory blender
with the blender speed being slowly increased from 50% to 100% of the "high" setting during the 1
minute period to form an emulsion. The resulting emulsion was then mixed for 30 minutes on the
"high" setting. The emulsion was then partially dehydrated in a 1 liter glass beaker insulated with 20
glass wool by heating the emulsion to a maximun¥iepekdire of 105C with stirring under a nitrogen
sweep until an essentially clear colloidal oil suspension was obtained. The total dehydration time was
about 1 hour. Next, a small amouRtepridwtiehy Srdtedabhvgrsisnon i néamoned from the oil. The
resulting product contained 7.8% MelbPérgddtivdiiad diohraermeddeiztdeaP) and had a TBN of
88mgKOH/g. 25 34 EXAMPLE 2 Preparation of a Colloidal Suspension Containing Dispersed
Hydrated. Polymeric M&Hsdhtes s 9<IRpetRbrsospéEepisharcsrocadimel e bufirbierrised dipried, a
dispersed hydrated sodium molybdate complex (the agueous phase) was prepared by mixing 80.0g

(0.331 mol) of SBAHTHRIBKBEGE R AL, BIHFEE83Hb T OPSB898 RuRinad W 28¥ .59 of
ooz Wt e P D A e S R ) S P oD R A I 9 2P 107. 5
of deionized water. The pH of the aqueous phase was approximately neutral (using a pH
test strip). The oil phase was prepared using 119.9g of Exxon 150N oil, and 50.1g of
10 PIBSA having a SAP number of 92mgKOH/g. An emulsion was prepared and partially
dehydrated in the same manner as example 1 to form a colloidal suspension. Total
heating time was about 1.5 hours to a maximum temperature of 105°C. The resulting
product was filtered through anhydrous sodium sulfate; and contained 9.7% Mo and 4.6%
Na by ICP.
15
| EXAMPLE 3

Alternative Preparation Preparation of a Colloidal Suspension
Containing Dispersed Hydrated Polymeric Molybdate

20 To a 1 liter glass beaker 34.9g (0.242 mol) of molybdenum oxide, 19.2g (0.48
mol) of sodium hydroxide, and 150g deionized water was added and gently heated and
stirred to dissolve the reactants, and tﬁen 15.2g (0.246 mol) of boric acid was further
added. Thé mixture quickiy formed a slightly turbid aqueous solution with heat and
Sti}:_ring.

25  Toalliter stainless steel blender flask was added 137.75g Exxon 150N oil (a

Group I base stock), 14.40g of a low overbased synthetic sulfonate having a TBN of
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test strip). The oil phase was prepared using 119.9g of Exxon 150N oil, and. 50.lg of 10 PIBSA having
a SAP number of 92mgKOH/g. An emulsion was prepared and partially dehydrated in the same
manner as example 1 to form a colloidal suspension. Total heating time was about 1.5 hours to a
maximum temperature of 105C. The resulting product was filtered through anhydrous sodium sulfate;
and contained 9.7% Mo and 4.6% Na by ICP. 15 EXAMPLE3 Alternative Preparation Preparation of
a Colloidal Suspension Containing Dispersed Hydrated Polymeric Molybdate 20 To a 1 liter glass
beaker 34.99g (0.242 mol) of molybdenum oxide, 19,29 (0.48 mol) of sodium hydroxide, and 150g
deionized water WEESEIEES apd GeMlty HoR B3 Hhbasng e Pt msivechblfetirtdidnerthen 15.2g

(0.246 mol) of boric acid was further added. The mixture quickly formed a slightly turbid aqueous
solution with he PR Sildriy 25765 THREPSRAHYS Kise nisnder Hadkowas ageetellap REPExxon
150N oil (a Group | base stock), 14.40g of a low overbased synthetic sulfonate having a TBN of 35
17mgKOH/g, artPa&BE é@&ﬂ%&ﬁﬂ@ﬂ&@ﬂﬂ%ﬁé@éﬁyﬁ@.@m@r%@ﬁvgoah&vesmamihg 92.8%
actives. The conﬁnegg&\%ege m}lxe until a homogeneous ail solution was formed., Next, the hot
aqueous solutioh W& 416 HE Bt LBIdtdH: Wbt aieReT M g S8 E%h was mixed

o & Waring L e L S R IS5 APE R TR SN MEIgEP S S0 g 100%
1 minute period to form an emulsion. The resulting emulsion was then mixed for 30
minutes on the “high” setting.

The emulsion was then partially dehydrated in a 1 liter glass beaker insulated with

glass wool by heating the emulsion to a maximum temperature of 104°C with stitring

10 under a mitrogen sweep until an essentially clear colloidal oil suspension was obtained.
The total dehydration time was about 1.5 hours. A small amount of non-dehydrated
emulsion was removed from the oil. The product contained 8.0% Mo, 3.6% Na, and
0.88% B by ICP, had a TBN of 86mgK.OH/g, and an average particle size distribution of
0.130 pm as measured using a Horiba LA-920 light scattering particle size analyzer.

15

EXAMPLE 4

Extended Dehydration of a Colloidal Suspension
Containing Dispersed Hydrated Polymeric Molybdate

Using the same general procedure outlined in example 2, a dispersed hydrated
20 sodium molybdate complex was prepared from 81.5 (0.337 mol) of sodium molybdate
dihydrate, 16.5g (0.168mol) of 96.2% sulfuric acid and 224.7g of deionized water to form
the aqueous phase; and 103.6g of Exxon 150N oil, 36.7g of PIBSA having a SAP number
of 68.1mgKOH/g, and 8.1g of an alkyl benzene sulfonic acid was used in the oil phase.

An emulsion was then prepared and dehydrated in a similar manner as example 2. The
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1 minute period to form an emulsion. The resulting emulsion was then mixed for 30 minutes on the
"high" setting. The emulsion was then partially dehydrated in a 1 liter glass beaker insulated with

glass wool by heating the emulsion to a maximum temperature of 104C with stirring 10 under a
nitrogen sweep until an essentially clear colloidal oil suspension was obtained. The total dehydration
time was about 1.5 hours. A small amount of non-dehydrated emulsion was removed from the oil. The
product contained 8.0% Me, 3.6% Na, and 0.88% B by ICP, had a TBN of 86mgKOH/g, and an
average particle size distribution of 0.130 m as measured using a Horiba LA-920 light scattering
particle size andifabheathE KanPLRHoEKidmiesl tDelmakiation thap Cotloiddl SG8pesitn Gontaining
Dispersed Hydrated Polymeric Molybdate Using the same general procedure outlined in example 2, a
dispersed hydrateaopd! Ssdiutvemisiisgine ¢omplexspasgsteparetefrstteleso{otBBPrfohof sbdium
molybdate dihydrate, 16.5g (0.168mol) of 96.2% sulfuric acid and 224.79 of deionized water to form
the aqueous ph&ker PP B8 BhseFERKEH 130RMGINSE FHoIPIBSA hewinbeatioafmuiber of
68.1mgKOH/g, and 8.1g of an alkél benzene sulfonic acid was used in the oil phase. An emulsion was

then prepared alfTBERTEPRELGH G Bithike Araduel bednghampheth b g brhEatingEmd was about

3 hours to mar;;gim m t%{];perature of 133C. Water was removed from the suspension during this
period as evidentBdBYBGbNEAPA%eam. A clear colloidal oil suspension was obtained after about
1.5 hours heating time to a

EXAMPLE 5
Preparation of a Colloidal Suspension Containing
Dispersed Hydrated Polymeric Molybdate
. The preparation of the colloidal suspension described in example 1 was repeated
with no significant changes. The resulting product contained 7.6% MO, 3.7% Na, and
0.86% B by ICP, had a TBN of 90mgKOH/g, and an average particle size dirstribution of
0.135 um as measured using a Horiba LA-920 light scattering particle size analyzer.
15
EXAMPLE 6

Preparation of a Colloidal Suspension Containing
Dispersed Hydrated Polymeric Molybdate

20 The preparation of the colioidal suspension described in example 3 was repeated
in essentially the same manner except that 18.45g of 85% of phosphoric acid was used in
place of boric acid. The resulting product contained 7.8% MO, 3.7% Na, and 1.7% P by
ICP, had a TBN of 76mgKOH/g, and an average particle size distribution of 0.129 um as
measured using a Horiba LA-920 light scattering particle size analyzer.

25

37



temperature of 105C with the product being hazy both before and after this point. The 5 final product
was opaque. EXAMPLE 5 Preparation of a Colloidal Suspension Containing Dispersed Hydrated
Polymeric Molybdate 10 The preparation of the colloidal suspension described in example 1 was
repeated with no significant changes. The resulting product contained 7.6% MO, 3.7% Na, and
0.86% B by ICP, had a TBN of 90mgKOHY/g, and an average particle size distribution of 0.135 m as
measured using a Horiba LA-920 light scattering particle size analyzer. 15 EXAMPLE 6 Preparation of
a Colloidal Suspension Containing Dispersed Hydrated Polymeric Molybdate 20 The preparation of
the colloidal suspension described in example 3 \EMQ d in essentially the same manner except
that 18.45g of 85% of phosphoric acid was used.in place of boric acid. The resulting product
contained 7.8% MO, 3.7% Na, and 1. 29,088} EBeRsPH ?WWW?W&ROH/@ and an average
particle size distribution of 0.129 m as AR FHEAYSHUHBRTRIO50 light scattering particle size

analyzer. 25 37 EXAMPLE7 Automobile Engine Qjl Formulated wit ..
y 3 K IBaseime a%tomolb?le en%lrr]ie gﬂ compolsjggon was Pormed containing a SAE 30W

5  automobile engine oil with 6% of a bis-succinimide dispersant, 25mM/kg of a synthetic
highly overbased calcium sulfonate detergent, 25mM/kg of a highly overbased calcium
phenate detergent, 13mM/kg of a secondary zinc dialkyl dithiophosphate, and Sppm of a
foam inhibitor. The colloidal suspension of example 1 was formulated into this baseline

L | automobile engine oil composition at 1 weight percent such that the Mo concentration

10 was 0.078%.

COMPARATIVE EXAMPLE A

Automobile Engine Oil Formulated with
Molybdenum Sulfide Complex

15 A baseline automobile engine oil composition was formed containing the same
base oil, additives and treat rate as described in Example 7. A commercially available
molybdenum sulfide complex as prepared and described in U.S. Patent Nos. 4,263,152
and 4,272,387 was formulated into this baseline automobile engine oil composition at
1.2% by weight and the Mo concentration was 0.078%.

| 20
Color Measurement by ASTM D1500
The automobile engine oils of Example 7 and Comparative Example A were
analyzed for color by ASTM D1500. The automobile engine oil of Example 7 measured

3.5 while the automobile engine oil of Comparative Example A measured greater than 8
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Colloidal Suspension of Example 1 A baseline automobile engine oil composition was fonned
containing a SAE 30W 5 automobile engine oil with 6% of a bis-succinimide dispersant, 25mM/kg of a
synthetic highly overbased calcium sulfonate detergent, 25mM/kg of a highly overbased calcium
phonate detergent, 13mM/kg of a secondary zinc dialkyl dithiophosphate, and 5ppm of a foam
inhibitor. The colloidal suspension of example | was formulated into this baseline automobile engine
oil composition at 1 weight percent such that the Me concentration 10 was 0.078%. COMPARATIVE
EXAMPLE A Automobile Engine Oil Formulated with Molybdenum Sulfide Complex 15 A baseline
automobile engif sirkoppbsinehnds forsesceditarmy ke tnardeseddn satt9E88nd treat rate
as described in Example 7. A commercially available molybdenum sulfide complex as prepared and
described in U.&0Pigahtusesisions el 185 i8yfainn 72,387 was formulated into this baseline automobile
engine oil composition at 1.2% by weight and the Mo concentration was 0.078%. 20 Color
Measurement by ASTM DI 500 The automobile engine oils of Example 7 and Comparative Example A
were analyzed for color by ASTM D1500. The atﬁg{gg@ﬁﬁgine oil of Example 7 measured 3.5
while the automobile engine oil of Comparative E \"measured greater than 8 38 (off scale by

this metho%). These results demonstrﬁlct)% eoglggg%gge ult%vr\l/l s ollltgr_‘ Jgtlplg Ol

Formulated With Colloidal Suspension of Example 1
A baseline automobile engine oil composition was forxﬁed that contained about

0.05% phosphorus (calculated from ZnDTP concentration). Thus, a SAE SW-20

automobile engine oil with 3% of a bis-succinimide dispersant, 6mM/kg of a synthetic
10 low overbased calcium sulfonate detergent, S55mM/kg of a highly overbased calcium

phenate detergent, TmM/kg of a secondary zinc dialkyl dithiophosphate , 0.5% of an

amine anti-oxidant, 0.2% of a phenolic anti-oxidant and 5% of an ethylene/propylene

copolymer viscosity index improver was prepared. The colloidal suspension of example

1 was formulated into this baseline automobile engine oil composition at 1% by weight,

15  and fhe Mo concentration was 0.078%.

. EXAMPLE 9

Low Phosphorus Autornobile Engine Oil
Formulated With Colloidal Suspension of Example 2

# A baseline automobile engine oil composition was formed containing the same
base oil, additives and treat rate as described in Example 8. The colloidal suspension of
Example 2 was formulated into this baseline automobile engine oil composition at 1% by
weight, and the Mo concentration was 0.097%.

25
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colloidal suspensions of this invention. EXAMPLE 8 5 Low Phosphorus Automobile Engine Oll
Formulated With Colloidal Suspension of Example 1 A baseline automobile engine oil composition was
formed that contained about 0.05% phosphorus (calculated from ZnDTP concentration). Thus, a SAE
5W-20 automobile engine oil with 3% of a bis-succinimide dispersant, 6mM/kg of a synthetic 10 low
overbased calcium sulfonate detergent, 55mM/kg of a highly overbased calcium phonate detergent,
71T M/kg of a secondary zinc dialkyl dithiophosphate , 0.5% of an amine anti-oxidant, 0.2% of a

phenolic anti-oxidant and 5% of an ethylene/propylene cogolgmer viscosity index improver was
prepared. The colloidal suspension of exgm% tb this baseline automobile engine -

oil composition at 1% by weight, 15 and the Mo concentration was.0.078%. EXAMPLE 9 Low
Phosphorus Automobile Engine Oil FERhUIQRBENVRK EBIAELF S18PE{Lbn of Example 2 20 A

baseline automobile engine oil compositjon was formed containing the same base, oil, additives and
treat rate as described i SR EMTHIE CBHBTSH STGHERESH B ERARAIL'S (LT8R ted into this

baseline automgblle i ol fomposiion 2t 126 by, Wlght, and he Mo, cancentation was 0.0975%

5 suspension.

COMPARATIVE EXAMPLE C
0.1% Phésphoms Automobile Engine Oil
A baseline automobile engine oil composition was formed containing the same
10 base oil, additives and treat rate as described in Example 8 except that the 7TmM/kg of a
secondary zine dialkyl dithiophosphate was replaced with 18mM/kg of the same

secondary zinc dialkyl dithiophosphate, and no colloidal suspension.

4-Ball Wear Test
15 The low phosphorous automobile engine oils of Examples 8 and 9 and
Comparative Examples B and C were tested for anti-wear performance using a four ball
wear test performed in a manner similar to ASTM D-4172 (4-ball wear), as follows,
These formulated test oils wére aged in an oxidation bath, containing steel balls, for 48
kours at 160°C with 15L/hour of airflow bubbled through the oil. These aged oils were
20 tested on a 4-ball wear test apparatus using 100C6 steel balls; 90kg load was applied in 9
stages starting from lOkg with 10kg increments at 1500 rotations per minute. The wear

index was calculated from movement of the load arm.
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COMPARATIVE EXAMPLE B Low Phosphorus Automobile Engine Oil A baseline automobile engine
oil composition was formed that contained the same base oil, additives and treat rate as described in
Example 8, and no colloidal 5 suspension. COMPARATIVE EXAMPLE C 0.1% Phosphorus
Automobile Engine Oil A baseline automobile engine oil composition was fanned containing the same
10 base oil, additives and treat rate as described in Example 8 except that the 7mNMg of a secondary
zinc dialkyl dithiophosphate was replaced with 18mM/kg of the same secondary zinc dialky!
dithiophosphate, and no colloidal suspension. 4-Ball Wear Test 15 The low phosphorous automobile
engine oils of Examplé&8veastd Garsultoriparblivih Exlamiples BPaddIC Wirevidsaeddanantiewear
performance using a four ball wear test performed in a manner similar to ASTM D-4172 (4-ball wear),
as follows. ThesertpuElitesosieweiadsyad Tsisshxidation bath, containing steel balls, for 48
hours at 160C with 15L/hour of airflow bubbled through the oil. These aged oils were 20 tested on a
4-ball wear test apparatus using 100C6 steel balls; 90kg load was applied in 9 stages starting from
10kg with 10kg increments at 1500 rotations per mipuitg ;7 e wear index was calculated from
movementaof the load arm. 40 The wear test resallgs are set forth below in TABLE 1. Oils with good

anti-wear properties exhibit a low wear indexir s feE{est results
Sample 4-Ball Wear Index Result
Example 8 29
Example 9 28
Comparative Example B 216
Comparative Example C 24

As these data demonstrate, a low phospherus automobile engine oil having
- desirable anti~wear properties can be formulated with the colloidal suspensions of this
invention.
10
EXAMPLE 10

Low Phosphorus Automobile Engine Oil
Formulated With Colloidal Suspension of Example 1

A baseline automobile engine oil composition was formed containing a SAE SW-
15 20 automobile engine oil with 3% of a bis-succinimide dispersant, 6mM/kg of a synthetic
low overbased calcium sulfonate detergent, 55mM/kg of a highly overbased calcium
phenate detergent, TmM/kg of a secondary zinc dialkyt dithiophosphate, 0.5% of an
amine anti-oxidant, 0.2% of a phenolic anti-oxidant and 5% of an ethylene/propylene
copolymer viscosity index improver. The colloidal éuspension of example 1 was
20 formulated into this baseline automobile engine oil composition at 1.6% by weight, and

the Mo concenfration was 0.125%.
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TABLE 1 5 4-B all wear test results Sample 4-Ball Wear Index Result Example 8 29 Example 9 28
Comparative Example B 216 Comparative Example C 24 As these data demonstrate, a low
phosphorus automobile engine oil having desirable anti-wear properties can be formulated with the
colloidal suspensions of this invention. 10 EXAMPLE 10 Low Phosphorus Automobile Engine Oill
Formulated With Colloidal Suspension of Example 1 A baseline automobile engine oil composition was
formed containing a SAE 5W- 15 20 automobile engine oil with 3% of a bis-succinimide dispersant,
6mM/kg of a synthetic low overbased calcium sulfonate detergent, 55mM/kg of a highly overbased
calcium phenate detergent, 7nWkg of a sét&tdrgedintcaidndssitadphosphate, 0.5% of an amine
anti-oxidant, 0.2% of a phenolic anti-oxidant and 5% of an ethylene/propylene _copolymer viscosity
index improver. TR SREENIbPbF SXERIBIE FRs PEPREFHIN &R BT R @i Sutomobile

engine oil compgsition at 1.6% by weight, and_the Mo concentration was 0.125%. 4
g p?or and carry?ngo pr%perti%s v AgT D2'?8§. T%e test measures a P'oad v(\)fear]index

(LW, reported in kilo-gram force (kgF), a measure of the properties of a lubricant under

5 high pressure conditions. A high LWI is desirable. The load wear index test results are

set forth below in TABLE 2.
TABLE 2
4-Ball LWI Test Results
Sample LWI (kgk)
Example 10 41.7
Comparative B 30.0
10
The foregoing data further demonstrate the superior performance of the
automobile engine oils formulated with the colloidal suspensions of the present invention.
EXAMPLE 11
15 Preparation of a Colloidal Suspension Containing

Dispersed Hydrated Polymeric Tungstate
Toa 1-Liter beaker was added 56.1 g (0.242 mol) of Tungsten Oxide, 19.66 g
{0.49 mol) of Sedium Hydroxide, and 168.39 g De-ionized water. The mixture was then
20 heated and stirred until all of the solids had gone into soiution. Next, 15.17 g (0.245 mol)
of Boric Acid was added to the beaker, heated and stirred until dissolved. To a stainless

steel Waring Iab blending flask was added a dispersant system containing 128.78 ¢
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4-Ball Load Wear Index Test The automobile engine oils of Example 10 and Comparative Example B
were evaluated for load carrying properties by ASTM D2783. The test measures a load wear index
(LW1), reported in kilo-gram force (kgF), a measure of the properties of a lubricant under 5 high
pressure conditions. A high LWI is desirable. The load wear index test results are set forth below in
TABLE 2. TABLE 2 4-Ball LWI Test Results Sample LWI ( kgF) Example 10 41.7 Comparative B
30.0 10 The foregoing data further demonstrate the superior performance of the automobile engine
oils formulated with the colloidal suspensions of the present invention. EXAMPLE 11 15 Preparation

of a Colloidal SUSB&sIoRNERESMnty - BhSslra e R)drateerPaRiRfdn SHifRgstateta TN felbeaker
was added 56.1 g (0,242 mol) of Tungsten Oxide, 19.66 g (0.49 mot%of Sodium Hydroxide, and

168.39 g De-ionf2et Wi mins bE e VIR I VB Retd PURY Ciitteld SintPER O tfe ddfds had gone

into solution. Next, 15.17t %t%).245 m{%{o Bogc Acig.wag added to the beaker, heated and stirred until
dissolved. To a gf%ﬁﬁfé% AWK, b bk ﬁéﬁﬁﬁ s added a dispersant system containing

128.78 g 42 Once the system was thoroughly mixed, the heated aqueous solution prepared in
5  the beaker was slowly (over about 1 minute) blended into the flask using a Variac

controller to increase the blend speed from 50% to 100% of the Waring Lab blender’s
“high” setting. The contents of the mixture were then mixed for an additional 30 minutes
on the “high setting”. Next, the contents of the blending flask were transferred to an
insulated 1-Liter Beaker where they were partially dehydrated in the same manner as

10 example 1. A maximum temperature 100°C was reached over a period of approximately
2 hours. The prooe'ss yielded a hazy, opaque product which contained 3.45% Sodium and
0.802% Boron by ICP, and had a TBN of 81 mgKOH/g. The average particle size was
0.135 um as measured using a Horiba LA-920 light scattering particle size analyzer.

It will be understood that various modifications may be made to the embodiments

15 disclosed herein. Therefore the above description should not be construed as limiting,
but merely as exemplifications of preferred embodiments. For example, the functions
described above and implemented as the best mode for operating the present invention
are for illustration purposes only. Other'arrangements and methods may be implemented
by those skilled in the art without departing from the scope and spirit of this invention.

20 Moreover, those skilled in the art will envision other modifications within the scope and

spirit of the claims appended hereto.
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Exxon 150N base oil, 17.02 g of a low overbased synthetic sulfonate with a TBN of 17 mgKOH/g, and
38.97 g of a PIBSA having a SAP number of 118.8 mgKOH/g. The dispersant system was mixed in
the blending flask. Once the system was thoroughly mixed, the heated aqueous solution prepared in 5
the beaker was slowly (over about 1 minute) blended into the flask using a Variac controller to
increase the blend speed from 50% to 100% of the Waring Lab blender's "high" setting. The contents
of the mixture were then mixed for an additional 30 minutes on the "high setting". Next, the contents of
the blending flagk ygte transferred to an insulated 1-Liter Beaker where they were partially
dehydrated in'the same manner as 10 example 1. A maximum temperature 100C was reached over a
period of approximately 2 hours. The process yielded a hazy, opaque product which contained 3.45%
Sodium and 0.802% Boron by ICP, and had a TBN of 81 mgKOH/g. The average particle size was

0.135 pm as measured 4@ SR HASRANGRLSAAIeLING PRYHGIR Slee gleer. It wil be

understood that various modifications may be made to the embodiments §closed herein.

Therefore the 3hoye S GHIOR AU OHRS, LONSIEYEELE Il AL METEly a5 exemplifcations o

preferred embodiments. For example, the functions describe ove a Wpciercnented as the best

mode for operglifg iRIPRAALINGNIAD MGG IUSIATOR DHRSER PR, QUL arppgements and

methods may be implemented by those skilled in the art withott departing th& scope and spirit of

this nvention .29, Mereaer, anse Sslled i hm anwdl epsian.eiberRrselioaR iR e scope

and spirit of the claims appéended hereto. 4

(b) an oil phase comprising one or more dispersing agents and a diluent oil.

2. 'The colloidal suspension of claim 1, wherein the dispersed hydrated

10 polymeric compound is a dispersed hydrated polymolybdate.

3. The colloidal suspension of claim 1 or claim 2, wherein the polymeric
compound further comprises an alkali metal selected from the group consisting of
Iithium, sodium, potassium and rubidium.

15
4. The colloidal suspension of claim 3, wherein the alkali metal polymeric

compound is sodium polymolybdate.

5. The colloidal suspension of any one of the preceding claims, wherein the

20 polymeric compound further comprises magnesimm, calcium, ammonium or

thallium.
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1. A stable colloidal suspension comprising: (a) a dispersed phase comprising a major amount of one
or more dispersed hydrated polymeric 5 compounds selected from the group consisting of
polymolybdates, polytungstates, polyvanadates, polyniobates, polytantalates, polyuranates, and
mixtures thereof, and, (b) an oil phase comprising one or more dispersing agents and a diluent oil. 2.
The colloidal suspensign of claim 1, wherein the dispersed hydrated 10 polymeric compound is a
dispersed hydrated Bolyfofbaital SSRHsieBIRSiaay siestrbron stedmat rigiseharondierein the
polymeric compound further comprises an alkali metal selected from the group consisting of lithium,

sodium, potaBSRIMCEHETRANAT 48 3 erire! dEmdid SRSt BrecAiinP RO Wmeiehietis-alkali metal

polymeric compound is sodium polymolybdate. 5. The, colloidal suspension of any one of the
preceding cIéﬁ?\%?%ﬁ'ﬁ@%fﬁtﬁ?elSQB“J)Y)Y?H‘?&@%CS?RBB{W&ORFH%ﬁ%‘?\lﬁﬂ%‘@@‘ﬂ?ﬁg nesium, calcium,

ammonium or thallium. 44 6. The colloidal suspension of any one of the preceding claims, wherein the
polymeric compRtiaEaies: 5’6?@8%%?%536% | @Bmimﬁ&%?%?fpéﬁ}ﬁ%m’é@aﬁ%polytungstates,

isopolyvanadates, isgpolyniobates, isopolytantalates, isopolyurantes, heteropolymolybdates,
heteropolytu &%‘%Bg??ﬁlé%g% 0&R}Slr?é’&fé&t%?érgﬁgI@/ﬁﬁ%‘ﬁ’gf&}l‘f‘?&g?opoIytantalates, and
heteropolyurantes. 7. The colloidal suspension of any one of the preceding claims, wherein the
7. The colloidal suspension of any one of the preceding claims, wherein the
major amount of the dispersed hydrated polymeric compounds is from 50 wt. % to 100

wt. % of the dispersed phase.

8. The colloidal suspension of any one of claims 1 to 6, wherein the major
amount of the dispersed hydrated polymeric compounds is from 60 wt. % to 95 wt.

% of the dispersed phase.

9. The colloidal suspension of any one of claims 2 to 8, having a reduced

color.

10. The colloidal suspension of any one of the preceding claims, wherein the

dispersed hydrated polymeric compound possesses a mean particle size less than

about 1 micron.
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major amount of the dispersed hydrated polymeric compounds is from 50 wt. % to 100 wt. % of the
dispersed phase. 8. The colloidal suspension of any one of claims 1 to 6, wherein the major amount of
the dispersed hydrated polymeric compounds is from 60 wt. % to 95 wt. % of the dispersed phase. 9.
The colloidal suspension of any one of claims 2 to 8, having a reduced color. 10. The colloidal
suspension of any otle ofithePrecatingnetaims olviiey sincthé cliispe tsed hydikated thelymeric compound
possesses a mean particle size less than about | micron. 45 11. The colloidal suspension of any one
of claims 1 tol@&pmiseddindtatc dispersat: kporpteddipdymetic eompopadipessessédidinean particle size
of 0.01 microns to 0.5 microns. 12. The colloidal suspension of any one of the preceding claims,
wherein the digpensiteg’syamttimselected from the group consisting of polyalkylene succinic
anhydrides, non-nitrogen containing derivatives of a polyalkylene suecinic anhydride and mixtures
thereof. 13. The colloidal suspension of claim 12, wherein the polyallcylene succinic anhydride is a
polyisobutylene succinic anhydride. 14. The colloidal suspension of any one of the preceding claims,
wherein the oil phasé.furtiverotiomiplisependetergeny. B Thbcpiiviedingupensiohaticlahn 14, wherein
the detergent is a metal

dispersing agent is selected from the group consisting of polyvalkylene succinic

anhydrides, non-nitrogen containing derivatives of a polyalkylene succinic

anhydride and mixtures thereof.

13. The colloidal suspension of claim 12, wherein the polvalkylene succinic

anhydride is a polyisobutylene succinic anhydride.

14, The colloidal suspension of any one of the preceding claims, wherein the

o0il phase further comprises a detergent.

15. The colloidal suspension of claim 14, wherein the detergent is a metal

sulfonate.

16. The colloidal suspension of claim 15, wherein the metal sulfonate is a

low overbased metal or neuiral metal sulfonate,
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sulfonate. 16. The colloidal suspension of claim 15, wherein the metal sulfonate is a low overbased
metal or neutral metal sulfonate. 46 17. The colloidal suspension of claim 15, wherein the metal
sulfonate is a calcium sulfonate. 5 18. A process for preparing a stable colloidal suspension
comprising: mixing, under agitation, (a) an aqueous solution comprising one or more hydrated
polymeric compounds selected from the group consisting of polymolybdates, polytungstates,
polyvanadates, polyniobates, polytantalates, polyuranates, and mixtures thereof; (b) one or more
dispersing agents and (c) a 10 diluent oil to form a micro emulsion; and, heating the micro emulsion to
a temperature to remove sufficient water so as to produce a stable colloidal suspension comprising

(a) a dispersed phasec risin major amount of ong.or more djspersed hifgrated polymeric
compounds selectedﬁ'rc?@ %hcé) llé%)dl?lp Séigjﬁg}]s?ﬁ%ﬁooﬁce% bolymiolysaa e%i}%gﬁ}% SYSEERS Blyvanadates,
15 polyniobatgglcgg{yg%qgglgggs, polyuranates, and mixtures thereof; and, (b) an oil phase comprising
the dispersing agent an the diluent oil. 19. The process of claim 18, wherein the polymeric compound
is a polymolybdate. 20 20. The process of claim 18 or claim 19, wherein the polymeric compound

further comprises an alkali metal selected from the group consisting of lithium,

5 18. A process for preparing a stable colloidal suspension comprising;
mixing, under agitation, (a) an aqueous solution comprising one or more
hydrated polymeric compounds selected from the group consisting of
polymolybdates, polytungstates, polyvanadates, polyniobates, polytantalates,
polyuranates, and mixtures thereof; (b} one or more dispersing agents and (c) a
10 diluent oil to form a micro emulsion; and,
heating the micro emuision to a temperature to remove sufficient water so as
to produce a stable colloidal suspension comprising (a) a dispersed phase comprising
a major amount of one or more dispersed hydrated polymeric compounds selected
from the group consisting of a polymelybdates, polytungstates, polyvanadates,
15 polyniobates, polytantalates, polyuranates, and mixtures thereof; and, (b) an oil

phase comprising the dispersing agent and the diluent oil.

19. The process of claim 18, wherein the polymeric compound is a
polymolybdate.

20

20. The process of claim 18 or claim 19, wherein the polymeric compound
further comprises an alkali metal selected from the group consisting of lithium,

sodium, potassium and rubidium.
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sodium, potassium and rubidium. 47 21. The process of claim 20, wherein the alkali metal polymeric
compound is sodium polymolybdate. 22. The process of any one of claims 18 to 21, wherein the
polymeric 5 compound further comprises magnesium, calcium, ammonium or thallium. 23. The
process of any one of claims 18 to 22, wherein the polymeric compounds are selected from the group
consisting of isopolymolybdates, isopolytungstates, isopolyvanadates, isopolyniobates,
isopolytantalates, 10 isopolyuranates, heteropolymolybdates, heteropolytungstates,

heteropolyvanadates, , heteropolyniohates ergpolytantalates, and heteropolyuranates. 24. The
process of any one S%Ic'ljrﬁn?wesp?% o %@%%énrem’ ﬂ‘ﬁ’q(apfﬁ%%ag}%i??}g %bghettagpggfgb%g FOPR MY roup

consisting of pglg/a}{l%nlen succinic anhydrides, non 15 nitrogen containing derivatives of a
polyalkylene sticcinic aﬂﬁl Fic g%é?ﬁ‘gemixtures thereof. 25. The process of claim 24, wherein the
polyalkylene succinic anhydride is a polyisobutylene succinic anhydride. 20 26. The process of any
one of claims 18 to 25, wherein the step of mixing, under agitation, further comprises mixing a

detergent. 48 27. Th Progess of claim 26, wherein the detergent |s a metal sylfonate. 28. The process
of claim 27, wherein ?h'e met %?ﬁ?gr?gt%n% %nﬁ)(\?vteg%ér Sag%t(tjo 9?’ Wherein e poLiymem

5  compound further comprises magnesium, calcium, ammonium or thallium.

23. The process of any one of claims 18 to 22, wherein the polymeric
compounds are selected from the group consisting of isopolymolybdates,
1sopolytungstates, isopolyvanadates, isopolyniobates, isopolytantalates,

10 1isopolyuranates, heteropolymolybdates, heteropolytungstates, heteropolyvanadates,

heteropolyniobates, heteropolytantalates, and heteropolyuranates.

24. The process of any one of claims 18 to 23, wherein the dispersing agent
is selected from the group consisting of polyalkylene succinic anhydrides, not-
15 nitrogen containing derivatives of a polyalkylene succinic anhydride and mixtures

thereof.

25. The process of claim 24, wherein the polyalkylene succinic anhydride is
a polyisobutylene succinic anhydride,

20

26. The process of any one of claims 18 to 25, wherein the step of mixing,

under agitation, further comprises mixing a detergent.
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metal or neutral metal sulfonate. 29. The process of claim 27, wherein the metal sulfonate is a calcium
sulfonate. 30. The process of any one of claims 19 to 29, wherein the colloidal suspension has a
reduced color. 31. The process of any one of claims 18 to 30, wherein the one or more dispersed
hydrated polymeric compounds possess a mean patrticle size less than 1 micron. 32. The process of
any one of claims 18%o B, whesssintlstone brvherendispdetageny oy ated pbiyiienidecompounds
possess a mean particle size of 0.01 microns to 0.5 microns. 33. The process of any one of claims 18
to 32, wherein the major amount of the dispersed hydrated polymeric compounds is from 50 wt. % to
100 wt. % of the dispersed phase. 49 34. The process of any one of claims 18 to 32, wherein the
major amount of thé&didperpun¢sydriattdmSiunaxtctoipoatd sisifenie 60aie s torBB e, % of the
dispersed phase. 35. A lubricant composition comprising a major amount of an oil of lubricating
viscosity andractaliometfaetingtahsolinnefthe stable colloidal suspension of any one of claims 1 to 17.
36. An additive package comprising 10 to 75 weight percent of the stable colloidal suspension of any
one of claims 1 to 17.

29. The process of claim 27, wherein the metal sulfonate 1s a calcium

sutfonate.

30. The process of any one of claims 19 to 29, wherein the colloidal

suspension has a reduced color.

31. The process of any one of claims 18 to 30, wherein the one or more
dispersed hydrated polymeric compounds possess a mean particle size less than 1

TNICION.

32. The process of any one of claims 18 to 30, wherein the one or more
dispersed hydrated polymeric compounds possess a mean particle size of 0.01

microns to 0.5 microns.

33. The process of any one of claims 18 to 32, wherein the major amount of
the dispersed hydrated polymeric compounds is from 50 wt. % to 100 wt. % of

the dispersed phase.
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37. The additive package of claim 36 further comprising one or more of additives selected from the
group consisting of ashless dispersants, sulfurized hydrocarbons, dialkyl hydrogen phosphates, zinc
dithiophosphates, polyol esters of fatty acids, 2,5-dimercaptothiadiazole, benzotriazole, molybdenum
sulfide complexes, imidazolines, and foam inhibitors. 38. An additive package comprising 10 to 75
weight percent of the stable colloidal suspensign of claim 7. 39. A process for preparing a stable
colloidal suspensionompFiEGES kAR, OREIST SHHEHR, Wit dtaB U ESBIUES HIBERRS%6ing (i) one or
more monomelic compounds selected from the group consisting of molybdenum, tuntgsten, and

vanadium coftSifiiBESth PSR AR TP AR eHRRAVRL HolTRTbPAN S0 AdR Eapdble St dPfeast partially

polymerizing the one or. more monomeric compounds; (b) one or more dispersing agents and (c) a
diluent oil to forAEHiER &mulsion; and, heating the micro emulsion to a temperature to remove
sufficient water so as 5 to produce a stable colloidal suspension comprising (a) a dispersed phase
comprising a major amount of one or more dispersed hydrated polymeric compounds selected from
the group consisting qQf polymolybdates, polytungstates and polyvanadates; and, (b) an oil phase
comprising the dispe’%in‘é PR RO SR BIP O 2h2 THAH FERBYR 6Y AARH 88, wherein the
monomeric cgwund is,a monomeric. molypdenum containjng compound, 41. The process of claim

39 or claim 4 AP, \fﬁéoﬁﬁﬁ 3.891 2 TERA fﬁ,ftﬂslrg amount of the stable colloidal suspension

of any one of claims 1 to 17,

36. An additive package comprising 10 to 75 weight percent of the stable

colloidal suspension of any one of claims 1 to 17.

37. The additive package of claim 36 further comprising one or more of
additives selected from the group consisting of ashless dispersants, sulfurized
hydrocarbons, dialky! hydrogen phosphates, zinc dithiophosphates, polyol esters of
fatty acids, 2,5-dimercaptothiadiazole, benzotriazoie, molybdenum sulfide

complexes, imidazolines, and foam inhibitors.

38. An additive package comprising 10 to 75 weight percent of the stable

colloidal suspension of claim 7.

39. A process for preparing a stable colloidal suspension comprising:
mixing, under agitation, an (a) agueous solution comprising (i} one or more
monomelic compounds selected from the group consisting of molybdenum,

tungsten, and vanadium containing compounds and (ii) an effective amount of an
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step of mixing, under agitation, further comprises a hydroxide selected from the 15 group consisting of
alkali metal hydroxides, alkaline earth metal hydroxides, ammonium hydroxide and thallium hydroxide.
42. The process of claim 41, wherein the alkali metal hydroxide is selected from the group consisting
of lithium hydroxide, sodium hydroxide, potassium 20 hydroxide and rubidium hydroxide. 43. The
process of claim 41, wherein the alkaline earth metal hydroxide is magnesium hydroxide. 51 44. The
process of any one of claims 39 to 43, wherein the acid is selected from the group consisting of nitric

acid, sulfuric gcid GaBRNG Al RASRRNRYIS. REIL-DYIORROSALYY AFidySiliscacd. boric acid and

mixtures thereof. 5 45. The process of any oné of claims 39 to 43, wherein the one or more

monomeric comARUAE. SEIPEIRCLIA e GIOUR £ARSIRING LM OURASRYM o ligRER; Ad vanadium

containing compounds further comprise an alkalimetal. 46. The process of claim 45, wherein the alkali
metal is selectggd from.the; 10 group consisting of lithium, sodium, potassium and rubidium. 47. The
process of any one of claims 39 to 46, wherein the dispersed hydrated polymeric compounds are

selected from the grqup,oNSiSting, of iR aRAINNIP D ARS ISARAMARIARE S JSRRAY WABALE S

heteropolyniobates, 15 heteropolytantalates, and heteropolyuranates. 48. The process of any one of
claims 3%to 47, wherein, e HisRATSIAY 20&Ith IR SIGRRE I TANE SPUREIHIS BG- A Ralyalkylene
succinic anhydrides, non-

a major amount of one or more dispersed hydrated polymeric compounds selected

from the group consisting of polymolybdates, polytungstates and polyvanadates;

and, (b) an o1l phase comprising the dispersing agent and the diluent oil.

10 40. The process of claim 39, wherein the monomeric compound is a

monomeric molybdenum containing compound.

41. The process of claim 39 or claim 40, wherein the aqueous solution in the
step of mixing, under agitation, further comprises a hydroxide selected from the
15  group consisting of alkali metal hydroxides, alkaline earth metal hydroxides,

ammonium hydroxide and thallium hydroxide.
42. The process of claim 41, wherein the alkali metal hydroxide i1s selected
from the group consisting of lithium hydroxide, sodium hydroxide, potassium

20 hydroxide and rubidium hydroxide.

43. The process of claim 41, wherein the alkaline earth metal hydroxide is

magnesium hydroxide.
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nitrogen containing derivatives of a polyalkylene succinic anhydride and mixtures 20 thereof. 49. The
process of claim 48, wherein the polyalkylene succinic anhydride is a polyisobutylene succinic
anhydride. 52 50. The process of any one of claims 39 to 49, wherein the step of mixing, under
agitation, further comprises mixing a detergent. 51. The process of claim 50, wherein the detergent is
a metal sulfonate. 52. The method of claim 51, wherein the metal sulfonate is a low overbased metal
or neutral metal sulfonate. 53. The process of claim 51, wherein the metal sulfonate is a calcium

sulfonate. 54. The process of any.one,of dlaims 29,12 55, wherein.the one or more, dispersed hydrated
polymeric compounds possess a mean-particle size Tess than’l” micron. 55."Thé process of any one of

claims 39 tof§3 herein the one .or more .dis rsegﬁh){dra d palymeric.compounds possess a mean
particle size 0 18\%16 Pict oﬁgx}%}%{ rﬁlcr}loﬁg.ag@’ﬁe pr%ggtlsecis é)?gé\?%ﬁ(él oftela é:‘%(’?@ to 55, wherein

the major amount of tlt} dispersed rated meric com ourgéjs IS from 50 M. % to 100 wt. % of the
dispersed pﬁalsé.pgéog %Sﬁ:ﬁcg %‘r:oaccééjsgg Cé%?’/cc%)glr?g %?%I%?}(ﬁ;a&% ) TE{/SVFIIG%%I the major amount of
5 45. The process of any one of claims 39 to 43, wherein the one or more
monomeric compounds selected from the group consisting of molybdenum,

tungsten, and vanadium containing compounds further comprise an alkali metal.

46. The process of claim 45, wherein the alkali metal is selected from the

10 group consisting of lithium, sodium, potassium and rubidium.

47. The process of any one of claims 39 to 46, wherein the dispersed
hydrated polymeric compounds are selected from the group consisting of
isopolyniobates, isopolytantalates, isopolyuranates, heteropolyniobates,

15 heteropolytantalates, and heteropolyuranates,

48. The process of any one of claims 39 to 47, wherein the dispersing agent
is selected from the group consisting of polyalkylene succinic anhydrndes, non-
nitrogen containing derivatives of a polyalkylene succinic anhydride and mixtures

20 thereof.

49. The process of claim 48, wherein the polyalkylene succinic anhydride is

a polyisobutylene succinic anhydride.
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the dispersed hydrated polymeric compounds is from 60 wt. % to 95 wt. % of the dispersed phase. 58.
The process of any one of claims 39 to 57, wherein the colloidal suspension has a reduced color. 59.
A process for preparing a stable colloidal suspension comprising: mixing, under agitation, (a) an
agueous solution comprising one or more monomelic compounds selected from the group consisting
of niobium, tantalum, and uranium containing compounds; (b) one or more dispersing agents and (c)
a diluent oil to form”3-mi&foPEpETSiBhaBhenhebtiithe hitrs ewiEistn 6 HaR/igaksiige to remove
sufficient water so as to produce a stable collpidal suspension comprising (a) a dispersed phase
comprising &GN AP HRPRPESES MY bAEY FOR#sE e compound selected from the group
consisting of polymolybdates, polytungstates, polyvanadates, polyniobates, polytantalates, and
polyuranates; and, (b) an oil phase comprising the dispersing agent and the diluent oil. 60. The

process of claim 59, Whiilein the aqueous soluti?&n in tgze S %% of mijxing, under agitation, further
i

comprises a hydroxite SAeESGHORT B gral Vet ERAT B Ry SHURRALS, alkaline earth

metal hydroxides, ammonium hydroxide and thallium hydroxide. 54 61. The process of claim 59 or
claim 60, wherein the alkali metal hydroxide is selected from the group consisting of lithium hydroxide,

sodium hydroxide, tassium hydroxide.and ruhidium hydroxide. .
y gg afﬁe meth){)d of claim g 1, wherein th)e/ metal sulfonate 1s a low overbased

metal or neutral metal sulfonate.

53. The process of claim 51, wherein the metal sulfonate is a calcium

sulfonate.

54, The process of any one of claims 39 to 53, wherein the one or more
dispersed hydrated polymeric compounds possess a mean particle size less than 1

micromn.

55. The process of any one of claims 39 to 53, wherein the one or more
dispersed hydrated polymeric compounds possess a mean particle size of 0.01

microns to 0.5 microns.

56. The process of any one of claims 39 to 55, wherein the major amount of
the dispersed hydrated polymeric compounds is from 50 wt. % to 100 wt. % of the

dispersed phase.



62. The process of claim 60, wherein the alkaline earth metal hydroxide is magnesium hydroxide. 63.
The process of any one of claims 59 to 62, wherein the one or more monomeric compounds selected
from the group consisting of niobium, tantalum, and uranium containing compounds further comprise
an alkali metal. 64. The process of claim 63, wherein the alkali metal is selected from the group
consisting of lithium, sodium, potassium and rubidium. 65. The process of any one of claims 59 to 64,
wherein the one or mdre! HidPersel Hyanss PHR/AEAC LompouriE drd e TBateRmeNiNE group
consisting of isopolyniobates, isopolytantalates, isopolyuranates, heteropolyniobates,

heteropolytaritfl SieRe e statedh sRNIRAT S B Ui b isealor ang IFefa® to 65, wherein
the dispersing agent is selected from the group consisting of polyalkylene succinic anhydrides, non-
nitrogen cont%fﬁﬂ?@s%ﬁk}%es of a polyalkylene succinic anhydride and mixtures thereof. 55 67. The
process of claim 66, wherein the polyalkylene succinic anhydride is a polyisobutylene succinic
anhydride. 68. The process of any one of claims 59 to 67, wherein in the step of mixing, 5 under
agitation further comprises a detergent. 69. The process of claim 68, wherein the detergent is a metal

sulfonate. 70. The protesSoPQSH BOIWHRIRRT i TetA e MoRdte s 18 weloEHased 10 metal or

neutral metal sulfonate.
suspension has a reduced color.

59. A process for preparing a stable colloidal suspension comprising:

mixing, under agitation, (a} an aqueous solution comprising one or more
monomelic compounds selected from the group consisting of niobium, tantaium,
and uranium containing compounds; (b) one or more dispersing agents and (¢) a
diluent oil to form a micro emulsion; and,

heating the micro emulsion to a temperature to remove sufficient water so as
to produce a stable colloidal suspension comprising {a} a dispersed phase comprising
a major amount of a dispersed hydrated polymeric conlpound selected from the
group consisting of polymolybdates, polytungstates, polyvanadates, polyniobates,
polytantalates, and polyuranates; and, (b) an o1l phase comprising the dispersing

agent and the diluent oil.

60. The process of claim 59, wherein the aqueous solution in the step of
mixing, under agitation, further comprises a hydroxide selected from the group
consisting of alkali metal hydroxides, alkaline earth metal hydroxides, ammonium

hydroxide and thallium hydroxide.

54



71. The process of claim 69, wherein the metal sulfonate is a calcium sulfonate. 56

61. The process of claim 59 or claim 60, wherein the alkali metal hydroxide
is selected from the group consisting of lithium hydroxide, sodium hydroxide,

potassium hydroxide and rubidium hydroxide.

62. The process of claim 60, wherein the alkaline earth metal hydroxide is

magnesium hydroxide.

63. The process of any one of claims 59 to 62, wherein the one or more
monomeric compounds selected from the group consisting of niobium, tantalum,

and uranium containing compounds further comprise an alkali metal.

64. The process of claim 63, wherein the alkali metal is selected from the

group consisting of lithium, sodium, potassium and rubidium.

65. The process of any one of claims 59 to 64, wherein the one or more
dispersed hydrated polymeric compounds are selected from the group consisting of
isopolyniobates, isopolytantalates, isopolyuranates, heteropolyniobates,

heteropolytantalates, and heteropolyuranates.

66. The process of any one of claims 59 to 65, wherein the dispersing agent
1s selected from the group consisting of polyalkylene succinic anhydrides, non-
nitrogen containing derivatives of a polyalkylene succinic anhydride and mixtures

thereof,
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67. The process of claim 66, wherein the polyalkylene succinic anhydride is

a polyisobutylene succinic anhydride.

68. The process of any one of claims 59 to 67, wherein in the step of mixing,

5 under agitation further comprises a detergent.

69. The process of claim 68, wherein the detergent is a metal sulfonate.

70. The process of claim 69, wherein the metal sulfonate is a low overbased

19  metal or neutral metal suilfonate.

71. The process of claim 69, wherein the metal sulfonate is a calcium

sulfonate.
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