STABLE COLLO DAL SUSPENSI ONS AND LUBRI CATI NG O L COVPGCSI TI ONS CONTAI NI NG
SAME 5 BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention generally relates to stable colloidal suspensions useful as

| ubricating oil additives for lubricating oil conpositions. 2. Description
of the Related Art 10 Conpositions containing nolybdic acid have been used
as lubricating oil additives to control oxidation and wear of engi ne
conponents. Since their discovery, such conplexes have been w dely used as
engine lubricating oil additives in autonotive and diesel crankcase oils
and as an additive in sonme two-cycle oils to prevent val ve sticking.
General |y, these conpoundsS3A8 HLOBAL SUSBENSHONS idfPbi t or (DI) package
15 that is then added-WBRIGHETINGDHe COMPOUEIONG CONEBAININGyeAREal , such
conpositions can be, for exanple, conplexes of nolybdic acid and oil

sol ubl e basi GACKGROEMNI Ot BIR INYEDGPNunds nmade with an organi ¢ sol vent
during a nol ybdenum contai ni ng conposition conpl exation step. The

conpl exat i on 1stRfld efthe gvenfied | owed by a sul furization step as disclosed in
U S. Patent Nos. 4,263,152 and 20 4,272,387, the contents of which are

i ncorporated her eiffe BieséfiBlRiGrenbrally RIM &M ABSRCLAGIAA s%ﬁeﬁsi&ﬁbﬁ%@ﬁﬁ@sﬂpounds
is that they are dark in color, “particularly after sulfudrization; the

sul furized comRsiid ANIRNRs %tlﬁﬂgg%‘yga@g%%nd{?@ﬁégg_or. For instance, the

sul furized conpositions are measure t triple dilute (DDD) using
an ASTM D1509 %%séiﬁ%£%§9é§uﬁﬁ@fﬂﬁnﬁtriC test. Since reduced color 1

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 ubricating 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 engine&ubricating 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



| ubricating oils are highly desired in the marketpl ace, these dark
conpositions can only be used in [imted anobunts because of the inpact
they have on the finished oil color. It would therefore be desirable to
provide a lubricating oil additive which not only exhibits good frictional
properties, oxidation inhibition and anti-wear performance for 5

| ubricating oil conpositions but also allows for |ower color of the

| ubricating Qils. SUVMMARY OF THE | NVENTION I n accordance with a first
embodi nent  ofluBrirating eilseie highlydgsiredrin the markgiplace dhesoilark compesiiinng shwenly s

provi ded conprising (a) a dispersed phase conprising a major anount of 10
one or nore despatindihiteddmateld bpehsaEitheingeiptbendse o tecfirgsheti odrrotone gr oup
consi sting of polynol ybdates, polytungstates, polyvanadates, pol yniobates,
pol ytant al ates, [okyud dratfes be dadrabiext proeiletaelirtafing i dddifive) wiich adtonphase
conprising one or nore dispersing agents and a diluent oil. In a preferred
enbodi ment  ofexhibts grodsEekonaMepérties) oxidatidnaibhibitioalah® hiflalveSU4RBBASANRE forlS 1S
provi ded which conprises (a) a di spersed phase conprising a major anmunt of

a di sper sed [ipaeiEsll RRPHRRIHPBRERL aBBFs fr Pdwd ok bt BB ATSic&}HPYilsSI Ng one

or nore dispersing agents selected fromthe group consi sting of
pol yal kyl ene succi ni ¢ anhydri des, non-nitrogen containing derivatives of a
pol yal kyl ene succi nic anhydride and m xtures thereof, and a diluent oil.

20,11, 210 e s PR BRGRETt venty on @ process o) pepat
caraon. (8) a0 Fuenis, SO R SRIRLLR! PO IS o TRL, POLIISH o
suspension is provided comprising (a} a dispersed phase comprising a major amount of
10  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 one or more
dispersing agents and a diluent oil.
In a preferred embodiment of the present invention, a stable colloidal suspension
15 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 agents selected from the group consisting of polyalkylene succinic anhydrides,
non-nitrogen containing derivatives of a polyalkylene succinic anhydride and mixtures
thereof, and a diluent oil.
20 In another embodiment of the present invention, 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 polymolybdates,



pol yt ungst at es, pol yvanadat es, pol yni obates, pol ytantal ates, pol yuranates,
and m xtures thereof; (b) one or nore dispersing agents; and, (c) a
diluent oil to forma mcro enmulsion; and, heating the mcro enmulsion to a
tenperature to renove sufficient water so as to 5 produce a stable
col | oi dal suspension conprising (a) a dispersed phase conprising a nmajor
anount of one or nore dispersed hydrated polyneric conpounds selected from

the group consisting of pol ypol ybdates, polytungstates, pol yvanadates,

pol yni obat es,POSIﬂBF%H Gt %qlﬁ‘faé§$£?§oP‘5W%‘??éﬁtSegqu%fagFﬁ9»& WA RFAWIIXIWER, ( b)
an oil phase conprising the dispersing agent_and the diluent oil. 10 In
yet anot her efprgel fone of mprecdispessingagentpands (cha diluenpeidtefosmpgnicrsr epari ng a
stabl e col |l oi dal suspension is provided conprising: mxing, under
agitation, (mdsioggudous sol ution conprising (i) one or nore nononeric
conpounds sel ected fromthe group consisting of nolybdenum tungsten, and
vanadi um cont ai ni rigathgnemidas emalkthn(tb b teragerafifas tanwere dofficient whtepsv &ab d
capable of at 15 least partially polynerizing the one or nore nonomeric

conpounds;5 ( Pro@ite a@taboBoiddll SRRHSbR BorABRMS(apa dispéideddphdid de@iPrisRigla to form
a mcro emul sion; and, heating the mcro emulsion to a tenperature to

remve Suf fi ket at@liebe 5 i indOdicPh QA Arfa o Bic BBl s RSP EBR B

conprising (a) "a dispersed phase conprising a 'najor unt of one or nore
Conor St ?ﬂghﬁgéf%ﬁ&f ‘Sy*’r‘%o @%%%58@%%@#5%%8@%@%‘%vageﬁaﬁvgé?ﬂ%hd, (b)
ML ERS TR e (T TR S AR e U
| dispersing agent and the diluent oil.
10 In yet another embodiment of the present invention, a process for preparing a-
stable colloidal suspension is provided comprising:
mixing, under agitation, (a)} an aqueous solution comprising (i) one or more
monomeric compounds selected from the group consisting of molybdenum, tungsten, and
vanadium containing compounds; and (ii) an effective amount of an acid capable of at
15  least partially polymerizing the one or more monomeric compounds; (b) one or more
dispersing agents and (c) 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
20 group consisting of polymolybdates, polytungstates and polyvanadates; and, (b) an oil

phase comprising the dispersing agent and the diluent oil.



stabl e col |l oi dal suspension is provided conprising: mxing, under
agitation, (a) an aqueous solution conprising one or nore nononeric
conmpounds sel ected fromthe group consisting of niobium tantalum and 5
ur ani um cont ai ni ng conpounds; (b) one or nore dispersing agents and (c) a
diluent oil to forma mcro emulsion; and, heating the mcro enmulsion to a
tenperature to renove sufficient water so as to produce a stable coll oi dal
suspensi on conprising (a) .a dispersed phase conprising a ngjor anount of
one or nore di speﬁélgd’eh%l;héf egbysimentf the REesEHGBTRIE0R & RERIcHIor PERIERE2 10
group consisting of polyniobates, polytantal ates, and pol yuranates and (b)
an oil phase stab?ﬁg@ilmﬁalrﬁglsnem@omssp@rlé¢ n@gieing: and the diluent oil. Yet

anot her enbodi nent of the present invention is a lubricating oil

conposi tion conpmisinpgunder) agitaticy, (@) aaagumobs affutam coivprieihg budor martei ng
viscosity and (b) a mnor effective anount of the foregoing stable

col | oi dal suspeRsiefio sompdundh sl ataldr@n drldraipdahsistipreniibons, thesiain)and

advant ageously exhibit good frictional properties, oxidation inhibition
and anti - yeanrdifish @56 EARES HRSBuRIRPbPYRbrasord dishétiit i Gadntdhdaehd diluest diPlo

| ubricating oil conpositions. Additionally, the stable coll oidal

suspensi ons hBgheh hiReSs8&Sont M col or. 20 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The stable col | oi dal suspension of the present

nuent on Y ¢ SSRGSl e HNGE 1 GA-AR, SR PBgCal Rl SRETS
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major amount of one or more dispersed hydrated polymeric compounds selected from the
10 group consisting of polyniobates, polytantalates, and polyuranates and (b) an oil phase
comprising the dispersing agent and the diluent oil.

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

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

lubricating additive for ubricating oil compositions. Additionally, the stable colloidal

suspensions herein possess low color.

20 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 polymeric compounds selected from the group consisting of



pol yuranates, and m xtures thereof; and, (b) an oil phase conprising one or
nore dispersing agents and a diluent oil. Each of these conponents in the
col | oi dal suspension will be defined herein. THE DI SPERSED HYDRATED
PCLYMERI C COVWPOUNDS Hydrat ed pol yneric conpounds useful in formng the

di spersed hydrated pol yneric conmpounds of the dispersed phase of the
col | oi dal suspensions of the present 10 invention are hydrated polyneric

conmpounds sel ected fromthe group cqnsisting qQf . pol ynol ybdat es,

pol yt ungst at é%o(fylﬂ V?Af’gfﬁaﬂg st IRfﬁWB& %@;Pigﬁllﬁaéﬁtgﬁ&%%@ﬁmspol yur anat es,
and m xtures thereof. Cenerally, formation of the hydrated pol yneric
conpounds i s RASRRESS ¢ mikturesdhsread; ayo(h) ian il phese spMpTSIBE ABNTIBMEC
conmpounds sel ected fromthe group consisting of nolybdenum tungsten,
vanadi um ni obspgrainglapents andid dilgenteil ur ani um cont ai ni ng conpounds in a
suitable medium e.g., water, to forma solution. Suitable nolybdenum

t ungst en, vanadi ufachbbthesermonipamdnsd iurthe eiididat spansion e6i badefineg bersppounds

i ncl ude can be the sinple oxides of such conpounds. For exanple, the

si npl e oxisdes of nol ybdenum and tungsten may have the followi ng chem cal

formul ae: MO3, W3, MIRGISPHRSED FORXPED HOL YRERIC ©oMpbempat ed that 20
known ot her non-stoichionetric oxides can be used herein. For exanple, the

so-called "blue qxjadRsd pdfmémd DR R0l ﬁlqg%tﬁugawgf eﬁé@ﬁ%ﬁ,}s‘%of such

non-stoi chionetric ™ oxides, and they contain N~ OXi and xi de

0LouES, OB 0N A e RSO R

vanadi um ni 1"um um " an rani
such CO”H%” nqrslve% 1911 Qr% h%r%%drﬁ%fy%erﬁb ch%pgunds 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 in a sujtable medium, e.g., water, to form a
solution. Suitable molybdenum, tungsten, vanadium, niobium, tantalum, and uranium
containing compounds include can be the simple oxides of such compounds. For
example, the simple oxides of molybdenum and tungsten may have the following
chemical formulae: MoQj;, 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



I n general, when dissolving the one or nore nol ybdenum tungsten, vanadi um
ni obi um tantalum and urani um contai ning conpounds, it is particularly
advant ageous to enploy a strong base such as, for exanple, hydroxides of
al kali metal and alkaline earth netals, ammonium thallium etc. Wile all
of the hydroxides of alkali nmetal, 5 amonium nagnesium and thalliumform
wat er sol ubl e conpounds with the nolybdenum tungsten, vanadi um niobium
tantal um and urani um cqgnt ai ni.ng.  conpounds, other netal hydroxi des such
as, e.g., calci umDesrsRlwgherdissplyaibe ane aanys mdbdgRim, HRgstaRoyapBdianm
tungsten, vanadium niobium tantalum and urani um containi ng conpounds.
Accor di ngl y, miebivwsytaplelune eed sranipn eongddngcguidunds, éris patiouatly afvantageoamtoaci d
effective to dissolve the water-insol uble nmetal hydroxi de and nol ybdenum

t ungst en, vareagileyng stingthasenuch am) fal cuamplanioydurxades wfulkabimaiah amrbaledinp @antids .
Water sol uble conpounds are preferred herein with the sodium potassium
anmmoni um  andn¢tsigneshetiwhytlsltivingdes. Bl o se Hydekrles efalkd ineknat i vel y,
conpounds such as, for exanple, sodium nol ybdates, are known and

commer ci alsl y suaddi@h) Ba@Rdudidi8ald i esih Watel Soiauld @&nﬁSdﬁnH@@i‘cﬁ et abl e
medi um The nol ybdenum cont ai ni ng conpounds cal | ed nol ybdates, and the

tungsten co LA C S ﬁﬁ']{éﬁtures
M2MDO4 and W%V(\%zwe?%?pec%i véqulrfa é?’%bwg%tﬂ{é&éwgﬁﬁﬁuﬁ%gg?@ al%kal i ne earth

el T ERTER O L LM, TS AR EEOES) L
compeunts oot RSPAE s Rarth AR BT LA Sl U0 shOBE Do
in a suitabl econt%%&ndg c%&%o&n’a({s.e ch%grd}cn%[yﬂta}xle?yok!eur}eix?sgéry ?o add a sufficient amount of
10 an acid effective to dissolve the water-insoluble metal hydroxide and molybdenum,
tungsten, vanadium, niobium, tantalum, and uranium éontaining compounds. Water
.soluble compounds are preferred herein with the sodium, potassium, ammonium, and
magnesium hydroxides being most preferred. Alternatively, compounds such as, for
example, sodium 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 MyMoO, and M; WO,
respectively, where M is the alkali metal, alkaline earth metal, ammonium, magnesium,
or thallium. The vanadates, niobates, tantalates, and uranates eaéh 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 to form a solution.



As one skilled in the art would readily appreciate, the niobium tantalum
and urani um conpounds can be pol ynerized in basic solution. However, for
the nol ybdenum tungsten and vanadi um contai ni ng conpounds, polyneric
conmpounds can only be fornmed in an acid solution, e.g., a solution having
a pH of between about 2 and 5 about 7 is preferred, with a pH between about
5 and about 7 being nost preferred. Accordingly, it will be necessary to
add an effective apount an acid capable of at least _partially

pol yreri zi ng the ?W&&ﬁ{?fjﬂm g Ag St ’&ﬁ‘é}ﬁiﬁ&ﬁ%’r%@dﬁ?b&mﬁi tgatzbhgBdinds.
Suitabl e acids include, but are not limted to, nitric acid, nitric oxides,
sul furic aci durasigmfogmpognds e be pimerigedtin besxd WwutionaHessier, feithe car bon

oxi des,. carbon di oxi de, phosphoric acid, 10 phosphorous acid, phosphoric
oxi des, pol ypholybéeuing tmgsten anglotappdionphorinmgnopesndsspdlimerc canpoindséani con
nonoxi de, boric acid, boron oxides and the like wth nitric acid, sulfuric
aci d, car boni enlpbé fhrmpdinsqheoid woluionds.g. py schptvatphop iapHoef tdtweinlabowt@ adi d,
and boric acid being preferred. CGenerally, the anount of the acids

enpl oyed i tdvost Bispefeddt, Wath)a pH bRt abBut® aqdadmsﬁtm&iﬁgaxﬂgétgwefé&m about
0.1 to about 2 tinmes the stoichionetric quantity 15 required for

neutralizati Oﬁcc%ﬂﬂn@gég{ SIPR decds QP ARRn é?feétiéeoarﬁ&iﬂg%% ah i {)agl?o;la B{'ﬁ least

t heoretical anount, nerally, whén the polyneric c ormed is

f lyb Und, ' I . ybdat es. . Th
pol ymol ybelat a2y PEBRRPER AES AN AP R DA TS (i

rel ated ani ong, i.¢h coptai.n, onl 0..np] ybdenu xygen, a hydr.o , and
t he heteropo@ﬂn%1 ﬁt%?jlgf Iengﬂlgﬁ(Pu{ €§i¥t$@t¥tgdmg cnﬂcg)aﬁgl%j%/\ﬁ’flgﬁ’ 8‘3 iaﬁldo%’ggt‘Sr
two atonms of anather el enent in addition to the nolybdenum oxygen, and
hydrogen. Si fi9%ife SEAESHAS. sabpme Agi a’ﬂlﬁ‘l"‘ %lﬁ@%ﬁ? dioxidea BRQSRROTH a5k um

tantal um_k and _ur ani um conpounds. These conpounds w Il form
_ 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 béric 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 ébout 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 hydrogen, and the heteropolymolybdates and their related
anions, which contain one or two atoms of another element in addition to the
molybdenum, oxygen, and hydrogen. Similar behavior is observed for tungsten,

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



7 pol ytungst ates, pol yvanadates, polyni obates, polytantal ates, and

pol yuranates. These polyneric conpounds are al so generally of two types:

i sopol ytungstates and their related anions, isopolyvanadates and their

rel ated ani ons, isopolyniobates and their related anions,

i sopol ytantal ates and their related ani ons, isopol yuranates and their
related 5 ani ons, heteropol ytungstates and their rel ated anions,
heteropolyvangﬁates and their  related anions, heteropol yni obates and their

rel ated ani onkOLYHBEAEH By ARl pelynighaies, Relitentalatsscandpobipiranates. Ahere

het er opol yuranates and their related anions. The resulting polyneric
conpounds or dPHEnpLS coneuRdsara alsy gengradly of twintypes isopolsiungstates aditbeir redatetl

hi gher pol yners of the nol ybdenum tungsten, vanadi um niobium 10

t ant al um andaniersnisopnlywenidaiasiand theonpletsd dsionsT ivepplghighates amdaheipeimel can
consist of polyneric acids in ionized formor in partially protonated
form They camialssivofmdytartyldicatetitheif redatedmiiadispslyrRlats a0 dRouBREdcan al so
be bound with counter ions such as those discussed above (e.g., alkali

netals, arDninidhs] KeiopdIPURGEt e thelrttalated Uilohs) Metkropd BREMMILRE s ihERe base
used to dissolve the nol ybdenum tungsten, vanadi um niobium 15 tantal um

and urani um Genked ARicAY, HeRrRRUREbatek %@ﬁ@ﬁ&ﬂ&@d ﬁ%ﬁﬁeﬁeta%*:&lﬁnaﬁ%tt%eanﬁrnﬁe%ﬁ”t
s tha e .

in the structure of the polyneric conmpoun t fesul rom

neutralizati %ﬁgﬁgaaﬂohg%ghetéfogs enﬂﬁg%%pﬁﬂé&j}eﬁa?]&_lé%t h the acid for the

vanadi um nol ybdenum “and tun ounds. For .(fnﬁ‘e het er opol yconpounds,
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tin, 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 ions, magnesium or thallium ions)
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, tantalum, and uranium containing

compounds, oxygen, and hydrogen will be present. The additional element can be, for

example, phosphorus, boron, carbon, nitrogen, sulfur, arsenic, silicon, germanium, tin,

titanium, zirconium, cerium, thorium, platinum, manganese, lead, nickel, tellurium,



titanium zirconium cerium thorium platinum manganese, |ead, nickel
tellurium 8 iodine, cobalt, alum num chromum iron, rhodium copper,
selenium and the like. The preferred additional elenents are sulfur,
boron and phosphorus. These additional elenents can be added at any tine
during the preparation of the polyneric conmpound. Preferably, these
additional elenents will be added to the aqueous solution of the 5

nol ybdenum tungsten,. vanadi um. ni obiym tantalum and urani um containi ng
conpounds. An’;?g‘%ﬁi ‘EOEBIIté‘?‘E’E'J‘%‘BuﬂHmB’Fmb e J8ed e FRpPeTs Peleriwm, adihelke sl in
form ng the heterqgpolyconpounds such as, for exanple, the halide, pseudo
hal i de, oxi d@f@@?ﬂedﬁ%a@;@# elementy aresubiar, beros gedpkaspharn. eThesmpdsiindel i ncl ude,
but are not limted to, boric 10 acid, nitric acid, nitric oxides, sulfuric
aci d, sul fur dfostgiean wadfed attany tiie deting the lpoapatiax pfithe pelymern coxpales,

car bon di oxi de, phosphoric acid, phosphorous acid, phosphoric oxides,

pol yphosphor i Rrefeedbily, tist yiutittaphelementowiltibsaddsd td tk aqieiudsoligioniof@e nonoxi de,
al um num oxi des, gernmani um oxi des, germani um di oxi de, stannic acid,

stanni ¢ 0Xd degolybiehifn thgstoX iveRiung, i fisbishs] e FunD ks RbfinAGIHiidthy Toopl unbi
oxi des, plunbous oxides, titanic acid, 15 titanium nonoxide, titanium

di oxi de and tdwgnpolik®. Most preferred of these conpounds are boric acid,
sul furic acid and phosphoric acid. The reaction of the al kali netal

hydroxi des and t h%ﬂ?ﬁe fm J?ﬁd%?h?égqggﬁgl eie%ﬂgéagl%g’us%/ﬁgggxir@% {_hni obi um

tantalum and ura cont ai ni ng conpounds 1S carried ou abl e

20 1006, and [ apRIEERUOERS sty thEE Gubtc vt g SSiaaher e
e bo e gampled O o SRR IR Ribead: indlude: Bt are not Homkted 1o, borie >0 ©°
10 acid, nitric acid, nitric oxides, sulfuric acid, sulfir 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, tantalurn, and uranium containing compounds is carried out
at suitable temperatures and pressures, .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. Subatmospheric 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



The reaction tine 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 armount ranging fromabout 9 0.5 to about 3 tinmes the theoretical anount
required for reaction, preferably fromabout | to about 2 tines the

t heoretical quantity of oxide is enployed, while the hydroxide is present
in an anount ranging from about 0 3 to about 2 tines the stoichionetric
quantity and preferably about 0. 5 to about | times the stoichionetric
quantity. 5 b OPEREIRIG A@Rmtl?ﬂémﬂ’il%tﬁé‘ﬁlﬁieﬁ@fé@wgs rreferaberom abati ng
the stable colloidal suspension of the present invention include, but are
not limted tioabpsRyamdsyfhetheorsiitatqwintityfloyifieiitianployanwhiie thlechgémxr;bm ai ni ng
derivatives of a polyal kyl ene succinic anhydride and a basic nitrogen 10
conpound sel guotsent ifiaommbivet rgugingfrannbow g abbututiradsnhantoiesiome aichymiytitiy C
acid am des, hydrocarbyl nonoam nes, hydrocarbyl polyam nes, Mnnich
bases, phospimdcpaaftrdlﬁy,aboﬁtm)tmmesmhqﬁﬁémﬁ!@mlalﬁidm@dﬁ@s;ﬂﬁ&%ﬁm des, and

m xtures thereof. One other such group suitable for use herein as a

di spersi ng agent includes copol yners which contain a carboxylate ester

wi th one or nore additional polar function, including am ne, amde, 15

imne, imde, hydroxyl, carboxyl Ifﬁpg se products can be
prepared by copolynerization of Tong Cf‘?ﬁl n aI 1I;!-It?gcryl ates or

nethacryl ates wit Ry gg@m% ngSQHH%HE Qve . fu ecoiﬁﬁ@ﬁgﬂgﬁgonopﬁ]ude

al kyl net hacryl at e vin

not haeryl ate-di al k ||no ylrrethac la mers and the |ike as well
as high nol @(‘Rff”gﬂx F 5&9'3%?/%% Bogga CNESPETIUIC Sy sIES B8 er s
such as 20 tetraeth Iene pentanlne pol yvi nyl pol ystearates and ot her

pol yst ear ani Jirogeme @pgx&dgnvatwes of a polyalkylerie 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 fhnction, 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-dialkylarrﬁnoethylmefhacrylate copolymers and the like as well as
high molecular weight amides and polyamides 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 anhydride or mixtures thereof.

10



t he di spersing agent is a pol yal kyl ene succinic. anhydride, non-nitrogen
containing derivative of a polyal kyl ene succinic anhydride or m xtures
t hereof . 10 The pol yal kyl ene succini c anhydri de di spersing agent is
preferably a polyisobutenyl succinic anhydride (PIBSA). The nunber average
nol ecul ar wei ght of the polyal kylene tail in the polyal kyl ene succinic
anhydri des used herein will be at |east 350, preferably from about to
about 750 to about_300 ﬂgﬂ nnst_preferaglé fromabout 5 900 to about
1100. In one enmbodiifaiftyalkylsResperinde srhyguis GisRayiahecaiisorerebydhydri des i s
enployed. In this enbodinent, the m xture preferably conprises a | ow
nol ecul ar wei BHYisolsnyhsueginierpahedridei(RIBS Adn Ard nabergapppnantecelayweight of
pol yal kyl ene succi ni ¢ anhydri de having a nunber average nol ecul ar wei ght
of from about thepolyelkylsbotal i1 68@olsatiyleac kiaynid Shhydtides wkat heneih glill be at least
pol yal kyl ene succi ni ¢ anhydri de conponent, e.g., a polyal kylene succinic
anhydri de hav3ypeferabip Gomaabentagebam 760 t dbouv®ioghhd afosf preferabbofiém 2680 to
about 3000. Still nore preferably, both the | ow and hi gh nol ecul ar wei ght
conponent 5 a9 tpabaitgohut enyl succi ni c anhydri des. Alternatively, various
nmol ecul ar wei ghts pol yal kyl ene succi ni ¢ anhydri de conponents can be
conbi ned as a di spg SR ! . ﬁjft?e @f&g%
ref erenced disperggﬁﬁgeggégg%%%%fied éﬁ?g .%%%ﬁggﬁ%$§$§m$ e pé y gvpéne
succi ni ¢ anhydrg bSq:Qht Al : ' f a_.pol yal kyl ene
yﬂ g@mb&d%?ﬁkﬂ#&ﬁg%ééﬁ?gﬁe%?ﬁ;??#ﬁ&? fo%glﬂglteg@ar wel {

such as pol yi sobutene w e can'u venti onal

pol yi sobut ene, s0r hi gh net.hyl.,vi.nyl i dene pol isé)Pgu ene in the preparation of
such pol yal k Ogﬁagkysl%ngé%cﬂ%c é?m)‘;ﬁﬁ? EPéEPOH‘?ﬁé’- ot YM@W@“%%?&?@?’%%NH des
can be 20 prepared i,bng conventi opal chpi ques e.qg., thernal

chl orinati gn,etP nlrxj%egge,rag\é(p? écu arwe} t of flrcgm about 390 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 preparatidn of
such polyalkylene succinic anhydrides. The polyalkylene succinic anhydrides can be

20 | prepared using conventional techniques e.g,, thermal, chlorination, free radical, acid
catalyzed, or any other process in this preparation that is within the purview 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



catal yzed, or any other process in this preparation that is within the
purview of one skilled in the art. Exanples of suitable polyal kyl ene
succi nic anhydrides for use herein are thermal PlIBSA (polyisobutenyl
succi ni c anhydride) described in U S. Patent No. 11 3,361,673; chlorinated
PI BSA described in U S. Patent No. 3,172,892; a mxture of thernmal and
chlorinated PIBSA described in U S. Patent No. 3,912,764; high succinic

rati o P113SA cribe U Pat ent 5; pol yPI BSA described in
U S. Patent fagél ‘HE?‘ § Qn%eﬂlgfﬁé%é eé?SUSn% D‘iﬁ%éﬂﬂ@ 2; s Of y Pl BSA
described in U S, Patent 5 Nos. 5,565,528 and 5, 616, 668; free radical PlIBSA
descri bed in thermal pad ehleringtsd PIBSA Zeeripedin §.S3Rgem 2. 3,942.564 TghogueinPERSA
made from hi gh nethyl vi nyl i dene pol ybut ene described in U S. Patent Nos.
4,152,499, 5,187 POBA dendribedlis 1.8 30itenh Nghd, 231435, polyPIBRA GesBHiREAn thilePatanom
hi gh net hyl vi nyl i dene pol ybut ene described in European Patent Application

Publ i cati on Ndos. ER13567 &263,17%2350 |hygheducAmBodicdes yRIBEadieidibed ilJUS, PReheNt
No. 5,792,729, sulfonic acid PIBSA described in U S. Patent No. 5,777,025

and Eur opean Red. §/365520idC56 10663000 taarhi IIBSNQesdE D@ 42U, Pentish, pur i fied
PI BSA described in U S. Patent No. 5,523,417 and Eur opean Pat ent

Appl i cation %799358?9‘0?@md@362@%48ﬁ%§&19§de%6ﬁﬁ%§%%% fladb these

ref erences bei'ng i ncorporated  hefei reference Itrogen

ore not 1 el Bacbedil g @‘éﬂ?@%f‘%ﬁ?@b@ D S gy, O
di - et al | t f. t f by th t
of 5 pol yar kynefe sSTRRA i v ek SRy ﬂf%??é@ybhﬁén%eeﬁ%?@ 46 i var ves.
Car bon at orrs) upF: Riserd REPlaHtbm i dbictise NonBP ash B3 tepolymer SIBSA Sfforioed”

10 in U.S. Patent No. 5,792,729, sulfonic acid PIBSA described in U.S. Patent No.
3,777,025 and European 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-nitrogen containing derivatives of polyalkylene succinic anhydrides include,
but are not limited to, succinic acids, Group I and/or Group II mono- or di-metal salts of
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 alkyl 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-
containing 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



20 If desired, the foregoing pol yal kyl ene succi ni c anhydri des and/ or

non-ni trogen- containing derivatives thereof can be post-treated with a

wi de variety of post-treating reagents, For exanple, the foregoing

pol yal kyl ene succi ni c anhydride and/or derivatives thereof can be reacted
with a cyclic carbonate under conditions sufficient to cause 12 reaction of
the cyclic carbonates with a hydroxyl group The reaction is ordinarily
conduct ed at tenper tures. ra gln out. 0' C to about 250'.C, preferably
from about  TEERIERCH teaBlc Foer eéWéF ar%a'le%vpabﬂv IFCHAR AR5t C t o
about 1800C. The reaction may be conducted neat, wherein both the

pol yal kyl.ene eneuqted & terspespikiza rangingdronh douh PG OPEALISALGi pefargblidramy sbduge of
a pol yal kyl ene succinic anhydride dispersant and the cyclic carbonate are
conbi ned i n t HE°Griopant 28°CondeidshprefesdblynEommabout SOMe to ghoesHIPCof a cat al yst
(e.g., an acidic, basic or Lewis acid catalyst). Exanples of suitable
cat al ysts i ncl ude, THeutactive nfagthe komduced nbat, winiea pbrthe peigalldylednduosinic
trifluoride, alkyl or aryl sulfonic acid, alkali or alkaline carbonate.

The same sPl Vahk8rid orciohHefesn @@tﬁiﬁﬁ@ﬁbﬁ@iﬂwé@f@P&lygkyuaﬁdkuﬁ:&ﬁﬁ%h drfet he
preparing the polyal kyl ene succinic anhydride nmay also be used 1in the

cyclic carbo ntﬁ&;?créﬁﬁﬁe{ndttﬁ@@fcﬁg Birbonaft eﬁ%éﬂlﬁiﬁé@i’iﬂ the PopdrGhtic: @1tﬁéf% dn% oﬁﬂf fgnat e

for use herein’s 1, 3-di oXol an-2-one (et hyl ene car bonat e) asi c

oresent i nvertron %%taﬁﬁﬁféﬁ : a%ls‘?%%ﬁﬁ? él‘ofééﬂi‘é@ A %*%ﬂﬁ%fs#%ﬁl&s& test
D2896. tr
el eoted fron et GHBIE Sumerec i R dp SmtatPry %%@%@?&pt@%%ﬁ%eﬁ?@ﬁ?” "

K/glr,lglo)éﬁl Ibgs Z(S:sl ?fﬁ’ﬁ]ﬁg Oq,l]éagzr?rr Xarbonate %asgllner:] goslven@/ gr l%grit?gsn de@ I?J/e m nes.
10 above with respect to the preparing the polyalkylene succinic anhydride may also be used
in the cyclic carbonate post-treatment.
A particularly 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 described below
(keeping in mind the reservation that each must have at least one basic nitrogen). Any of
the nitrogen-containing compositions may be post-treated with, e.g., boron, using

procedures well known in the art so long as the compositions continue to contain basic
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t Mophosphor am des, phosphonam des, dispersant viscosity index inprovers,
and 20 m xtures thereof. These basic nitrogen-containing conpounds are
descri bed below (keeping in mnd the reservation that each nust have at

| east one basic nitrogen). Any of the nitrogen-containing conpositions may
be post-treated with, e.g., -boron, using procedures well known in the art
so long as the conpositions continue to contain basic 13 nitrogen. These

post-treatnents are Qarticularly applicable to succinimdes, and nni.ch
base conpositP%ﬁggLT S%ﬂ?@hﬁﬁﬁ%ﬁﬁgg e %ﬁ%§ﬁ@5?h%ﬁ?ﬂﬁ@“¥ﬂ§?s B@uaged
to prepare thg col |l oi dal suspension of the present invention are disclosed
i n nunerous rBFECYRERYINSI are well 5 known in the art. Certain fundanental
types of succinimdes and the related materials enconpassed by the term of
art "succini m de" Bresupgivigitesiagd poSsucemimidrpbat @n bt 95666 prepareltie cdBidal and
3,272,746, the contents of which are incorporated by reference herein. The
t erm "succi ni sisgetsionaf thegeesstiondentinn tieelistoked in nunetand eefamnyes ahd tkkevdim de,
iniide, and amdine species which may also be fornmed. The predoni nant
product, howekerwn inshesarfl OCataaciunildamahes] aids bisuscihiefitishag theehtganacmls ¥
accepted as neaning the product of a reaction of an al kenyl substituted

succi ni ¢ aci deiRbmPhRydiby Bhe toMr dF aft "BidecnPARIE* &0 MBh{HnNAS, ERAMMOLUBY 10 BE&f erred
succi ni m des, because of their commercial availability, are those

succi ni m des prepggRdnd ﬁ,97@,%@%%9%@!&1@%5%1&%}%%%9%g?%fere%e?éiﬂ. t he

hydrocarbyl group ¢ontains from about 24 to a on atons, and an

ethyl ene am Bhe & - ?sel{lﬁnﬁ_%gé"l i?ggde"%s%oraelgtbe?a:rg t? H%%@cﬁeéﬁ%g{o& é@?ﬁhﬁ’éi,%g,til%&eg E?I(ljd by

et hyl ene di ani ne, I'ene Triamhne,
tetraet hyl ene _pent am ne, .and hi ghe | ecul. ar i ght polyethyl ene, am nes.
Particularly adg’gf'“&s?%célesa Bach mpy S%E%g‘opﬁi“ﬁi B‘&&f%&ﬁﬁ%ﬂégrqdﬁ%ﬁ%%wﬁé%ut enyl

10 succinimide and this term has been generally accepted as meaning the product of a

reaction of an alkenyl substituted succinic acid or anhydride with a nitrogen-containing
compound. Preferred 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,
triethylene tetramine, tetrasthylene 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 ﬁzixture is about 205 Daltons. |
Also included 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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succinic anhydride of 70 to 128 carbon atons and tetraethyl ene pentam ne or
hi gher nol ecul ar wei ght pol yet hyl ene am nes or m xtures of polyethyl ene
am nes such that the 20 average nol ecul ar wei ght of the m xture is about
205 Daltons. Also included within the term"succinimde" are the
co-oligoners of a hydrocarbyl succinic acid or anhydride and a

pol ysecondary am ne containing at |east one tertiary amno nitrogen in
addition to t or nore gecondary am no 8roups. Odinarily, 14 this

conposi ti on h&ds 9EREEAN hassisbveshd 30 20980800 psrage menlesslar serahi 4rypical

typi cal conpound woul d be that prepared by reacting olyjsobuteqyl succinic
anhydri de andcorenaupd siealddiepha) prepaicddy redctisgpilyisebutenyesucoinispahydyide and
succi ni m des and pol ysucci ni m des can be post-treated 5 with a w de

vari ety of poshylenedipipagzineagents, e.g., with a cyclic carbonate. The
resulting post-treated product has one or nore nitrogens of the pol yam no
nmoi ety substi t ut edif'dedited, the Forelfodngysubyitihddarday lpolyxyethicley tan 12 Jayic@xed

pol y(oxyal kyl ene) oxycarbonyl, a hydroxyal kyl ene,

hydr oxyal ky| enpehidowrtyor Raeteatif rédherkdl 8., Whrestlic JiBoriC IThe r&alhgnat e
post-treatnment is ordinarily conducted under conditions 10 sufficient to

cause react i OphsRiredtBproidt hifs SR AR ﬁg&%%dg of ﬁféﬁ)ia Fn¥n 'Ci'égz dﬁﬂgt&i’c&%d Qhimt he

pol yam no substituents. The reaction i nari conduct

ermer 14t o, £a0 O IR B AR X RO O B 2500, o
e U e B B0 ARG R ATl RSB O

tC ﬁ;al yst (such as ﬁlré c?fgllicdéagﬁongt%sﬁo(s:t-t?eratllﬁeen\!tmissorgi(fllar?ly%gégc%%ltu)n&ergggc%gg;lsng on

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 reaction 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 suitable 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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viscosity of the reactants, it may be desirable to conduct the reaction
using an inert organic solvent or diluent, e.g., toluene or xylene.
Exanpl es of suitable catalysts include phosphoric acid, boron trifluoride,
al kyl or aryl sulfonic acid, and alkali or alkaline earth 20 carbonate. A
particularly preferred cyclic carbonate is 1, 3-di oxol an-2-one (ethyl ene
carbonate) because it affords excellent results and al so because it is

readily avail able .. co rcially. 15 The nolar charge of cyclic carbonate
enpl oyed in the po'glie-rilﬁe@ra{hﬁﬁg?to)f%é@t%@ﬁn?tg employsindhy poshHsameniFsrrtioRds
theoretical nunber of basic nitrogen atons contained in the polyanno
substi t ut ent Heferably kased ippnitheideorptiend numpesiof beric witjogsratens carainetindet hyl ene
pentamine is reacted with two equival ents of succinic anhydride, the

resul ti ng bi sp@yanse subistifuttat of the suchimimide This, whemeneaignivialentef tbiassithoylenict r ogen
atons. Accordingly, a nolar charge ratio of 2 would require that two nol es
of cyclic carfmniratiee becatidedtif ton cgqaivhlent as hwcinic anbgdritle, tie résnitingitss-case 6
nol es .of cyclic carbonate for each nole equival ent of succininide. Mle

ratios of 3 hesueytinige %a1 DosefiRIyoithia tﬂ@@b@simﬁa%enrhitdxﬁsoq&&o?di 1 ydhe@t |y
in the range of fromabout 1:1 to about 4:1; preferably fromabout 2:1 to

about 3: 1. 1G:hhAR rAtd) SIOKEAA PUREL mam'va)exﬁoﬁggi’ liy SHESaR B8 L2884 £- e u\(/ZIV: ?ﬁ

the post-treate conpositions described above, can also be reacte

boric acid orya.skmlar fop t di-sper.sant.s.
addi 1 on to B Eaeor el Lesd PEBRR bl Btk B BRI AR
oxi des, boron,_hal. des ester.s of boric acid nerally, fromabout 0.1
equi val ent t 0 aBou ge;i @ﬁ%irgﬁs rﬁ?heoqﬁ”clbco‘?‘a&??n_ @%8@%51@@@{13&@513&%%%%11%
basic nitr Ogelrnl 1:1?(3%::1121 edorf%%'ll ablo?lt {:??0 gbooql? Sli ége%?eﬁ)ly? Eroztnglbcs)utbr:]i/teonz}blogtn?;:{r.ay be

In
e boron

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 suitable
boron compounds include boron oxides, boron halides and esters of boric acid.

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

15 equivalent of basic nitrogen or hydroxyl in the compositions of this invention may be
employed.

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 herein. These compounds are ordinarily prepared by reacting a qarboxylic 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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enpl oyed. Carboxylic acid am de conpounds are al so useful

ni trogen-contai ni ng conpounds for preparing the colloidal suspensions of
this invention. Typical of such conpounds are those disclosed in U S

Pat ent No. 3, 405, 064, the contents of which are incorporated by 20 reference
herei n. These conpounds are ordinarily prepared by reacting a carboxylic
acid or anhydride or ester thereof, having at |east 12 to about 350

al i phatic carb atonms in the rinci pal  aliphatic c¢chain and, if desired,
havi ng suffi ofl NGERRSAP B i‘EpBE’S‘H Qxoflig acid Hrpferrag ps diase aprides
soluble with an am ne or_ a hydrgcarbyl polyam ne, such as an 16 et hyl ene
amne, to gi vireRArERiBMAL) Hearbaxyhpasigpf the il CROH pridre Rf isdlCasealithose

am des prepared from (1) a carboxylic acid of the fornula R2COOH, where R2
is Cl2-20 al kipixtye ofthisosd witk a pblyishbeferd catbowyttie agidpo Whichahepapigbbutanyboxyl i ¢
acid in which the polyi sobutenyl group contains from72 to 128 carbon
atons and (2)ganp edritgihefiendRitnéls esmacitahd 3nd52) 4an ehfiylcamtnt, ebfefuige or
tetraet hyl ene pentam ne or m xtures thereof. Another class of useful

ni t r ogen- cont iziethiylege cnapineddsetaktyliyepataniy br mixnireagagones and hydrocar byl
pol yam nes, preferably of the type disclosed in U S. Patent No. 3,574,576,
the contents of WhisdihéticRsd SGREROAIRLEG-QMidEhEESATRMELE hYdrod By

hydr ocar byl group, which is preferably al kyl, or "ol efinic”having one or two
sites of 10 W@ §?ﬁ§ ' f. from
20 to 200 ca%géﬁhatonégahggéﬁﬁ%ﬂ¥g yI%% 2%%gﬁkﬁ§§$8%§$%§&kg8?93%?%@8{are
those which B\ 3dﬁ4'5\7%,dﬁle (30 erts (pnyhJE e%%fhﬁcngjo?a?ﬁ” Zr,% egéngg?ﬂlergf%hl (1de and a

pol yal kyl ene deYanine, such as an e el ; _ ne di am ne,
RETERG TN AT RN B LR G £l
| 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, e.g., cthylene diamine, diethylene triamine, tetracthylene pentamine,
2-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 Cyq alkylphenol, an
aldehyde, such as formaldehyde or formaldehyde precursor such as paraformaldehyde,
and an amine compound. The amine may be a mono or polyamine and typical
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 Cgo.100 alkylphenol.

Typical Mannich 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



15 Yet another class of useful nitrogen-containing conpounds are the
Manni ch base conpounds. These conpounds are prepared froma phenol or
C9_200 al kyl phenol, an al dehyde, such as formal dehyde or formal dehyde
precursor such as parafornml dehyde, and an am ne conpound. The am ne may
be a nono or polyam ne and typical conpounds are prepared from an

al kyl am ne, such as nethyl am ne or an ethylene am ne, 20 such as,

di ethylene triamne, qQr tetraethyl ene pentamne, and the like. The phenolic
material may BEORGRRYZelrearuheriar dhSiialent No dbeidapd shiskses Mennickoyoes 00

al kyl phenol .  Typi cal Mannich bases which can be used in this invention are
di scl osed i n preparedhy eaetingasslkyipiesd lesR e 2Bleaxt §0 2adon ato8B8prefepablngd to 200
4,157,309, the contents of which are 17 incorporated by reference herein.

U S. Patent Nearb@) 8695 868 fairmtdebgdesantiian nlkylenb asleaminpg FRN(ANTH), Hywhesaktis ag an
al kyl phenol having at |east 50 carbon atons, preferably 50 to 200 carbon
atoms W th fosamebeé divdRnedlklyl apd@bicpbeat? pad dsonteondNRANH: NH oW ehets the a
saturated dival ent al kyl hydrocarbon of 2 to 6 carbon atons and nis 1 -10

and wher e § hecdndeRREANHBYIRBf REOHKACLe myra%ahéimai( kY hiigr IQQété(@MtH%re_qg% be

further reacted with urea or thiourea. The utility of these Mnni bases

! th urea or thiourea. fhe utiity of these Nannich bases
S omi 11 cant 1 y ot e Rl BRRE Nahich Ui APt B BhlerBE e UBRORTY Onel

significantly I nprove y“treati

t echni ques t o} on.into the ¢ und. Still t anaot.her. .cl ass of
et ul it ogubRbsRAaRAARTALal B b GeSAIREY Hhorokid b etie AR R oS
phosphonam des .such aﬁ. ta%s“\%ﬁdi sclosed in U.S, Patent Nos. 3,909,430 and
3,968, 157, t K& EHEEHHONE RS QAUrqdHeHPPeR WeGesopatdr ence herei n.
These conpounds ngﬁ,be pr epar ed gy foing a phosphorus conpound havi ng at

| east one P--N botfHl Yeraaihe slospel yselapriftegen-sostaining prsneoungy are dect i ng

phosphorus_oxychl ori de
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 oxychloride
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 to 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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wi th a hydrocarbyl diol in the presence of a nonoam ne or by reacting
phosphorus 15 oxychloride with a difunctional secondary am ne and a
nono-functi onal am ne. Thi ophosphoram des can be prepared by reacting an
unsat ur at ed hydrocarbon conmpound containing from2 to 450 or nore carbon
atons, such as pol yet hyl ene, polyi sobutyl ene, pol ypr opyl ene, ethyl ene,

1- hexene, 1, 3-hexadierie, isobutylene, 4-nethyl-I|-pentene, and the I|ike,
wi t h phosphorus pentasul fide_ and_a_ nitrogen-containing conpound as_defi ned
20 above, parti cul an9therginsgpiysehiniogenseqnfaiping sompounds jogludes Yaasercalted or an
al kyl eneam ne, such as ethylene diam ne, diethylenetriam ne,

tri et hyl enet edisparsankviscosiby index igprevespeftimmtavers). ahese Né ihprowsrs 28 campndndy

cl ass of useful nitrogen-containing conpounds includes the so-called

di spersant vipepsed iy fundigonalinpg e wgdecdrivin palpney espsdiallyThpsgmed darivpd froer s ar e
commonly prepared by functionalizing a hydrocarbon polyner, especially a
pol ymer der i vellylemeoamd/ce ploplyiene, optidhadly cphiafyd pefdditioagtundnadrived RNt &dtirng
additional units derived fromone or 5 nore co-nononers such as alicyclic
or aliphatjc pbefdontomdl flcBhE Afoyclh& alibpiktdanabt ddldfan TRy be carried
out by a variety of processes which introduce a reactive site or sites

whi ch usual | quﬁétfon@fizalti%ﬁtﬁ{ag%@ CaPrbd gﬁlﬂaﬁl \gg’agi‘gg’[]brf%;%eﬁ% YRR intd8cPLl N IR 1S

then contacted wth a nitrodgen-contai e to I ntroduce
ni trogen-contgi.nj f ' r . monl y
used ni trogen S %? %eess\%?%ﬁs&g@ h%ﬁ?géﬁé Oggg%%%%?@%%%%e ?%@ﬁggh%%%%%?fa‘ﬂ y
t hose nitrogen-containi ng conpounds_and conpositions .described herein.
Preferred ni ttg%%%ttas%%r ! ag@g%—maémgg SRS Intgqdupe DTOSLr4RIANIRE ani nes,
al kyl am nes, _ and nni ch btﬁses. THE DETERGENT . .
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 are not limited to, phenates
(high overbased or low overbased), high overbased phenate stearates, phenolates,
salicylates, 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 overba.sed metal sulfonates and neutral metal sulfonates are well known

in the art,
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15 If desired, a detergent can also be added to the coll oidal suspension of
the present invention. Suitable detergents for use herein include, but are
not limted to, phenates (high overbased or |ow overbased), high overbased
phenat e stearates, phenol ates, salicylates, phosphonates,

t hi ophosphonates, ionic surfactants and sulfonates and the like wth

sul fonates being preferred and with | ow overbased netal sulfonates and

neutral 20 nmetal syl fonates bei ng nost eferred. Low overbased net al

sul f onat es t ypi calf@ﬁlﬂ‘g\%’e aS@ﬁc?EgFutfﬁz%Pai&‘Hg’éﬁte(d‘?@F%mb‘Fqu?fﬁ]i’léflﬁdﬂl‘f’ 0to
about 30 and preferably from about 10 to about 25. Low overbased net al

sul f onat es an@veseased en nepselaikad ar plkakineearthmeetalsplf ofanladiocaryl sWlfoniracid 19 The
| ow overbased or neutral nmetal sulfonate detergent is preferably a | ow
over based or reving fadmabdud(if toaboat XA darmnedornd Trettadn Sudtal soffomtdlyad meadar by |
sulfonic acid having fromabout 15 to about 200 carbon atons. The term

“metal sul f onadrelh isstandeito eheormpans dtdedshihe saladituf@RcaiBRakaval frbmgeirolke
salts of sulfonic acids derived from petroleum5 products. Such acids are

vel I knowns i nprolig:tarSuchReids ave wadt 19btkainn8d akYand b&I bEXAMR Ly, [BrfeRatbRY
petrol eum products with sulfuric acid or sulfur trioxide. The aci ds

obtained 't hegghing Bk BR:R SiBRbAEHN SUUIANGRE! #5 ARE ddiineal S as

petrol eum sul f ona t of the petroleum product which becone

sul fonated ¢ Oﬁlltal%rrglélﬁa?? Qx'chv{n:‘%l p"ém)lle. gsﬁg%lap%(%asoz&%rt{? 14 ra%) ﬁ%ol#rrisﬁ.}l{otggg%

meani ng of "neta ona 'S in enconpass

sul foni c aci of nt hetic al al kenyl a | kyl aryl conpounds. These
acids also S%Stpof%ﬂegafew WP@Q Whﬁk?ﬁcoﬁwﬂgn%?{ {Am %q O’Qf%&ﬂﬁ%l
conmpound with sulfuyric acid.  or sulfur trioxide with at |east one alkyl
subst i t uent OFYHFIETOIREIOUP; MYshdherTpcarng ofi Mmeebpuionte? isHgterded ip encPpEsels
obt ai ned t herefrom are known as al kyl sul fonic acids, :

10 salts of sulfonic acids of synthetic alkyl, alkenyl and alkyl aryl compounds. 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, alkenyt
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 IA. or Group IIA metal compounds (CAS version of the Periodic
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al kenyl sulfonic acids or alkyl aryl sulfonic acids and the salts as al kyl
sul fonates, al kenyl 15 sulfonates or al kyl aryl sulfonates. The acids
obtai ned by sulfonation are converted to netal salts by neutralization
with one or nore basic reacting alkali or alkaline earth netal conpounds to
yield Goup 1A or Goup Il Anetal sulfonates. Cenerally, the acids are
neutralized with an alkali metal base. Al kaline earth netal salts are-
obtained fromthe alkali netal salt by 20 nmetathesis. Aternatively, the
sul foni ¢ aci d5atasf e Eleasnisal Theddrogp Jgémqtg}s of theymstal egrredung dnclestgrailielinet al
base. If desired, the sulfonates can then be overbased to produce the | ow
over based net mktalsué.g.osliwm, phtessimes hithivzo nfieuGdsp ldemethlsiof theaketalhashimclndsi ¢
netal salts are generally any G oup IA or Goup Il A netal compounds (CAS
versi on of t hihe Bimiimdéacth 2etalabich, fof eddnepldheppeia, calthen, Gatup, ¢t Pefabidy of
the netal conmpound include alkali netals, e.g., sodium potassiumlithium

The G oup || Aheeictdl Sor@pounddoriet AbreRAs Balbifl, UHhe mdid1@odbidids BR Rakhbdlymet al s
such, for exanple, magnesium calcium barium etc. Preferably theé netal

conpound fOr y3ReRgheidtal SIS ATEL MRdnid P&iBEbAhe SAMDAWRASIRLS, Bk@bnarily 5
delivered as netal salts. The anionic portion of the salt Tan be hydroxyl,

oxi de, car bo&%&atebpd'rg%enﬁr%tertéte, etc. The sulfonic acids useful in
maki ng the | ow overbased or neutral salts include the sulfonic and

t hi osul fonic acid al |, .are.salts of sulfonic acids. .T

sulfonic acids isl;lhcelcéﬁggr,hg? éc%éris 'Eesgg%‘br! Iélj%c'f‘%éwﬁ%‘ﬁtgyerg?segﬁ ?f‘??%@' @F W?@ﬁé]i‘? c or
727! T Poct SRS TREIRe S0 vl Y 6 oth BBUTRSE S0 SR SNY B
--(SM) b, wher eiif{;'T ‘Ie%ng? cyclic nucleus such as, for, exanple, benzene,

napht hal ene, 2HISHRA T expple e WPNe % RpiyBuclenr groamjic o eycloaliphatic

10 compounds. The oil-soluble sulfonates can be represented for the most part by one of the
following formulae: R; --T--(803), and R; --(SO3)y, wherein T is a cyclic nucleus such
as, for example, benzene, naphthalene, anthracene, diphenyléne oxide, diphenylene
sulfide, petroleum naphthenes, etc.; R, is an aliphatic group such as alkyl, alkenyl,
alkoxy, alkoxyalkyl, etc.; (Ro)+T contains a total of at least about 15 carbon atoms; and

15 .R3 is an aliphatic hydrocarbyl group containing at least about 15 carbon atoms.

Examples of R3 are alkyl, alkenyl, alkoxyalkyl, carboalkoxyalkyl, etc. Specific examples
of R3 are groups derived from petrolatum, saturated and unsaturated paraffin wax, and the
above-described polyalkenes. The groups T, R;, and Rj; 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. In the above Formulae, a and b are at least 1. In one embodiment, the
sulfonic acids have a substituent (R, or Ry) which is derived from one of the

above-described polyalkenes.
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sul fide, petroleumnaplithenes, etc.; R2 is an aliphatic group such as

al kyl, al kenyl, al koxy, al koxyal kyl, etc.; (R 2)+T contains a total of at

| east about 15 carbon atonms; and 15 R3 is an aliphatic hydrocarbyl group
containing at |east about 15 carbon atons. Exanples of R3 are al kyl,

al kenyl , al koxyal kyl, carboal koxyal kyl, etc. Specific exanples of R3 are
groups derived frompetrolatum saturated and unsaturated paraffin wax, and

the above-d b | k Th d R3 in the_ ab
Formul ac. can_ ai o TESHISY AXRHER TR GUALE BICr e BT AR

addition to those enunerated above 20 such as, for exanple, hydroxy,

mer capt o, hal BeRbHaleRe pylfpnicacidiododssylbenzene sulfpnic geids, diflogdeqyihenacnesulfonie n t he
above Fornul ae, a and b are at |east 1. In one enbodinent, the sulfonic
aci ds have a atidss dinpudbenzeroytoms peidhicetyldhiprohsnzane dulfarieracidse didfurylhe
above-descri bed pol yal kenes. 21 Illustrative exanples of these sulfonic
aci ds i ncl udebstengsittetsanylforsainsds, thetseldonic acidpérivedbgtie: tsaatthaniof pelghutene
dodecyl benzene sul funic acids, didodecyl benzene sul fonic acids,

di nonyl benzenkaving £ aumhter aeirsif, meledwiraiight UENE Encrassd JaPb 330 Itcdgoouﬁisdo@ur yl
bet a- napht hal ene sul fonic acids, the sulfonic acid derived by the treatnent

of pol ybut enelgrefe'i;abljhﬁdbhf‘g)ﬁo@HWQUO@Y}?E@@@ 1500 RN RS WRFGM acfdW . ) T n the
range of abo 350 to about 5000 preferabl y about 800 to about 2000, or

about 1500 w ﬁlﬁ'o!fiﬁ;hﬂfaféﬁyk RS ac;?IOFE f{ﬁ'&aﬁpﬁ?f%ﬁ% *Aa ?}(1%% c&%ﬂfgﬁe Aeslsic

paraffin wax sulfonic acid, cet cl opent ane,
O NS 90 R e
orererably sbpuh 1500l SRRl LS S o gL e a1
at | east laObouNognallg I’tﬁae]c aelllbﬁglcygrg&pslvﬁﬁ%g aljl-él gn%/&r%lk%gﬁugrofpg guch 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. 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 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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carbon atons, preferably about 250. Al so useful are polyisobutene

sul fonates, e.g, those disclosed in U S. Patent No. 6,410,49 1, the
contents of which are incorporated by reference herein. 15 Another group
of sulfonic acids are nono-, di- , and tri-al kyl ated benzene and
napht hal ene (i ncl udi ng hydrogenated forns thereof sulfonic acids.
IllTustrative of synthetically prod-aced al kyl at ed benzene and napht hal ene
sul fonic acids are those containing al kyl substituents having from about 8
to about 30 c‘ilrlﬁgﬁld&}@%?thﬁr%ﬂfémﬁlﬁm , ditsp@anylbepzeng selfwin 23D car bon at ons,
and advant ageously about 24 carbon atons. Such 20 acids include

di - i sododecy| ¢idagostadessieneamic suldwiielzci stephinaphtblensipifontcucid asdihe iké.c aci d,
pol ypr opyl enyl -substituted sul fonic acids derived from pol ypropene having
an M of from abdifecifio @x4roplabafidil-©00le aubfdnipraefde e@hahofarpreuiiboivtacidf0 t o
about 700, ‘cetylchlorobenzene sulfonic acid, di-cetylnaphthal ene sulfonic

aci d, 22 di - |aighy btdélphigfoyicetider susfuhit aciilc dabied fro Ihsx@dmﬁ% by @ageiie hewihg eni ¢
acid, di-isooetadecyl benzene sul fonic acid, stearyl naphthal ene sulfonic

aci d, and g hesdyble visSRagibhtaR%AIN0 8ol a0i°18 Qb HRJue 260/t OMtsGr afdeds are
mahogany sul fonic acids; bright stock sul fonic acids; sulfonic acids

deri ved ffom;&éﬁlarahﬁﬁlkﬁlﬂ%(i)cpdckdsf fBfs -iaﬂﬁfﬁ%l : Aﬂ&b&iraédggmggé %d\éo?}%glg%ﬁié( from

about 100 seconds at 1 F. to about 0 seconds rol atum

sl font ! Sy, ook UGS B S ol B
G 110, e B SRR S SO S BE SR AL PR BT oR
T karyl sul { GAP bR biEs G chiaed gt bErme AR o BH pplhoids, disu bdis
10 naphthyl sulfonic acids, and alkaryl sulfonic acids such as dodecyl benzene "bottoms"
sulfonic acids.
Dodecyl benzene "bottoms” sulfonic 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
sulfonic acid, e.g., those obtained by sulfonating various hydrocarbon fractions such as
1ubricating oil fraction and extracts rich in aromatics which are obtained by extracting a
hydrocarbon il 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.
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sul fonic acids. Dodecyl benzene "bottons" sulfonic acids are the material
| eftover after the renoval of dodecyl benzene sulfortic acids that are
used for househol d detergents. These naterials are generally al kyl ated
wi th higher oligoners. The bottons may be 15 straight-chain or
branched-chain al kyl ates with a straight-chain dial kylate preferred.
Particularly preferred based on their wide availability are salts of the

petrol eum sulfonl tai sul fonati ng_.varjous

hydr ocar bon fractr Pfﬂz:cﬁﬁélgph?fglﬁ%fﬁag%fqrﬁﬁenlﬂﬁ‘?l a?glﬁl%f‘ﬁ‘%fﬂﬁl%@i(flﬂ %% rich
in aromatics whj ch ;ﬁ ?y extracting a hydrocarbon oil with a

sel ective sol&f XIF ¢al Rrgpdicpls 06@%@5533%@%6@?@9@@%%&ore
sul fonati on by reactl ng them with olefins or al kyl chlorides by neans of an
al kyl ati on catreferably fresp ghowt 8 tpalvays &1 eashircatoms.ddnethertprefsrrgrbgreumef shilfoudte oni c
acid which may or may not be al kylated; and the Iike. 23 O her

particul arly startfgmaierals atette fliphatisaubltimted nyelioessubfbidy heitieth velrichrikiatiplsatic f oni ¢
acids in which the alkyl radical or radicals contain at |east about 6

car bon at dns sahslitugut ef @bsthihentd sonmired @udl oBattleasabbetrbatiateras BRR agtfons. Anot her
preferred group of sulforiate starting naterials are the

al i phat i c- subshinble} ARyIGYAsiiorss hdigy) bnzyladammlpmw@mmlé ReisahbRgLic S

substituent or substituents contain a total of at |east 12 carbon atons

such as, for heRXAPBliEsuldhithkid@ayd ali fﬁFL:lé é?l'i‘fofi\fc%ﬁdgﬁ'r W, dﬁﬂgﬂa&}ﬂﬁ%&qﬁ&gﬁ apic

sul fonic acids, the al kyl heteroc c sulfonic aci

sul foni ¢ aci dgif Wik Afla 118 & 1@9&@&‘8&68&9&8&58%@# g, 618 oFPALALN Rkt 2

of at | east car ecifrc exa “hEEEPE P
sul foni c, aci d i.ncl.

| f d
petrol at um 1(§ Oy 8?* mgilg?%ig’u ?‘FSHS Hﬁ‘ﬁ%lngﬂrtcﬁeeg‘ fﬁ}ﬂ‘ gﬁtﬁ%‘f" et F@ggﬂ]ﬁ%ﬁ{ (rzra?glnes

sul fonic %cr substituted
squomc ac1ds; mono- and poly-wax-substituted naphthalene sulfonic acids; subsntuted

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 pol&-waxnsubstimted
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 ITA 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.
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sul fonic acids such as cetyl benzene sulfonic acids, cetyl phenyl sulfonic
acids and the like; aliphatic sulfonic acids such as paraffin wax sulfonic
aci ds, hydroxy-substitated paraffin wax sulfonic acids and the |ike;
cycloal i phatic sulfonic acids; petroleum naphthal ene sulfonic acids;

cycl opentyl sulfonic acid; nono- and pol y-wax-substituted 15 cycl ohexyl
sulfonic acids and the |ike. The expression "petroleum sul fonic acids" as

used herein shall _bi-, understood to cover all sulfonic acids that are
derived directly fibgasidisansienabusadsp aenoapish thy forawfiompbilip overpesed metal salt
sul fonates suitable for use herein include, but are not |limted to, the

met al sul f on@eede alavigistdh asdfos sxanais, Somnic ecid.cicetin askd, nitrio adid raudneci®0

sul fonate, bariumwhite oil benzene sul fonate, cal cium dipropyl ene benzene
sul fonate, Ie&, iouan Gbypanip ytidivendiensd emd aspfof exsaipds, HE] S04 1805009 &HY, etc,
petrol eum sul fonate, barium nahogany petrol eum sul fonate, cal cium

triacontyl suliftoD@} Bsingpeftiied) Thelinburt uf dddiahRiteriabadell dBPpdndéinydonibdpenat e,
and the like. 24 The acidic material used to acconplish the formation of

t he over bgsedpbRitrldesitddtbasi6iBofiBe prokiidlyh Hustt&arSalsolPon WAIRI St of R C
acid, acetic acid, nitric acid, sulftuic acid, etc, or an inorganic acidic

material suchydg.co gﬁuﬁ%ﬂ%ﬁ:d wWiidn w0y @??trgrl%untﬁ%ﬁgnpa:orﬁgt 1 10Utk ()2

bei ng preferred. The anmount "of acidic nat -use S In sone

respects S URANS MATUIRE DISLERLY o b S ALAIN o B SESEE 900 8B 21 50

upon the anmount of “basic é%npoun vary (i n total
o) O ks A, B L4t AR AR a2 L B2GH, one
SRR T SR b S
amount s Ilr(]} 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 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 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 Isopar® 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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10 excess of what is required to convert the acid quantitatively to the
netal salt) base. The acidic naterial enployed during this step is used to
react with the excess basic nmetal conpound which nmay be al ready present or
whi ch can be added during this step. The reaction nediumused to prepare
the | ow overbased netal sulfonate or neutral netal sulfonate is typically
an inert solvent, Suitable inert solvents that can be enployed 15 herein

i nclude oils, or 0s nlc i e readi | | m sciple with
ot and the T RUNHEE SR B RR e bR RSB inotioR Bichiogh Sttt e k! o
oils such as exanple, parrafinic oils having boiling points higher

t han about 1ﬂ@eg&°Cbnnercially available oils of this type known to one
skilled in the art include, e.g., those available fromsuch sources as
Exxon under the | Jépesired a-ptemaiepean aisoche empleyisd ingmeparingdhmlowgvertpsadsngiak  H,
and | sopaio V, and the Telura tradenane, e.g., Telura 407, and Cronpton

Cor por at i on asydfonzib breneatralcartakuifonate) A.prtsmtbraib hehmigairmmlmﬂ veficdititatleude
unsubstituted or substituted aromatic hydrocarbons, othoxylated |ong chain
al cohol s, %. gincorptragen ofahdtabiydoahebhsit! maklaompbsbmsgAtiong cheahomicaRGisefal &so0n
atonms, and m xtures thereof. Useful 25 unsubstituted or substituted

aromati ¢ hydrgembhense, Bicdxaehgldivater, bhasdhigehy@okidaapidan R0 of Ltp® sddses | f

desired, a pronoter can al so be enployed in preparing the | ow overbased

metal  sul for@%nca@oﬂaseﬁiuq@imlmh&imosm& ?ﬁ?%@tﬂoﬁe o '?ﬁhtteﬁ%ofnﬁlﬁ Qgéﬂtgéich
enpl oyed to facilitaté the 5 incorporation of metal into t basi c net al

conposi ti ons., mﬂﬁﬂ‘%rﬁtggﬁ éﬁ;zﬁﬁ@ S DS B RE ST S ny bR

wat er, ammoni u ofganl Cc acl car at ons,
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hydr oxi del’O 803%' carrgon atoms. Examples of the alcohols include methanol, ethanol, isopropanol,
dodecanol, behenyl alcohol, ethylene glycol, monomethylether of ethylene glycol,
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 suifonate 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.
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hydr oxi de and pot assi um hydroxi de, and nono- and pol yhydric al cohols of up
to about 10 30 carbon atons. Exanples of the al cohols include nethanol,

et hanol , isopropanol, dodecanol, behenyl al cohol, ethylene glycol,
nmononet hyl et her of ethyl ene glycol, hexanethylene glycol, glycerol,
pentaerythritol, benzyl al cohol, phenylethyl alcohol, am noethanol,

ci nnanyl al cohol, allyl alcohol, and the |like. Especially useful are the
nonohydri ¢ al cohol s Vi t o_abou 0 _carbon atons_ _and m xtures of
Tethanol i th 15 hi ghBOCRSsIytPREPS RN AR S eRb ety o |
ordinarily range fromabout 0% to about 25% preferably fromabout 1.5%to
about 20% and nostingne pabedimynifof Hin Messnt inverion.cheproetss fgwrerteriag thy stdhle ge.
In general, the dispersant mxture will ordinarily contain the | ow

over based netailloidglifubpansioe ob thepeastntatvenbominvslvbs mikdng uhder aigosrms wgitatioangi ng
fromabout 1 to about 20 and 20' preferably fromabout 5 to about 10

wei ght per centeactipa segtuedcontigisingtaa laqu@ugiilutivh dohRining the teregoi2OpREEESS FOR
PREPARI NG THE COLLO DAL SUSPENSI ON | n one enbodi nent of the present

i nvention,s t h@nPork®s tnd @E fRELDRT dif@rdiltCagshB MiRentCsdl dndiopbnat dsleBstton Of
the present invention involves mxing, under vigorous agitation, a

reaction m xtfpg /GARRIdufiidash A AGHRANSy HO b UG Biaebehilf: HLAGRI NY

pol ymeric .5 conpounds; and the foregofng di spersing agents, di l'uent oi

and opt | onal ﬁérﬁ%ter L@ ast tfo%licgﬁu@e me%{ag%e%gﬂéiaﬁl%ﬂsvéggoﬁ Qﬂﬂe ?Fe@éﬂt@lgve &&1 mcro
enul sion to a tenperature to'renove sufficient er so as to produce the
stabl e col |l oidal .suspensi on of. the present.invention.. |If jred, the
Foregai ng. i SarEEtor el Raebiesin ot adeRts Sihssopis! B Eisalile

S On s B D PR forthad b ersant Mxbire of each afoas car be Added, sner 2dded:

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 aﬁd an
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 stable
colloidal suspension involves at least mixing, under agitation, () an aqueous solution

20  comprising (i) one or more mMONOIMETIC compouﬁds 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, (c) a diluent oil and optionally (d) a detergent to form a micro
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10 simultaneously or sequentially. Alternatively, the dispersing agent,
diluent oil and optional detergent can be added to the aqueous sol ution as
an oil phase. A diluent oil is wused to provide a suitable viscosity such
that m xing is adequate to forma stable enulsion having an agueous phase
containing at |east the polyneric conpounds and an oil phase containing

t he di spersing agent(s), diluent oil and optionally detergent(s). 15

Sui tabl e diluents are, known.in,the art and co rcially avail abl e and

ol ude. tor et SABE e bodan it faTbhnata o Sdtbounds
containing only carbon and hydroge g#n a second enbodi nent of the present
i nvention, a tﬁE@@é“?HP¢ﬁPé%%¥#ﬁ coffo L#ispensiog|qf Giepagsertyay@tenon i nvol ves
at |east mxing, under agitation, (a) an aqueous solution 20 conprising (i)
one or nore nonomdR e %@fgﬁomwu@@tééthé@rerswémen@%ﬁme@&nsprgparmg 2of

nmol ybdenum tungsten, and vanadi um cont ai ni ng conpounds and (ii) an

ef fective anwtable coipidahsuspsngion apabiee atdbashinitieg sindpagititin) (2) pokgureus zi ng t he
one or nore conpounds, (b) one or nore dispersing agents, (c) a diluent

oi | and opt i eohitiby céreprisngiatear gent nbnorheaidoompoutdsaeRatee fiohsthe groapd t hen
heating the mcro enulsion to a tenperature to renove sufficient water so

as to prod- acendifimeSif atvbfing et AiklodndSiERRASb@Rinaly doRPoRMBS@P bnd SMASEI ON. I Nn
yet anot her enbodi ment of the present invention, a process for preparing a

stabl e col | oigilrsa1sSRERS, Ok difMp ai%d%ggbﬁ.@@t(dm dfdtdiflent WIRBH At AL | ON, (&)

an aqueous 5 Solution conprising one nmor € ‘'nononeri ¢ conpounds sel ect ed
fromthe group, 88 sitd, e BiME erdu BB AL W | L ak ni ng
conmpounds, (It%hone or nég%eeg glggﬂrlgyiang agent é,t&?%f?&greg{;%érﬂpsgﬁl eglkld

optronally (95 FE8s 8, Aol SeFB P UgBal aRofeat o the

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
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 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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water so as to produce the stable colloidal suspension of the present

i nvention. 10. In the mcroenul sion, the polyneric conpound or nononeric
nol ybdenum  tungsten, vanadi um niobium tantalurn, or uranium containing
conpounds will generally be present in the mxture in an anount ranging
fromabout 5 to about 50 wei ght percent and preferably fromabout 10 to
about 40 wei ght percent of the m xture. The dispersing agent is typically
present in an anmpunt of from ahout | to _about 25 wej ght 6 percent d 1
preferably f Afaheii0 %&ng]w??rg‘alg fipen ghowt g@r%’@lﬁ‘t f3 %@r-vﬁ?‘@weﬁsﬁgm@%im in
an anount rangi ng fromabout 20 to 60 wei ght percent, while the diluent

oi | is presertehydsatign neadsintbe cprghidly sgnitollshimprdat not ¢ destabivg therpligisialyht
percent. The detergent, if present, is enployed in an anount of from about
1 to about 1Guspehgitn. Henocdinglydhts genedllyr alyhytageonstoads deatt prtiadly debpdrste Brewei ght
percent. 20 Follow ng the formation of the, emulsion, it is particularly
advant ageous praeduct Ubelydratibabf the dallstbhate alst esstsiin silnnerivindiba tiohgbdemunm,
tenperature effective to renove sufficient water to provide a stable

col | oi dal s5suspgRehOmnadifimdgisbied tantalien,Gal hitdndih corSAlSRE REMPHurE fo Remftad t her
dehydrated to renove additional water, i.e., an amount of from28 0 to

about 20 wt. {fleaRed prIsheidinpduh@n about 5 to about 15 wt. % However,
addi ti onal e%ydra ion needs to be carefully controlled in order not to

destabilize the c ! i ingl 1] .

ad\S/ant Iag:aéus to a?j eklgdggtt%np%aﬁé ?Qﬁ@b%ﬁggggpﬁg %BF‘!S tﬂ%@%@ﬁg ?t%pn of
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10 changes from turbid fo 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 (Turbidity of the finished oils was measured, neat, at
20°C using 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 to 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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of water renoval that is initiated at a tenperature of slightly over 100" C
This initial step is followed by a slow increase in tenperature whereupon
the turbidity of the ermul sion 10 changes fromturbid to substantially
clear. Accordingly, stable colloidal suspensions will ordinarily have a
turbidity of |ess than about 300 nephelonetric turbidity units (ntu) and
preferably | ess than about 100 ntu (Turbidity of the finished oils was
nmeasured, neat, at, 20' C using a Hach Rati o Turbidi neter Mdel: 18900. The
t ur bi di met er ReAENEI GOBPaRRTS, oG 2hout 80 wh ¢ tahont 1P0rw Hegidpreerakiy fjom about
standards). The tenperature during the 15 dehydration step will typically
not exceed albuwt. 20© aboetrA§ wir ¥f aadabloyl pheselsentaméng ad brasftone 10 Blo® dispeatingit
150'C to provide a | ow color stable colloidal suspension. Dehydration nmay
al so be carrisdntsatd adidilent oikduced pressure. The pressure may be reduced
incrementally to avoid problens with foam ng. The reaction time sufficient
to dehydrate the ermglcsilgifalanghehoomvill dvahldpeetd sHagatorsdss pegiicdrore aburar y
wi dely, e.g., in 20 the range of fromabout 0. 5 to about 3 hours and

pref erabl y5 f rom ab@uo #d ?»Eeférgbl?lﬁ%{ abbut 10 1ohBbES0 Welldht pEiSkikldf Bk saehsibalal

suspension wll ordinarily contain a dispersed phase and an oil ‘phase

cont ai ni ng atTﬂeQﬂs%}e{sgﬁ %cﬁ%?%él ogﬁé aﬁﬁﬁiuﬁg 8%@1@5 Eeﬁ%ﬂo@ehé@ﬁ%ﬁﬁﬁ%ﬂghe

di spersed phase w ntal n “at ast a“mj of "‘anount o
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phase containing at |east one or nore dispersing agents and a diluent oil.
The col | oi dal™¥ §‘ﬁ'ensi on will have a dispersed phase content ranging from
about 5 5 to about 60 _an referably from abqut 10 to about 50 wei ght
percent of the su ilwge dohyaratipe phihe g wrlafaéﬁfﬂﬁism%ﬁ@é (I&Hﬁﬁ%%d
particles generally possess a nean particle o _

107  slow deliydration 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 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 stablé 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 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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size of less than about 1 micron and preferably fromabout 0.01 mcrons to
about 0.5 mcrons. Generally, the dehydration of the emulsion is carefully
controlled (i.e. using a 10 slow dehydration rate, enploying a sweep gas,
and the like) in order to avoid condensation of water on the walls of the
reaction chanber. Condensation can result in water droplets that

contam nate the conposition which, in turn, can |lead to undesired
precipitate formation. Such precipitate formation typjcally results in

| ar ge particﬂ@@ﬂ%ﬂmﬂOﬂfbﬂ%ﬁﬁm%m@§@§§éﬁ§@@HM§H%H%HWE%%€$%? ARst&e BresPert i es.
15 THE LUBRI CATING O L COWOSI TION The stabl e coll oi dal suspensions of the
present i nverdfiother addgtiygarti cul arly useful as anti-wear agents when used in
| ubricating oil conpositions. The lubricant conposition of the present

i nvention conpri sdtedubripting dhammitositibnsef the pregdt Invbmtionatrdingrily icetaisiat y and a
20 m nor amount of the stable colloidal suspensions of the present

i nvention. Theajol dtduntat dnngl &filhbrivaiiBosisdds oy snCoOmirmE Bifeive beosdtaiftie
col | oi dal suspensions of this invention can be prepared by adm xing, by

conventional $HREHNEIUER colitiBalARR0064A TR NP BubSatihf QiscssitdAtefordRblilgi dal
suspensions wth a suitable lubricating oil. The sel ection of the
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t he | ubrican er tives. “The lubricating oil

corpos 1 N Bl TSR RSB S0 RE DR P DGPLR By
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© 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 Qeight of the composition.

The lubricating oil which may be used in this ﬁvention includes a wide \fariety 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 (cSt)
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 o0il compositions. Synthetic oils include, for

example, both hydrocarbon synthetic oils and synthetic esters and mixtures thereof
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present in an anmount ranging from about 30 to about 70 wei ght percent and
nore preferably from about 45 to about 55 wei ght percent of the

| ubricating oil conposition and the stable colloidal suspensions will be
present in the lubricating oil conmpositions in an anmount ranging from
about 0.1 wt. %to about 10 wt. % and preferably fromabout 0.5 10 wt. %to
about 2.5 %w. % based on the total weight of the conposition. The

| ubricating oil which nay be used in this invention includes a wide variety
of  hydr ocar Homingithsdesget hisasity afidrhenba dyathets; oisanaf hiladd) dsescamiplt, oilsced
base oils as well as synthetic oils such as esters and the |ike. The

| ubri cating girbsardtBiyor ehelisoBimdrizdiion shetlylishe Of frointhe polinaiation ofndlgianer al | y
have vi scosity which ranges from50 to 5,000 Saybolt 15 Universal Seconds

(SUS) and usugkh ¥s ﬁdl%h]agﬂﬁg @r A0 Qloﬁ'(%tjﬁy&bfﬁ% sy;ﬁfh%si_l: PRIcbARES ehoQatbon

enpl oyed may be any of a wide variety of "oils of "lubricating viscosity.

The b O ) . . ) _ : L b

nerar” o | AR AR L SR SRR 7
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base o 11 n peci st i e Sttt g bt be e B dlee BRI and

other oils thgt are, ordi]_gar_i |y used in |ybricating oil_ conpositions.

Synt heti c oi | lsdqcRig T Lifgwise IP%’?erk?éPﬁPrﬁyﬁer%?%E@ﬂmE;ﬁﬁfjﬁiéfii’cédoi | s and

synthetic esters and m xtures thereof 31 having the desired viscosity.
Hydr ocar bon SpREdmetdas beiupesl. fdspful parthetie esters incdudriby esterpef mopncatbardif 4cidsm t he
pol yneri zation of ethylene or fromthe pol ynmerization of 1-olefins such as
pol yal phaol efand polyc@bexylioracids,canwellcs ovapbydroxy alichreds andmobysdsl UFascalisi ng
carbon nonoxi de and hydrogen gases such as in a Fisher-Tropsch process.
Usef ul sylifit hetxmeples 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. These
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 O-

30%), dialkyl hydrogen phosphates {about 0-10%), zinc dithiophosphates (about 0-20%),
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5 hydrocarbon oils include Iiquid polynmers of al pha ol efins having the
proper viscosity. Especially useful are the hydrogenated |iquid oligoners
of C6 to C 12 al pha ol efins such as 1-decene triner. Likew se, alkyl
benzenes of proper viscosity, such as di dodecyl benzene, can be used.
Useful synthetic esters include the esters of nono carboxylic acids and
pol ycarboxylic acids, as well as nono-hydroxy al kanols and pol yols. Typi cal
10 exanpl es are di dodecyl adipate, pentaerythritol tetracaproate,

di - 2- et hyl hexdjiatkddivgepgen phagphaies(ghasie Bd 8% dentpstythriel menoglea W-10%er s
prepared from m xtures of nono and dicarboxylic acids and nono and

di hydr oxy al Rahdinssreaptotizhdiazdie(cbsed-5%), benkstrofzolwi(sounl-5%i melyhileminsynt het i ¢
oils are also useful. Thus, the oil can be a refined paraffin type base

oi |, a refi negifizpbinhRrecsublasethoid described & U, Pyentidds ¢,263,d5Daar HBTp,387

non- hydrocarbon oil of lubricating viscosity. The oil can also be a

m xture of m@enRb-BRdinsdonets @bdt 0509 hadTeih aitilsitors(AbP@ TSI WNedahe like
present invention (as described herein above) can also be blended to form

addi tive packzass, CAMRIdisitPerceMGbAel b idaba SHSPRT ARt @atkagaddi ti ve
packages typically contain from about 10 to about 75 wei ght percent of the

20 col'loi dal suspensl 95 A8SCHiBRE ARNR0ARTIdr M AHEMIonIn hO FAAMed >

wei ght percent of € or nore conventi onal Ives selecte romthe
group consi sting,.of ashless . disper ts,(about .0-5%., tergent.s bout
029, sur 1 urTIRE AEDLE R BRI brate var ki T arsaEh BesEhnat es
(about 0-10% in i t hi.ophosphat es (ahout 0-20%., 32 di /| _hydrogen
bhosphat es ( Aeteons split e Rrcrass fRriteaebhen Riedie i ob soHeet oYy
2, 5-di mer capt ot hi adi azol e (about 0-5%, benzotriazole (about 0-5%,
mol ybdenum  SU§oPSitiein @ #plouRed Tomeapoytd farbeut Hokeightpstrepifoprayideier &5t Nos.
4,263, 152 and 4, 272, 387 _ N -
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 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 illustrative of the present invention.
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(about 0-5%, im dazolines (about 0-10%, and foaminhibitors (about 0-2%
and the |like 5 wherein each wei ght percent is based on the total weight of
the additive package. Fully fornulated finished oil conpositions of this
invention can be fornulated fromthese additive packages upon further
blending with an oil of lubricating viscosity. Preferably, the additive
package descri bed above is added to an oil of lubricating viscosity in an
anount of from about 5 to about 15 wei ght percent to provide for the 10
finished oil conposition wherein the @gﬁﬁﬁgLﬁércent of the additive package
is based on the total weight of the conposition. Mre preferably, added
along with the oil of | ubPiepattiongpfiaGdlosdat HuspsnszormpGdnpamingacr yl at e
viscosity index inprover whi @hsgessed HyttatbeddPobtmer Melybdatof about 0- 12%
and/ or a pour point depressant at a | evel of about 0-1% to forma

finished of| whereTda t higer Whkgbhdakorfealed 58 .2a 0240 mblh ef 3daee giolybdatedex
i nprover and pour 15 point depressant is based on the total weight of the
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lubricating oils of the present " invention. ThoSe additives include
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agents, antifoam age er viscosity 1ndex I nproves ti-wear

agents, and a var ifc;at %é%gergtt h ergg\é\tgéllb]em?rn@ats?ggis%. eglﬁBj{.ﬂgé B%xoa}lr fSONZ<911 éhe

following non-lim X re tTve present 1 nventi on.
33 EXAMPLE Pregparation o | | oi dal Suspensi gn .Cont ai nin Di sed
Hydr at ed Pol yﬁ&”ﬁ’i kﬁﬂ%&éﬁé%@gﬂgé g’“f °‘fef%fag‘?cpsé’:“§’§ Cﬁgﬁfﬁ‘lﬁtfll\ﬁgggé&%g%, a3, 2¢
(0. 240 _m)l(i of sodi um nol ybdate di hydrate, 15, 21gD§20. 246 npl 6 of boric
aci d, andlOsogueresrdAPhe af Wansk OHithies Meatirdd e TM 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 resultiné 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 heaiing 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 a TBN of 88mgKOH/g.

25
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stirred and quickly forned a honbgeneous aqueous solution with gentle
heating. To a 1 liter stainless steel blender flask was added 137.75g Exxon
150N oil (a Goup | base stock), 14.40g of a | ow overbased synthetic

sul fonate having a Total™ Base 10 Nunber (TBN) of 17mgKOH/ g (as neasured by
ASTM D8296), and 30.00g of a polyisobutenyl succinic anhydride (PlBSA)

havi ng a saponification (SAP) nunber of 118.6ngKOH g (as neasured byASTM
D93) and containing 92.8% actives. The conponents were mxed until a
honbgeneous sol ution was formed. The WetAMHLBGus sol ution was then added
to the oil solution, over a tine period of about I mnute, while 15 the oil
sol ution was m xed on a WaPrepmgaticabdadicdivydabbepdaion@doteiting bl ender speed
being slowy increased fronDedRestdHO@kPolynfeeic' Mélgbdatset ting during the 1
m nute period to forman emulsion. The resulting enmulsion was then m xed

for 30 m rates on W thBkshe gensfll biod&iurd OlifdMh SkARINASa diRRAsel Mytitatddl Y
dehydrated in a 1 liter glass beaker insulated with 20 glass wool by

heating the emuli$iABybatd coBNERUAR & Hadd) Sra@ e %gﬁﬁ%}ﬂq&ihg%bﬁogr@.@m under

a nitrogen sweep unti'l an essentially cl'ear "col stlispefisi on was
gg:)ﬁln? egi‘ ngﬁ‘é%ﬁﬁrdéﬁgﬂg’%ﬂes. %H} aﬁgﬁiﬁgﬁﬁ&} éfom' /F%’gmm Facﬁcﬂ%ﬁp@g {Jslgt i ng
TEN of - songKayonze! 3 eate 05 e it b af Sopr e e Ba 66
Containi ng [%iegt%t%{pie%heWi?lgﬁatsee gfaf 81!6 aq'g Lé:mg f9¥$)gdoaftEexxon 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. The mixture quickly formed a slightly turbid aqueous solution with heat and
stirring.

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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5 Using the sane general procedure outlined in exanple 1, a di spersed
hydrated sodi um nol ybdate conpl ex (the agueous phase) was prepared by

m xing 80.Cg (0.331 nol) of sodium nol ybdate dehydrate, 8.1g (0.083npl) of
96. 8% sul furic acid and 107.5g of deionized water. The pH of the aqueous
phase was approxi mately 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
nunber of 92ngKOH/ g.. An enul sion was prepared _and partially _ _dehydrated in
the same mannbEkOBiel - 0r aEwh 82688 P ARSI pokidi KGRl heat i ng
time was about 1.5 hours to a nmaxi num tenperature of 105C. The resulting
product was fé¢dntainingl92.B¥eaativesaihy deropmnents tieramingt] fratiler hammagenenns ail selation 7%
Mo and 4.6% Na by ICP. 15 EXAMPLE 3 Alternative Preparation Preparation of
a Col | oi dal SwsypermséedriNexCahd Botnqguidsdpemsed aliyd tattiedoiPallytivar ower kbdughidat e
20 To a 1 liter glass beaker 34.9g (0.242 nol) of nol ybdenum oxide, 19.2g
(0.48 nol) ohimedwuile hedilasivien wanehikd®g 0¥k Za4araey dlendas waglded and
gently heated and stirred to dissolve the reactants, and then 15.2g (0. 246

mol ) of boyi cylagdeflsi@s blilg LBeTy inddsied frofhoitoos ottt ekl deainpRindg the
slightly turbid aqueous soluti'on wth heat and stirring. 25 To a 1 liter

stai nl ess stegl : ; ”E@fﬁp” L] oup |
base stock), ﬁ“ﬁiéegﬁ%ﬁaés Fogﬁlvi%gver %@ggﬁgé%ﬁ%?%c su o%%@ghﬁ%%ﬁdr%r 3<';10G"’I'BN of
35 17ngKOH g’mx%%?es%%'ﬂ?eq%gont’ Se:atmEl’}I;.BSA havi ng a SAP nunber of 118. 6ngKOH g and

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 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% Mo, 3.6% Na, and
0.88% B by ICP, had a TBN of 86mgKOH/g, and an average particle size distribution of
0.130 um 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 cil phase.

An emulsion was then prepared and dehydrated in a similar manner as example 2. The
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cont ai ning 92. 8% actives. The conponents were m xed until a honobgeneous oil
solution was forned. Next, the hot aqueous solution was added to the oil
solution, over about 1 mnute, while the oil solution was m xed on a
Waring Laboratory blender; with the 5 bl ender speed being slowy increased
from50%to 100% of the "high" setting during the 1 mnute period to form
an enul sion. The resulting enul sion was then mxed for 30 mnutes on the
"high" setting. The enulsion was then partially dehydrated in a 1 liter

gl ass beaker totdbeatingimgiwds abgitashoursdole mmxitheatemsratire o8 493 6t Bretargvag

maxi mum tenperature of 104C with stirring 10 under a nitrogen sweep until
an essenti al | pnovehfrommdhd sispkakionidirisgithparsivd as evadenodt ay eved:ition P etegrot &l
dehydration tine was about 1.5 hours. A small anount of non-dehydrated
enul si on was d¢leaevisdilrodinuigeasion vas dhgingt £tk abowt Orftidurddafadmdin a 3. 6% Na,
and 0.88%B by ICP, had a TBN of 86ngKOH g, and an average particle size
di stribution @mpe@uiSOf 103° @&/ iHRRSHbS B&h%lﬂaaz%bblﬂfﬂéﬂﬁrelaﬁd%&tﬁib g6t The
scattering particle size analyzer. 15 EXAMPLE 4 Extended Dehydration of a
Col | oi dal §u5ﬂ%@g}oggcw@% Q(Ldgl ng Di spersed Hydrated Pol ymeric Ml ybdate
Usi ng the sane general procedure outlined in exanple 2, a dispersed

hydrat ed 20 sodi um nol ybdate conpl ex was prepared from81.5 (0.337 nol) of
sodi um nol ybdate di hydrate, 16.5g (0.168nml) of 96.2% sul furic acid and
224.7g of deionized water to form th%mf‘ﬂ% phase; and 103.6g of Exxon
150N oil, 36.7g of PIBSA having a SAP of 68.1ngKOH g, and 8. 1g of
an al kyl benzene sulfonic acid was used in the oil phase, An enul sion was

then prepared and dehydr at &8P#aion ofiafkqllordalavspepsiondeuiaiigee 2. The
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 90mgKOH/g, and an average particle size distribution of
0.135 pm 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 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 pm as
measured using a Horiba LA-920 light scattering particle size analyzer.

25
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36 total heating tinme was about 3 hours to a maxi numtenperature of 133C.
Water was renoved fromthe suspension during this period as evidenced by
evolution of steam A <clear colloidal oil suspension was obtained after
about 1.5 hours heating tinme to a tenperature of 105C with the product
bei ng hazy both before and after this point. The 5 final product was
opaque. EXAMPLE 5 Preparation of a Colloidal Suspension Containing

Di spersed Hydrated Pol yneric Ml ybdate_1Q 15 The preparation of the

col | oi dal suspension described in exa@B‘P”é\/I Bds repeated with no
significant changes. The resulting product contained 7.6% MO, 3.7% Na, and
0.86% B by I CP, had a TBN of AuenedlyEngine{d] Eermenlatedigithparticl e size
distribution of 0.135 pm as néadoideldSussémynaf Bezmpla 1LA- 920 |i ght
scattering particle size analyzer. EXAMPLE 6 Preparation of a Coll oidal
Suspensi on Cont ai M bgselid apanchild ehlyide ail ecmpesitjomewdsdofbddydodnattn PHSARSOW
preparation of the colloidal suspension described in exanpl e 3 was repeated

in essentisl Iayxtctrﬂi&lléaﬂ%nér&mweth 60X sbis-biinirhRle #peRint SHYa kit PRRELC aci d
was used in place of boric acid. The resulting product contai ned 7.8% MO,

3. 7% Na, and pieidoRibike bRl Bilofud Bhbrgbn Fa bRl GBI BGym
particle size stribution of 0.129 ma measur u5| hg a Hori ba LA-920

light scatt erﬂh@ﬂat@ E’ilétgxlggtlnt,el Mgad}‘%l s¥éonldary zine dialkyl dlthlophosphate, and Sppm of a

foam inhibitor. The colloidal suspension of example 1 was formulated into this baseline
automobile engine oil composition at 1 weight percent such that the Mo concentration

10 was 0.078%.

COMPARATIVE EXAMPLE A

Automobile Engine Oil Formmiated 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 Cornparative Example A measured greater than 8
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25 37 EXAVPLE 7 Autonobile Engine G| Fornulated with Colloidal Suspension
of Exanple 1 A baseline autonobile engine oil conposition was forned
containing a SAE 30W 5 autonobile engine oil with 6% of a bis-succinimde
di spersant, 25nmM kg of a synthetic highly overbased cal ci um sul fonate
detergent, 25mM kg of a highly overbased cal ci um phonate detergent,

13mM kg of a secondary zinc dial kyl dithiophosphate, and 5ppm of a foam

i nhibitor. The coll oidal suspension of exanple 1 was forpulated into this
basel i ne aut@HoElEBY @%@0&- ﬁé?ﬁrfﬁ%é'iﬂdp@ﬂm&@telthme&ﬁqedm edat oidthe h t hat
the Mo concentration 10 was 0.078% COVPARATI VE EXAVMPLE A Aut onpbil e

Engi ne O | FooHoidat sepansions ofifbis yisgatenn Sul fi de Conpl ex 15 A basel i ne

aut onobi l e engi ne oil conposition was forned containing the sane base oil,
additives and treat rate as described in Exanmple 7. A commercially

avai |l abl e nol ybdenum sul fi de conpl ex as prepared and described in U S
Patent Nos. 4,263,152 and 4,272,387 BXANMPIPYl ated into this baseline

aut onobi |l e engine oil conposition at 1.2% by weight and the M

concentratg on was 0.078% 20 1R} PHospRASHARORBbil PN ARIMI D1500 The aut omobil e
engine oils of Exanple 7 mpgueRERRfRELNSPRERhE o oF B Saple 1

A baseline automobile engine oil composition was formed that contained about
0.05% phosphorus {caiculated 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, 55mM/kg of a highly overbased calcium

phenate detergent, 7mM/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 the Mo concentration was 0.078%.

EXAMPLE 9
Low Phosphorus Automobile Engine Qil
Formulated With Colloidal Suspension of Example 2
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 0il composition at 1% by

weight, and the Mo concentration was 0.097%.

25
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anal yzed for color by ASTM D1500. The autonpbile engine oil of Exanple 7
nmeasured 3.5 while the autonobile engine oil of Conparative Exanple A
nmeasured greater than 8 38 (off scale by this nethod). These results
denonstrate the preferred | ow color of the colloidal suspensions of this

i nvention. EXAMPLE 8 5 Low Phosphorus Autonobile Engine G| Fornmnul at ed
Wth Col | oi dal Suspension of Exanple 1 A baseline autonobile engine oil
conposition was fornmed that contained about 0.05% phosphorus (cal cul at ed
from ZnDTP concentration). Thus®0, IﬁFrrgbl |l e engine oil with 3%
of a bis-succinimde dispersant, 6nmMV kg of a synthetic 10 | ow overbased

cal ci um sul fonat e detergent, ISPWOR@?O@#S AutpingbileEngieer@dsed cal ci um phenate
detergent, 7nmM kg of a secondary zinc dial kyl dithiophosphate , 0.5% of an
am ne anti - oxi dantA bl anforaphplk engih¢ il emtiposirondeas tforared the¥caftaiaed the

et hyl ene/ propyl ene copol yner viscosity index inprover was prepared. The

col I oi dal suspeBdheniphddnasph®iredt riness degérbel ad Bearhplé 8, irddin® dousiahl ne

aut onobi |l e engine oil conposition at 1% by weight, 15 and the M
concent r atsi OnuYRSsin 078% EXAMPLE 9 Low Phosphorus Aut onobile Engine Ol
Formul ated Wth Col | oi dal Suspension of Exanple 2 20 25 A baseline

aut onobi l e engine oil conposition was forned containing the sane

COMPARATIVE EXAMPLE C
0.1% Phésphorus 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 zinc 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 were aged in an oxidation bath, containing stee] balls, for 48
hours 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 10kg with 10kg increments at 1500 rotations per minute. The wear

index was calculated frorm movement of the load arm.

40



base oil, additives and treat rate as described in Exanple 8. The coll oi dal
suspension of Exanple 2 was fornulated into this baseline autonobile

engi ne oil conposition at 1% by weight, and the M concentration was
0.097% 39 COVPARATI VE EXAMPLE B Low Phosphorus Autonobile Engine Gl A
basel i ne aut onobil e engine oil conposition was formed that contained the
sane base oil, additives and treat rate as described in Exanple 8, and no
col I oi dal 5 suspensi on. COVWARATI VE EXAMPLE C 0.1 % Phosphorus_ Autonobile
Engi ne G| A basellhsevesttestronilts aresghiorh below indgddi i OHs With epent rswear
containing the same 10 base oil, additives and treat rate as described in
Exanpl e 8 exqeppertidsahibiie 1dwiWekyindéx m thiséesbndary zi nc di al kyl

di t hi ophosphate was replaced with 18nM kg of the same secondary zinc

di al kyl dithi ophosphate, and no col | oi dal suspension. 4-Ball War Test 15
The | ow phosphorous aut onobil e engi ne Wfl Exanmples 8 and 9 and
Conparative Exanples B and C were test anti-wear performance using a
four ball 5 wear test perfornmed in a.pRMAEL 1St FAshigr to ASTM D-4172 (4-ball
wear), as fallows These formilated test oils were aged in an oxidation
bat h, cont ai|faPlst eel balls, for 48 hour$-Ball Weadndgx ReswBL/ hour of

ai rfl ow bubbtedd p'ggJugil the—ort—These—ags '9ui ts—were—20-tested—on—a4-hal |
wear test apgparatus using 10006 steel ball 2 90kg | oad was applied in 9
stages st art|iBy@mpleddn 10kg with 10kg incrergsts at 1500 rotations per

m nute. The pwear .
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 Qil
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, 7mM/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. The colloidal suspension of example 1 was
20 formulated into this baseline automobile engine oil composition at 1.6% by weight, and

the Mo concentration was 0.125%.
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i ndex was cal cul ated from novenent of the |load arm 40 The wear test
results are set forth belowin TABLE 1. Gls with good anti-wear properties
exhibit a low wear index in this test. TABLE 1 5 4-Ball wear test results
Sanmpl e4-Bal |l Wear | ndex Result Exanple 829 Exanpl e 928 Conparative Exanple
B216 Conparative Exanple C24 As these data denonstrate, a | ow phosphorus
aut onobil e engine oil having desirable anti-wear properties can be

formul ated with the coll oidal suspensions_of this_  invention. 10 EXAMPLE 10
Low Phosphorus Aut omobi | e Engi ne 4P#1 Lezgy Weardndssk T8t h Col | oi dal  Suspensi on
of Exanple 1 A baseline autonobile engine oil conposition was forned

cont ai ni ng a BrEugywobils enging odsvidirabiplee] (eavngi GranparativaEx pmplgetotverg evaluated

bi s-succi nim de di spersant, 6nM kg of a synthetic | ow overbased cal ci um

sul f onat e det for ped carrdbgrMokertiof baARTHNDY783v b asetheasatasiaload yweee ater
detergent, 7mM kg of a secondary zinc dial kyl dithiophosphate, 0.5% of an
am ne ant i - OxX(LOFD} repdtted T eflo-graph ey (keF)aRticasixd 6xhE pRBettiedef luBficant under

et hyl ene/ propyl ene

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 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 Sodium Hyd.roxide, and 168.39 g De-ionized water. The mixture was then
20 heated and stirred until all of the solids had gone into solution. 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 lab blending flask was added a dispersant system containing 128.78 g
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copol ymer viscosity index inprover. The colloidal suspension of exanple 1
was 20 forrmulated into this baseline autonobile engine oil conposition at
1.6% by weight, and the M concentration was 0.125% 41 4-Ball Load War

| ndex Test The autonobile engine oils of Exanple 10 and Conparative Exanple
B were evaluated for |oad carrying properties by ASTM D2783. The test
nmeasures a | oad wear index (LW), reported in kil o- granlforce (kgF), a

measure of the praoperties . of _a |ubricant und 5 high_press, 0 i ons.
A high LW i sE¥eg1pg base offyd7. 9%5&?9\/%%0?’%% %s@éheﬁ?é tﬂn@&ev& &{10 flérth

bel ow in TABLE 2. TABLE 2 4-Ball LW Test Results SanplelL H?F) Exanpl e
1041. 7 ConparagKQE/B30d 88. %gvﬁéPf%ﬁ‘rAzg@Nm@aaAPamxr@pthférméemﬁﬁé tEhet he

‘superior performance of the autonobile engine oils fornulated with the
col | oi dal sustispesiaoieystefn wdsenipedeimaht blemdiemflaskn. EXAMPLE 11 15 Preparati on
of a Colloidal Suspension Containing D spersed Hydrated Polyneric
Tungstate To a 1- Ldicenthdsaterrwayakoraaghdrmbtzd,1thg hédeabR e splutibn Propest émn
xide, 19.66 g (0.49 nol) of Sodium Hydroxi de, and 168.39 g De-ionized
wat er. Thes mi ¢kt BeskerREs JIRER (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 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 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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20 heated and stirred until all of the solids had gone into sol ution. Next,
15.17 g (0.245 nol) of Boric Acid was added to the beaker, heated and
stirred until dissolved. To a stainless steel Waring | ab bl ending flask
was added a di spersant system containing 128.78 g 42 Exxon 150N base oil,
17.02 g of a | ow overbased synthetic sulfonate with a TBN of 17 ngKOH g,
and 38.97 g of a PIBSA having a SAP nunber of 118.8 ngKOH g. The
di spersant sysAmmgwas mxed in the blending flask. Once the system was
t horoughly m xed, the heated aqueous solution prepared in 5 the beaker was
slowy (over about 1 mnute) blended into the flask using a Variac
controller to increase the blend speed from50%to 100% of the Waring Lab
bl ender's "high", setting., The contents of the jm xture re then m xed for
on*adai t onal 90 ik ieRE olfaglE3sEin toReribg: O Rt i b ont s of ¢ he
bl ending flask were transferred _to an insulated 1-Liter Beaker where they
wer e parti al’PYPHERS dradieemepnt REongoranprgthepersed hydrated popmeeric A maxi num
tenperature 100C was reached over a period of approximately 2 hours. The
process §i elcdmgovndsaelected frmuthegraguesnsighing of pdymalyhdates3 pdlstangsidicsm and
0. 802% Boron by 1 CP, and had a TBN of 81 ngKOH g. The average particle size
was 0.135 polyganddaascdehiolsdtes) pal ytdatdldtes, hAhRArihates Ontl nsig firéstherieaf: pad,t i cl e
size analyzer. It will be understood that various nodifications may be nade
to the emboghy®mdiPphabe cothpasifs Sk HEh6ictispbREELARNE G dlgyidescri ption
shoul d not be conslt)r ued as Iimting, but nmerely as exenplifications of
preferred enbodi nents. For exanple, the functions described above and
i npl enented as the best node for operating the present invention are for
illustration purposes only.. O her, arrapgements and net hod y he
i npl emented by &hgﬁ'@ CQB?%P]E%‘SPWSW@%P?‘?‘HV% Trn ﬂﬁ?ﬁsﬁ‘gh%@ﬁgt he scope
and spirit of this invention.

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
lithtum, 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 magnesium, calcium, ammonium or

thallium.
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20 Moreover, those skilled in the art will envision other nodifications
within the scope and spirit of the clains appended hereto. 43 CLAIMS: 1. A
stabl e col | oi dal suspension conprising: (a) a dispersed phase conprising a
maj or anount of one or nore di spersed hydrated polyneric 5 conpounds
selected fromthe group consisting of polynol ybdates, polytungstates,

pol yvanadat es, polyni obates, polytantalates, polyuranates, and m xtures

thereof, and, (. Bu: @llbidDARBeRATGH B e Qﬂﬁle(ﬁedéﬁirnﬁ cHHi$Paedraid gagent s
and a diluent oil. 2. The colloidal suspension of claim 1, wherein the

di sper sed hy i ﬂ;gg

pol ynol ybdate. ﬁ%&%r%o% %?ﬁgﬁeggmwgﬁﬁcghggﬁﬁagﬁﬁ rr?gd Gher ei n
the polyneri.c nd further rlse kal i sel ected fromthe
group consi SETRRY BREHES }?PB‘?-}VV%‘Sa?tﬁ 130,88 Kol Sone PaURaISm 15 4. The
col | oi dal suspension of claim 3, rein the al kali netal polyneric
conpound i s ISRANHPE: Qﬁtﬁm}*’ﬁb’ﬁi@y"@m‘I“IPF‘éer@B‘PIVBIi“é%W%d@ﬁé@@lmﬂ&a@ny one of
the preceding clainms, wherein the 20 polyneric conpound further conprises
magnesi ud detasopniyniabates) hetmroppelytanbalates, and hatérapolyTimntesol | oi dal suspensi on

of any one of the preceding clains, wherein the polyneric conpounds are
sel ected fromthe group consisting of isopolynolybdates,

7. The colloidal suspension of any one of the preceding claims, wherein the
major amount of the dispersed hydrated polymeric compounds is from about 50 wt.

% to about 100 wt. % of the dispersed phase.

10
8. The colloidal suspension of any one of claims 1 to 6, wherein the major
amount of the dispersed hydrated polymeric compounds is from about 60 wt. % to
about 95 wt. % of the dispersed phase.
15 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

20  about 1 micron.
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i sopol ytungst at es, isopol yvanadates, isopol yni obates, isopolytantal ates,

i sopol yurantes, heteropol ynol ybdat es, het eropol yt ungst at es,

het er opol yvanadat es, 5 het eropol yni obat es, heteropol ytantal ates, and

het er opol yurantes. 7. The coll oi dal suspension of any one of the preceding
clainms, wherein the nmajor amount of the dispersed hydrated polyneric
conpounds is fromabout 50 . %to about 100 wt. % of the dispersed
phase. 10 8. The colloidal suspension of any one of clainms 1 to 6, wherein
the major anmount of the di spersed hydrated pol yneric conpounds is from

about 60 wt. %t011.%%%Bllgiﬁa%gpeooé%ﬁélotg?ﬁ%géé@g&%ﬁg 1ﬂ%sg/hex5'e§1t e The

col | oi dal suspension of any on havi'hg 'a reduced col or.
10. The col |l gidal .su sion of any one of the precedi.ng cl ains, wherein
the di sper SEPeRyARITRIFARsToRSl CrbsrpS arteses e Meekeatichsli PaPtHicl o i ze

| ess than 20 about 1 mcron. 45 11. The col |l oi dal suspension of any one of
claims | to B0 pecaers tg abpwt 0.ydGeRssed hydrated pol ymeric conpound possesses
a nmean particle size of about 0.01 microns to about 0.5 microns. 5 12. The
col | oi dab suspensi on of any one of the preceding clains, wherein the

di spersing agent is selected fromthe group consisting of polyal kyl ene
succi ni ¢ anhydr i ideSthet@Noidhl SuegRBiof @by Bad6f tHe pre¢adihy elird, weheRh Ml Kyl ene

succinic
dispersing agent is selected from the group consisting of polyalkylene succinic
anhydrides, non-nitrogen containing derivatives of a polyalkylene succinic
anhydride and mixtures thereof. |
10

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

anhydride is a polyisobutylene succinic anhydride.

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

15 o1l phase further comprises a detergent.

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

sulfonate.

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

low overbased metal or neutral metal sulfonate.
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anhydride and m xtures thereof 10 13. The col |l oidal suspension of claim 12,
wherei n the pol yal kyl ene succinic anhydride is a pol yi sobutyl ene succinic
anhydride. 14. The col |l oi dal suspension of any one of the preceding clains,
wherein the 15 oil phase further conprises a detergent. |1S. The coll oi dal
suspensi on of claim 14, wherein the detergent is a nmetal sulfonate. 20 16.
The col |l oi dal suspension of claim15, wherein the netal sulfonate is a | ow
over based netal or neutral netal sulfonate. 46 17. The coll oidal suspension
of claim 15, wherein the netal sulfonate is a calciumsulfonate. 5 18. A

process Tor BT epayy, e Rb bl £ebaklod FaleiR SAENSLAMME RIS Litkidie i 111 19,

under agitation, (a) an agueous SO I on conprising one

pol ymeric co ound elected fromthe group consisting of ponnDbedates,
pontungstat@ ‘HB8%§ adates pol yni obat es, pol ytantal ates, pol yuranates,
and m xtures thereof; (b) one or nore dispersing agents and (c) a 10
diluent oil to forn1a m cro emul sion; and, heating the mcro emulsion to a
tenperature to renove sufficient water so as to produce a stable colloida

suspensi @n conpr i & nypraapssdotiprepamgedstghasaloadalsnipsision canpriging: anount  of
one or nore dispersed hydrated pol yneric conpounds selected fromthe group
consi sting of a paixymuydag@sionpQ)) yh dp@dLuasEet od@IMPRRRMAR T 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 phase comprising

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

from the group consisting of a polymolybdates, 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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15 pol yni obates, pol ytantal ates, pol yuranates, and m xtures thereof, and,
(b) an oil phase conprising the dispersing agent and the diluent oil. 19.
The process of claim 18, wherein the polyneric conmpound is a pol ynol ybdat e.
20 20. The process of claim18 or claim 19, wherein the polyneric conpound
further conprises an alkali netal selected fromthe group consisting of
lithium sodium potassium and rubidium 47 21. The process of claim 20,

wherein the al kal7], Mieqhrod2ed ¥MB4iIC20; WHRRNN thelaBaBQHEPPRhMIDIHtALE . 22
The process of any one of clains 18 to 21, wherein the polyneric 5 conpound

further co '&f&n g@gﬁ' cal cium ammoniumor thallium 23. The process
of any oneng§bc alﬁg V%ﬂgﬁ, wherein the polyneric conpounds are
selected fromthe group consisting of isopolyrnolybdates,

i sopol ytungst at es, isopol yvanadates, isopol yniobates, isopolytantal ates, 10
i sopol yuranat es, heteropol yno| ybdat es, heteropol yt ungst at es,

het er opol yvanadat®s, TefEesry g 9k elatms Kokl pbespithe #plymssic and
het er opol yuranat es. 24. The process of any one of clains 18 to 23, wherein

t he di spér siongpagehiurthescanepreses swghestm.tdatsign.cupnognei s thalguof pol yal kyl ene
succi ni ¢ anhydri des, non 15 nitrogen containing derivatives of a
pol yal kyl ene succini ¢ anhydride and m xtures thereof. 25. The process of
clai m 24, wherein the polyal kyl ene succinic anhydride is
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,

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, non-
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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a pol yi sobutyl ene succi nic anhydride. 20 26. The process of any one of
clains 18 to 25, wherein the step of m xing, under agitation, further
conprises mxing a detergent. 48 27. The process of claim26, wherein the
detergent is a netal sulfonate. 28. The process of claim 27, wherein the
metal sulfonate is a | ow overbased 5 netal or neutral netal sulfonate. 29.
The process of claim 27, wherein the netal sulfonate is a cal cium

sul fonate. 10 30. The process of any one of clainms 19 to 29, wherein the
col | oi dal suspension has a reduced color. 31. The process of any one of

claims 18 to 30, Weirh% ﬁoéegseof)d?ﬁmojé Wle FE:m ﬂfe%%&%@e%?g@rﬂétﬁ{ﬁl 08&' ymeric

conpounds possess n particle srze Tesst m cron. 32.
The process of any one of clainms 18 to 30, wherein the one or nore

di spersed hydrated polyneric conpounds possess a nean particle size of
about 0.01 mcraons to about 0.5 mcrons. 20 33. The process of any one of
claims 18 to 32, Afhdheiprogerofrlainy 27 herin he metplsulipagie sadgwinygrbasedy

pol ymeric conpounds is fromabout 50 wt. %to about 100 w. % of the

di sper sed phogial org@utral metal sulfonate.

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

sulfonate.

10 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

15 about 1 micron.

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 about 0.01
microns to about 0.5 microns.
20
33. The process of any one of claims 18 to 32, wherein the major amount of
the dispersed hydrated polymeric compounds is from about 50 wt. % to about 100

wt. % of the dispersed phase.
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34. The process of any one of clains 18 to 32, wherein the major anmount of
t he di spersed hydrated pol yneric conpounds is fromabout 60 wt. % to about
95 wt. % of the dispersed phase. 5 35. A lubricant conposition conprising
a maj or ampunt of an oil of lubricating viscosity and a m nor effective
amount of the stable colloidal suspension of any one of clains 1 to 17.
36. An additive package conprising about 10 to about 75 wei ght percent of

10 the stabl e col34oiThelpredésPeMntiydne of claitys 191 12 whkrine hdj@ ahfounBdf The
addi tive package of claim 36 further conprising one or nore of additives

| d f ; 1Sk i | z€£d
sel ected framp %@%r%dﬁﬂﬁ?é%%ﬁ&%ﬁ%g%ﬁ%&&m R5Forl HBRRHWN 5 1oSHbLYS FE

hydr ocar bons, tes, zinc dithiophosphates, polyol
esters of 15, fatty..acid 2, 5-di mer capt ot hi adi azol e, benzotri azol e,

nmol ybdenum s/tfiloﬁhﬁédmpt%sﬁépg?(ggs, i mdazolines, and foaminhibitors. 38. An
addi ti ve package conprising about 10 to 75 wei ght percent of the stable
col | oi dal suspension of claim7. 20 39. A process for preparing a stable
col | oi dal suspension conprising: mxing, under agitation, an (a) aqueous
sol uti onSconpri sidtg A luprigerd compagitien pempriterd ¢ mammamendisofswlodlcafed from t he
group consi sting of nolybdenum tungsten, and vanadi um contai ni ng
conpounds ardbr{datipg aiscesdityand iaveinanefiietivo Amaint o thacdtdbl € eqiid 4 sadpeadion east
partially polynerizing the one or nore nononeric conpounds; (b) one or

nore di sper yfafy 88eot daidlad t0Q)7. @ diluent oil to forma mcro

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

10 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, dialkyl hydrogen phosphates, zinc dithiophosphates, polyol esters of

15  fatty acids, 2,5-dimercaptothiadiazole, benzotriazole, molybdenum sulfide

complexes, imidazolines, and foam inhibitors.

38.  An additive package comprising about 10 to 75 weight percent of the
stable colloidal suspension of claim 7.
20
39. A process for preparing a stable colloidal suspension comprising:
mixing, under agitation, an (a) aqueous solution comprising (i) one or more
monomeric compounds selected from the group consisting of molybdenum,

tungsten, and vanadium containing compounds and (ii) an effective amount of an
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enul sion; and, heating the mcro enulsion to a tenperature to renove
sufficient water so as 5 to produce a stable colloidal suspension
conprising (a) a dispersed phase conprising a nmajor anount of one or nore
di spersed hydrated pol yneric conmpounds selected fromthe group consisting
of pol ynol ybdat es, pol ytungstates and pol yvanadates; and, (b) an oil phase
conprising the dispersing agent and the diluent oil. 10 40. The process of

cl ai m 39, V\/flﬁfcﬁéa@aﬁlbafBﬂ@&ﬂp&kiﬁllﬁpﬂ@ﬁéﬂﬁnF%@omméinfo_nﬁﬁieﬁbdenum _
cont ai ni ng conpound. 41. The process of claim39 or claim40, wherein the

aqueous sol Wyl uhdl; ()®ne 3t FRrObisPrSihS dent HRT (cPFIHHIGN: 811 to fotnldYRfcr& OMPY 1 Ses
a hydroxi de sg@ggt ed@r g%ther15lslg|@rrou€ %%]ns?@t(icﬁg o]?énap{:a(fl nmet afcr

hydr oxi des, aluljé's}l i_na?1 earth nmetal hydroxides, amoni um hydroxi de and

thal Iium hyaern?‘)m ae. 2‘2. The process of claim4l, wherein the alkali netal

hydroxide is selected . framthe group consisting of lithjum hydroxide,
sodi um hydr oxi deﬁﬂea%%@gmﬁﬁwaga? 5@ PSR (D PR SHIHOK AT SA88 The

process of claim4l, wherein the alkaline earth netal hydroxide is

magnesi um hytlepdugea sBhlesalloflnlsugpessivn comprising (drredisfersed phase @mprising3,
wherein the acid is selected fromthe group consisting of nitric acid,

sul furi c aciamajoaahomtofant dr mpleodigeosed hydatiddholpyerippduagpnads eiaeddd,
silicic acid, boric acid and m xtures thereof 5 45. The process of any one

of clai ms 3%dR tHe3rouh&diRisting Bﬁ?& oB/bdAes, PolyimipRiiRi:iafd pERRAHAGRs;Sel ect ed
fromthe group consisting of nolybdenum

and, (b) an oil 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 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

magnesiom hydroxide.
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tungsten, and vanadi um cont ai ni ng conpounds further conprise an al kal

netal. 46. The process of claim45, wherein the alkali netal is selected
fromthe 10 group consisting of lithium sodium potassium and rabidium

47. The process of any one of clains 39 to 46, wherein the dispersed
hydr at ed pol yneric conpounds are selected fromthe group consisting of

i sopol yni obat es, isopol ytantal ates, isopol yuranates, heteropol yni obates, 15

het er opol yt ant al @t ehe Rosts16E SRR LY HLARPISR 43} FheiPRERES Sciffte@Ny ONE oOf
claims 39 to 47, wheréin the dispersing agent 'is selected fromthe group

consi sting 1Al - , = DELC cont ai ni ng
derivati vesﬁ)%r?ﬂgél%-g#lé;g(}ri%&ﬁgggﬁglﬁc%ﬁiggmé/%@?’acg% gon%lcf Jn%énggsg@onﬁo t her eof
49. The process of. claim48, wherei.n.the pol yal kyl ene, sucgi nic anhydride is
a pol vyi sobLﬁciﬂ?BH@pg?ﬁPgP’ﬁ? eid, Qs pd bogis %@.%%H%&BF%@%O f any one of
claims 39 to 49, wherein the step of mxing, 5 under agitation, further
conprises mxing a detergent. 51. The process of claim50, wherein the
detergent is a netal sulfonate. 52. The nethod of claimb5l, wherein the

met al s@l f onat e 45s Thelpoocess/eff dnysad of nlainad 3Dto 48ewthesdin tietoat ostdotonat e. 53.
The process of claim51, wherein the netal sulfonate is a cal cium 10

sul f onat e. ménomeric 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 anhydrides, 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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54. The process of any one of clains 39 to 53, wherein the one or nore

di spersed hydrated pol yneric conpounds possess a nean particle size |ess
than about 1 micron. 55. The process of any one of clains 39 to 53,
wherein the one or nore dispersed hydrated pol yneric conmpounds possess a
mean particle size of about- 0.01 mcrons to about 0.5 microns. 20 56. The
process of any one of clains 39 to 55, wherein the major anount of the

di spersed hydr at esd. plleypyBdess oLyt lairhs 39 0 hdweieibthe Wtep o¥miiQingbout 100
wt. % of the dispersed phase. 53 57. The process of any one of clainms 39 to
55, wherei n (e @aggn,q{mhg}tco%ﬁSésr}ﬁix%gsd)@gtéggmhyd_r ated pol yneri c conpounds
is fromabout 60 Wt. %to about 95 wt. ™ % of "t he di spersed phase. 5 58. The
process of any one of clainms 39 to 57, wherein the colloidal suspension has
a reduced color. 59. A process for preparing a stable colloidal suspension

conprising: mxing,,under agitation, (a). an ueous sol ufi conpri sing
one or nore 10 0 i%o@ﬁ?&%ﬁﬂhg(g&%g’%&ef‘ﬁgeﬁﬁ“ﬁg ag‘PB‘iﬂ[:)S“gg’H‘s“iesti ng of
ni obi um tantalum and urani um contai ni ng conpounds; (b) one or nore

di spersi Ag agents and (c) a diluent oil to forma mcro enulsion; and,
heating the mcro enulsion to a tenperature to renove sufficient water so
as to produce a ¥t dfilcenctbdd of daiin Siysyhensn the el fenatg is(albwaovdtispead sed
phase conprising 15 a major anount of a dispersed hydrated pol yneric
conpound seliggbledt HetiRih&El sulfonate.

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

10  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

about 1 micron.

15
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 about 0.01
microns to about 0.5 microns.
20 56. The process of any one of claims 39 to 55, wherein the major amount of

the dispersed hydrated polymeric compounds is from about 50 wt. % to about 100

wt. % of the dispersed phase.
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group consi sting of polynol ybdates, polytungstates, polyvanadates,

pol yni obates, polytantal ates, and pol yuranates; and, (b) an oil phase
conprising the dispersing agent and the diluent oil. 20 60. The process of
cl ai m59, wherein the aqueous solution in the step of mxing, under
agitation, further conprises a hydroxide selected fromthe group
consisting of alkali netal hydroxides, alkaline earth netal hydroxides,

ammoni um hydr oxi 5ie Bitthrbdeab bf atp diedteife39 &ASH Wheldie tHeRG88smaint 6F ai m 59
or claim®60, wherein the alkali netal hydroxide is selected fromthe group

7 ubi i um hydrou Rt h e RO erE SORHTR RingPout RREDR TR &Y ne ™

r ubi di um hydr oxi e"process of cC int i ne

earth netal fy i.de i nesi um hydr oxi de. 63. The process of any one of
clainms 59 to%gg?}?%ggeé%eﬁpﬁ%'one or nore nononeric conpounds sel ected from

the group consisting of niobium tantalum 10 and urani um contai ni ng
conpounds further conprise an alkali nmetal. 64. The process of claim 63,
wherein the alkali netal is selected fromthe group consisting of lithium
sodi um pPot assi urd&nkhernibtass ohanyi@eas claihe3) otk sdierdin theycolipidalbf cl ai ns 59
to 64, wherein the one or nore dispersed hydrated polyneric conpounds are
sel ect ed fr cspdnsioghasipreimed sdtomg of i sopol yni obat es, i sopol yt ant al at es,
i sopol yuranat es, heteropol yni obates, heteropol ytantal ates, and

het er opol yuranates. 20 66. The process of any one of clains 59 to 65,
wherein the dispersing agent

59. A process for preparing a stable colloidal suspension comprising:
mixing, under agitation, (a) an aqueous solution comprising one or more
10 monomeric 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 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
15 amajor amount of a dispersed hydrated polymeric 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.

20 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 thalliom hydroxide.
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I's selected fromthe group consisting of polyal kyl ene succini c anhydri des,
non- nitrogen containing derivatives of a polyal kyl ene succi nic anhydri de
and m xtures thereof. 55 67. The process of claim®66, wherein the

pol yal kyl ene succi nic anhydride is a pol yi sobutyl ene succinic anhydri de.
68. The process of any one of clains 59 to 67, wherein in the step of

m xing, 5 under agitation further conprises a detergent. 69. The process

of claim 68, wherdi MHelpeodtes f &Rt 59 6r daiffeb@ Iwierdih Gieatllieli nfétal ljdeopdecess of
claim69, wherein the netal sulfonate is a | ow overbased 10 netal or

neutral metal sqettéPREhehe drbup -Ebﬁsiﬁfg%ccﬁ%i% 15RO Dodidh By &ioRidche et al

sul fonate is a cal ci um sulfonhat e.
potassium hydroxide and rubidium hydroxide.

5 62. The process of claim 61, 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, tantahum,

10 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 lthium, sodium, potassium and rubidium.

15 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.

20 66. The process of any one of claims 59 to 65, wherein the dispersing agent
15 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

10  metal or neutral metal sulfonate.

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

sulfonate.
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