METHODS AND COVPOSI TI ONS FOR REDUCI NG VVEAR | N | NTERNAL COVBUSTI ON ENG NES
LUBRI CATED WTH A LOW PHOSPHOROUS CONTENT BORATE- CONTAI NI NG LUBRI CATI NG
OL Field of the Invention This invention is directed, in part, to nethods
and lubricant conpositions for reducing wear in internal conbustion

engi nes lubricated with a | ow phosphorous content lubricating oil. The

| ubricant conpositions of this invention conprise a synergistic

conbi nati on of an anti-wear effective amount 5 of a di spersed, hydrated

al kali metal borate and at | east one oil-sol uble, phosphorous-contai ning,
anti-wear conpound wherein the total phosphorous enployed in the
conposition is no nore than about 0.08 wei ght percent based on the total
wei ght of the conposition. 10 References The follow ng references are cited
in this application as superscript nunbers: 1 Buckley, 111, Long Chain
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200-01-1881 (2000) 5 Baungart, et al, Lubricant Additive Fornulation, U S.

Pat ent
‘ Field of the Invention

This invention is directed, in part, to methods and lubricant
compositions for reducing wear in internal combustion engines lubricated with
a low phosphorous content lubricating oil. The lubricant compositions of this
invention comprise a synergistic combination of an anti-wear effective amount
5 ofadispersed, hydrated alkali metal borate and at least one oil-soluble,
phosphorous-containing, anti-wear compound wherein the total phosphorous
employed in the composition is no more than about (.08 weight percent based

on the total weight of the composition.

10 References
The following references are cited in this application as superscript

numbers:

! Buckley, III, Long Chain Aliphatic Hydrocarbyl Amine
15 Additives Having an Oxyalkylene Hydroxy Connecting Group, US Patent No.
4 975,096, issued December 4, 1990
2 Buckley, Methods and Compositions for Preventing the
Precipitation of Zinc Dialkyldithiophosphates Which Contain High
20 Percentages of a Lower Alkyl Group, US Patent No. 4,495,075, issued January
22,1985

3 Beck, et al., Impact of Qil-Derived Catalyst Poisons on FTP
Performance of LEV Catalyst Systems, SAE Technical Paper 972842 (1997)
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5 No. 5,962,377, issued Cctober 5, 1999 6 Adans, Synergistic Conbination of
Hydr at ed Potassium Borate, Anti-wear Agents, and Organic Sul fide
Antioxidants, U S. Patent No. 4,089,790, issued May 16, 1978 10 15 Adans,
Synergi stic Conbi nati on of Hydrated Potassium Borate, Anti-wear Agents,
and Organic Sulfide Antioxidants, U S. Patent No. 4,163,729, issued August
7, 1979 8 Stoffa, et al -Johﬁ%r@%teﬁ.,gﬂ‘@«!tpa Dl TahRBnihoks bApr oved Gear
Per f or mance |nE,ﬁgglgy&ﬁg§zIWbLg¢;‘§,pe VoniclAl $AE zb@JO_ISI_,g@:ﬁg , Issued June 3,
1997 9 C ark, Autonotlve Friction Reducing Conposition, U S. Patent 20 No.

4,534,873, issued August |, of -abo e her ei n
incorporat%d biﬁ g%@ﬂ%&nga}iggﬁlgug@:?%?%@%% eug%%’ Q)‘if’?ﬁ?g ngs i f each
i ndi vi dual r ef 3P eht® s SSHE P50y |=$ and i ndividual ly indicated to be
incorporated by refgrence.in its entirety. State of the Art Em ssions
arising from aut ormGtei ve %Q%§¥”4ﬁ&’§t‘6€8ﬁ¥ﬁ‘” %BF@H‘;?’F’WP‘?@V%I decades and
approaches f orBaats dgsiegr dpnys, g SIrenin aylide deriagidanis nid-S- Batepishlo of

unl eaded fuel 4.98,dhlissu¢dMpzdd, 198t h | ead enissions arising from | eaded
fuel s), oxygenated fuel (to reduce hydrocarbon em ssions), the use of

catal ytic converters (aAdand, SyneghuteChpiinatan bpHydutsiPons)um et C.

Catal ytic convBs#hes SnflhieaP dbents)iand (ahhiy Selfide oyidxibii, 1JBS BhieNENSS power ed
vehi cl es and theseidd edseicxugist thege converters is directly related to the
ability of the catalyst to effect conversion of unburnt or partially burnt

o 0bl om arsi ng. w1 phe o et b IRl ek PSRl BB OBLET - e
cat al yst resqlg;;; Oﬁﬁiafﬁe T gg‘ﬁgtéongé?gﬁlyssgf %:‘%Eeélﬁie\%(':y’&%ﬁn%’eméggggl'li)yet%’c
|

converters ar tended 40 for extended use, catalyst poisoning results in

hi gher |evels of atjrospheric ) o ) .
Clark, Automotive Friction Reducing Composition, U.S. Patent

20  No. 4,534,873, issued August 13, 1985

All of the above references are herein incorporated by reference in
their entirety to the same extent as if each individual reference was specifically

25  and individually indicated to be incorporated by reference in its entirety.

State of the Art

Emissions arising from automotive exhaust has been a problem for

several decades and approaches for addressing this problem have included the
30  use of unleaded fuel {to deal, in part, with lead emissions arising from leaded
fuels), oxygenated fuel (to reduce hydrocarbon emissions), the use of catalytic

converters (also to reduce hydrocarbon emissions), etc.

Catalytic converters are now universally employed with gasoline
35 powered vehicles and the efficiency of these converters is directly related to
the ability of the catalyst to effect conversion of unbunt or partially burnt
hydrocarbons generated during combustion to carbon dioxide and water. One
problem arising with the use of such converters is poisoning of the catalyst
resulting in reduce catalyst efficiency. Since catalytic converters are intended

40  for extended use, catalyst poisoning results in higher levels of atmospheric
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-2 discharges of pollutants frominternal conbustion engi nes over prol onged
periods of tine. In order to mnimze such poisoning, the industry has set
standards for 5 both fuel and l|ubricant contents. For exanple, standards
for fuels have included the use of unleaded gasoline in order to avoid | ead
poi soning of the <catalyst' as well as |lead discharge into the environnent.
As to the | ubr disekgss ofpetlatats fioneintemmdl lcymbustioardnkineovargpreldageissed by 10
i ndustry standards, i s .t he phosphorous-containing additives used in

| ubri cant conpB¥iads BEQH@nployed to lubricate internal conbustion engines.
Specifically, phosphorous-containing additives reach the catalytic
converter as a result of, for exanple, exhaust gas recircul ati on and/ or

oi | bl ow by pr ocesshsorder tamtihingige suwhipeisoninghthd sndustywhas set staedads forSee, for

exanpl e, al nson 15 al.. 3,4 v hosphor ous
e Lo s chiih e and Ml SRRy For e M R BT o ot o
sites; thus reﬁumﬂaﬂﬂfé%@bf’&ﬁleﬁfeﬂlﬁﬁi&]ﬂém i toerBﬁm%hd/ﬁd)ixoxﬁﬂgmﬂlwe

poi soni ng the cat al a resu of the above, a new focus is to | ower

phosphor ous i ncataigst] asowelbas leadydisehasge intrthegmvipinenent.he draft G- 4
specifications for |ubricant conpositions have proposed significantly 20

| ower phosphorous contents than heretofore enployed A problem arises when
the level of phosphAs authe ubricaitsiand additiee fdAmily te-fontly beffipagidtdssed tgont ai ni ng
an oil -sol ubl e, phosphorous-containing, anti- wear conpound in that there

is a signifd c andustyandars 15 the RResph MP”CQ@HH&&W%%é‘S%WPWaﬂFomth| s
di mnution in | C At | ar
additives are netaaﬁgFﬁﬁﬁBﬁg ﬁhtggéﬁigﬁgg?gpF@ﬁ%?wghﬁgﬁdlEgﬁﬁﬁ&ﬂ@@

di t hi ophosphatlﬂmspth)lmknoataéxﬁggaédﬁ%s;remhih@yﬁaﬂyﬁucdmtﬂﬁecaﬁziregulobf,s at

- phosphorous | eyvel s ahove .% wei ht1 erce mq$g)uEed for wear control. At
| over |evels, 4" oexhdisheess ROEPEEE P PEVERY PIWESRS 8UWF PYe. For
instance, 30 ash&@tRRbdsiingdnheuRidk. W eRnpIBERERY &Y al OfnddbRSRROLOUS due
to the presence, of the zinc dlthlophosphate additive in a |ubricant

conposi ti d& byaldhdn aay event,mbasmhonns inksiqym topsremnlatetio the G4dyiei ght per cent
phosphorous %Hllér?er 284 at active metal sites; thus reducing catalyst efficiency and

effectively over time, poisoning the catalyst. As a result of the above, a new
focus is to Iower phosphorous in the lubricating oils. For example, the draft
GF-4 specifications for lubricant compositions have proposed significantly

20 lower phosphorous contents than heretofore employed.

A problem arises when the level of phosphorous is reduced in a
lubricant composition containing an oil-soluble, phosphorous-containing, anti-
wear compound in that there is a significant reduction in anfi-wear

25  performance arising from this diminution in phosphorous content. One well
known class of anti-wear additives are metal alkylphosphates, especially zinc
dialkyl dithiophosphates, which are generally employed in lubricating oils at
phosphorous levels above 0.1 weight percent when used for wear control. At
lower levels, it is not found to be an effective anti-wear additive. For instance,

30  as exemplified herein, lowering the level of phosphorous due to the presence
of the zinc dithiophosphate additive in a lubricant composition by one-half
from 0.095 weight percent to 0.048 weight percent phosphorous results in

about a seven-fold increase in engine wear.
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about a seven-fold increase in engine wear. -3 This invention is directed
to the discovery that |ubricant conpositions conprising a conbination of a
conpl ex of a dispersed, hydrated, alkali nmetal borate and |ow | evels of
one or nore oil-soluble, phosphorous-containing, 5 anti-wear conpounds
synergistically reduce wear |evels when used to |ubricate gasoline
engines. Wth regard to the above, |ubricant conpositions conprising both
nmet al di al kyl dithi ophosphates and borated esters of sulfonic and

carboxylic 10 aci dsThis&vgniden issligcled to thedissgyerythat lhricantmempesitiggs

5,962,377.5 A ' : i b I r hricants have
previously enp oQggﬂ@%%%?ﬁ%#@%ﬁéﬁggkﬁk%é%ﬂﬁFﬁ d%ﬁb ﬁ%@aéﬂ%ﬁgg§ﬁginc

di hydr ocar byl tirathiang hes [ralses oandr ingch @l-sxdubla) akphoraisadonkimiages. 6, 7, 8
Such 15 conpositions can enpl oy up.tﬁ 5 meiqpt ?erfe t of the phosphorus
conpound6, 7 ordntiyWegrgampgundssynasgtstically refuce wear leyglsvghon Usgd ht  percent of
the phosphor ughLGORPLIBARe bifidscant conpositions containing a conbination
of three extrene 20 pressure, anti-wear agents conprising a dispersed,
hydr at ed potassi um borate, an antinony dithi ophosphate and a |iquid

chlorinated paraff i@('tﬁr e di Ec ost by g ar k.9 Sﬁgh composi t io S can
conprise up to 1.4 8 ﬁﬁ%a.r‘i).or ERYOCE utbﬁlé’an SRTPRY ynsd‘f r%?brf’go[%gﬂat e in the
finished | ubrigant digRyPOsiépHIphats WMV &derd bEsul MENDIGMbosyRet ed above,
this invention is directed, in part, to |ubricant cogpq5|t|ons conpri sing
a conbi natlfon asfdsareifisgeseddn, fongxpnzpled). SaPRani NS ¥12.3™or at e and at | east
one oil-sol ubl e, phosphorous-containing anti-wear 30 conpound wherein the
total phosphorous enployed in the conposition is no nore than about 0.08
wei ght percent basetdditiondly, finttadnah8ugh useftl dshgear lnbriposs hdven. Thi s
conbi nati on of additives synergistically reduces wear -4 )

previously employed combinations of phosphorus compounds such as zinc

dihydrocarbyl dithiophosphates and hydrated, alkali metal borates.>® Such

15 compositions can employ up to 5 weight percent of the phosphorus
compound® or, in the case of Stoffa, et al.®, up to 4 weight percent of the

phosphorus compound.

Lubricant compositions containing a combination of three extreme
20  pressure, anti-wear agents comprising a dispersed, hydrated potassium borate,
an antimony dithiophosphate and a liquid chlorinated paraffin are disclosed by
Clark.® Such compositions can comprise up to 1.4 volume percent of the

antimony dithiophosphate in the finished lubricant composition.

25
SUMMARY OF THE INVENTION
As noted above, this invention is directed, in part, to lubricant
compositions comprising a combination of a dispersed, hydrated, alkali metal
borate and at least one oil-soluble, phosphorous-containing anti-wear
30  compound wherein the total phosphorous employed in the composition is no
more than about 0.08 weight percent based on the total weight of the

composition. This combination of additives synergistically reduces wear



| evel s when used in |ubricant conpositions to |ubricate internal conbustion
engi nes. Accordingly, in one of its conposition aspects, this invention is
directed 5 to a lubricating oil conposition conprising a najor anount of
an oil of lubricating viscosity, at |east one oil-sol uble,

phosphor ous-cont ai ni ng, anti-wear conpound wherein the weight percent of
total phosphor wslsiwhehhBedmriphidant compsitioms o hubricith antemabedmBlis@8n wei ght
percent based on.the total weight of the conposition; 10 and an anti-wear
ef fective amouft8BT- a di spersed, hydrated, alkali metal borate. In a
preferred enbodi nent, the total phosphorous in the conposition.is 15 no
nore than 0.06 and even nore preferably no nore than about 0.05 wei ght
percent based on tAecardingly, wedugaf itsfcontpesitionpersictsi s inPerdicariairgcted he
oil-solublg; p OSBEOEQ“S'C@Ptai”Q“ﬁ1 ant.i-wear . co lﬁgng i s..selected from
the group consi’t'RY“GFEE éPMHF{ﬁ'58ﬁ3§§ﬁ§?é§¥°§%g% hAPHGE esters
(i'ncl udi ng phorphiaitafy vihegphonat es, phosphi nates, phosphi ne oxi des,

phosphi t es, phosphonites, phosphinites, phosphines and the 1|ike), am ne
phosphat es and ani #de#heagpeil-feltbls, pprhq;pua:W%tmﬁEn@H-wﬁ@wﬁwn% esters

i ncl udi ng phos ' e hﬁﬂg ;
phosphoranideéﬁﬂgﬁgggggﬁgg#gggggﬁga?ﬁgngﬁﬁgg&%ﬁ?g&%gé erggﬁﬁfnggu¥%e
phosphor ous- cothtanbeut . (8o ghirpebréent basp@ va khedbtahivejphospiheticempositiogven nore
preferably, a zinc dithi ophosphate. In another preferred enbodi nent, the

di sper sed H&drﬁl d alkali metal borate is present in an amount of from

about 0.2 to aboutmﬁaﬁe@wmfﬁeﬁ@@a}hoﬂ&ofiQdfsB@rs%chghrgvg gfthli Herdihe 1 ubricant

conposition and, even nore preferably, from abou to 2 wel ght percent.
-5 Preferably,barhte. di spersed hydrated al kali netal borate is a dispersed
hydr at ed pot assi um borate.

In a preferred embodiment, the total phosphorous in the composition is
15  no more than 0.06 and even more preferably no more than about 0.05 weight

percent based on the total weight of the composition.

Preferably, the oil-soluble, phosphorous-containing, anti-wear
compound is selected from the group consisting of metal dithiophosphates,
20  phosphorous esters (including phosphates, phosphonates, phosphinates,
phosphine oxides, phosphites, phosphonites, phosphinites, phosphines and the
like), amine phosphates and amine phosphinates, sulfur-containing
phosphorous esters including phosphoro monothionate and phosphoro
dithionates, phosphoramides, phosphonamides and the like. More preferably,
25  the phosphorous-containing compound is a metal dithiophosphate and, even

more preferably, a zinc dithiophosphate.

In another preferred embodiment, the dispersed hydrated alkali metal
borate is present in an amount of from about 0.2 to about 5 weight percent of
30  the total weight of the lubricant composition and, even more preferably, from

about 0.5 to 2 weight percent.



In one of its method aspects, this invention is directed to a nethod for
.5 control ling wear during operation of an internal conbustion engine,

whi ch et hod conprises operating the engine with a |ubricant conposition
conprising a major amobunt of an oil of lubricating viscosity, at |east one
oi | - sol ubl e, phosphorous-containing, anti-wear conpound wherein the weight
percent of total phefpdtdy,ehsdisperiddehydioapbsikali artdl bore Wardispeirad about 0. 08
10 wei ght percent based on the total weight of the conposition, and an -
anti-wear ef f BYdrpige PaldBNE beFaley dj spersed, hydrated al kali netal borate.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 This invention is directed, in
part, to novel lubricant conpositions conprising a conbination of a

di spersed, hydr at eIil caiekxflitis nmthical asbentattm'siamtntim 1s| dzsted dm e nwithodsiot ubl e,

anti - wear, ous- talnln und %gﬁrelg the t.otal Ehosphorous
enpl oyed i th “(‘5‘"8 Vf'ff"ir HHT‘%O R\ tptign engiap.gkhiche cent

based on the tgkabd\d6in ?H&es%eltaﬂﬁ %rﬁﬁ@ﬁiet\iflﬂﬂa Iu%@icﬁﬁ(ébm?f)sﬁlbﬂ?se conponents
in the claimed conposition wl % describ in detail herein. However,
prior to such ePretsg pmalen amphet Cff@nlmfdgbrtcett%vwwty, #tileast oppeoiffef | ned. 25
The term "an o | I ho Ak ound"
refers to addlst|h<1/b§a§’p|tIIB H%bf)ér{llsccg)ﬁ@%u%%p%g{s}?fl oﬁéI {}(%_u} coéﬁ%lﬁﬁﬁép sphor ous and
whi ch exhi bi t p@c@nbftomghodpﬁaﬁfusﬁnthelcbhtpbsmb@isaldxmmam alsad0i08

combination wth other additives Ehgr ation of an internal
conbust i ontlengiveightreagenf Based eaﬁhecfafaéafevah(f CRIROFILI AR, 30 AP BBIFEi ti on.

The phosphoro ral to the additive.
The term "tot aansffé;(): g‘i%ﬁ%‘#‘g(&gggﬁjﬁg%ﬁg@% 'Eiyfﬁ{ﬁﬁéﬂ% anouﬁe? of phosphorous in
the |l ubricant conposition regardl ess of whether such phosphorous is present
-6 as part of an oil-sol uble, phosphorous-containing, anti-wear conpound or
in the formof a contamnant in the |ubricant conposition such as residual

phosphorous renai ni ng PLEAIOED TPESCRIEIFONGF RZED INVEN FXOWT epar e net al

15 This invention is directed, in part, to novel lubricant compositions

comprising a combination of a dispersed, hydrated alkali metal borate and at
least one oil-soluble, anti-wear, phosphorous-containing compound wherein
the total phosphorous employed in the composition is no more than about 0.08

welght percent based on the total weight of the composition.

20
Each of these components in the claimed composition will be described
in detail herein. However, prior to such a description, the following terms will
first be defined.
25 The term “an oil-soluble, phosphorous-containing, anti-wear compound”

refers to additives in lubricant compositions that contain phosphorous and
which exhibit an anti-wear benefit, either alone or when used in combination
with other additives, during operation of an internal combustion engine that is
lubricated with such a lubricant composition. The phosphorous in such

30  additives is typically integral to the additive.

The term “total phosphorous™ refers to the total amount of phosphorous

in the lubricant composition regardless of whether such phosphorous is present

_6-



di hydr ocar byl dithi ophosphates. In either event, the anmount of phosphorous
5 pernmitted in the lubricant conposition is independent of source.
Preferably, however, the phosphorous is part of a lubricant additive. THE
HYDRATED ALKALI - METAL BORATE Hydrated al kali netal borates are well known
in the art. Representative 10 patents disclosing suitable borates and

met hods of manyy dffaﬁ dllnéﬂlﬁlﬂé h &oro@ﬂioﬁfﬁmﬁ%sami?wéﬂ30r¥1§<?und?0r$ﬁ9 521,
3,853,772; 3,91 997, 45LP and 4,089,790 all of which are

i ncor por at ed h@ﬁéﬂbrm @5@ satanisasidnithe uhacant évawé&i(yl suFhas rﬁ;;uiuak ed al kal i

met al - bor at es i le for.u R be
r epr esent ed byﬁ}%ﬁéﬁ%&ﬁ rg%%g %g%eetPéFgPoF&nég%Pi%agg@}% ere| n Mis an
al kal'i metal, dihgdrocabihditiuphosptatesp b sifler 6vgnt Xhé amaumtwﬂphbsphbfcmm 2.5 to

4.5 (both whole and fractlonal); andy .is.a nunber from1.Q0 to 4,8. More
preferred are RUWEIHERAIR Shciyb ﬁ%ggma?ﬁlww&epemf plsomgget yrefpebly dr at ed 20

potassiumtri %@év‘é?t If}g)sém%an %aﬁ]%grgt(l)ﬁ)r%ﬁttdtﬂﬁe% will generally have a

mean particle size'o al kali metal borates
enployed in this invention, the ratio of boron to alkali netal wll

preferably range from X 4 5 % i spersions of
hydrated al kali netal a’@ﬁiﬁﬁi’@%@i’n@%%ﬁ E?orn‘i ng, in
dei oni zed water, a§hietiafAliGhetdl boRhtes FBHAN MRSIMAN kiskeard REPRBEAtSLiveAC] d,
optionally in the presence of a small anount of the correspondl ng al kall

metal car H@natl@teﬂtﬁhélscd@?mg Fwwblesbqrﬁéhmmﬂéthodwfanmﬁ@qwamc ition 30
compri Sing. AN ol Llosl ¥R11 9518041003573 620 3305 3Ad ATy bt onal

addi tives to be THEI ent’; er optional

addi tives) to4689, 1900411 @FWlIuEhQﬂ: ihbsboratedtheesin U hefekend il their efdizerguse of
their retention of hydroxyl groups on the borate conplex, these conpl exes
are referred to as "hydrated al kali netal borates" and conpositions

contai ning oi | / wat-fe 15/aued AR Metdi BESFesMALAL B waL kAL pELA
15 invention can be represented by the following general formula:
M;0+xB203+yH,0
wherein M is an alkali metal, preferably sodium or potassium; x is a number
from 2.5 to 4.5 (both whole and fractional); and y is a number from 1.0 to 4.8.
More preferred are the hydrated potassium borates, particularly the hydrated
20 potassium triborates. The hydrated borate particles will generally have a mean

particle size of less than 1 micron.

In the alkali metal borates employed in this invention, the ratio of boron

to alkali metal will preferably range from about 2.5:1 to about 4.5:1.
25 '

Qil dispersions of hydrated alkali metal borates are generally prepared
by forming, in deicnized water, a solution of alkali metal hydroxide and boric
acid, optionally in the presence of a small amount of the corresponding alkali
metal carbonate. The solution is then added to a lubricant composition

30 comprising an oil of lubricating viscosity, a dispersant and any optional
additives to be included therein (e.g., a detergent, or other optional additives)

to form an emulsion that is then dehydrated.



borates are referred to as "oil dispersions of hydrated al kali netal
borates". 5 Preferred oil dispersions of alkali nmetal borates will have a
boron to alkali metal ratio of about 2.5:1 to about 4.5:1. In another
preferred enbodi nent, the hydrated al kali netal borate particles generally
will have a mean particle size of less than 1 micron. In this regard, it

has been found t haBedalsd Sithély ehté@itidgl ohkélokylnRb@ls diahebeteesmMpyed in this
invention preferably will have a particle size where 90% or greater of the

particles are Pe¥compleree a refamed dnas “hydratstealial metab perptes'oAtdi  hydr at ed
al kali met al b&r thgio%ggoﬁ%f%ﬁ%tcﬁﬁwﬂe}(@fhﬁlsioﬁ 0 E%th)@ngt?% Qg%ﬁ Metagener ally

conpri se about we percent, preftera wel ght percent,
nor e pref er ablyoraboarte radrtd tolds <ol disptergimsod hydmfedtalianli hethbbormes’yht of t he
oi | di spergi on of the hydrated borate. (Unless otherwi se stated, all
percentages are in weight percent.) This conposition or concentrate is

enpl oyed, often in pRened ol @perfomdtalkiak ndda BRI willhave aBokdiftof | Ni shed 20
| ubri cant conposition. Sufficient anbunts of the concentrate are added so

that the fi niakadume@abratioafebay ot iq dtont p6df dnanotherpafsriedes from about

0.2 to about 5 .. gqht rcent of the total weight of the Lubricant
conposition aneél}%é@%%%lllg&rﬂﬁegfa@fai'brpﬁt? olr%t&p%%i]ets gﬁpfgaﬁ%wﬁa@{eﬁt percent.
25 The | ubri caféancui@s kit ONEsHthah Ninsiciony & tHiOkos@Nit s boarfoandinay
surfactants, det e;(%ents ot her dispersants and ot her conditions as
descri bed 10heltBaiudrater sl ragakhosaes emplpyetinithis iryention prefarablymilldi sper si ons

of hydrated al I . I j Qiﬁ I i generally
conprise a di sﬂég%:gg%%ﬂasﬁ&gﬁgﬁérgéoﬁﬁr%g%az%drt;ghet| sc‘ggﬁo,%?}&gﬁ%&l 0gép]ti onally a
det ergent. -8 midEorBHOSPHOROUS- CONTAI NI NG COVPOUND Preferably, the

oi | -sol ubl e, phosphorous-containing, anti-wear conpound enployed in the
conpositions and nethods of this invention is selected fromthe group

consi sting of neta gl $iDERPAGISR BANLERateR AR RV AWIrate, the hydrated alkali

15  metal borate will generally comprise about 10 to 75 weight percent, preferably
25 to 50 weight percent, more preferably about 30 to 40 weight percent of the
total weight of the oil dispersion of the hydrated borate. (Unless otherwise
stated, all percentages are in weight percent.) This composition or concentrate
is employed, often in the form of an additive package, to form the finished

20 lubricant composition. Sufficient amounts of the concentrate are added so that
the finished lubricant composition preferably comprises from about 0.2 to
about 5 weight percent of the total weight of the lubricant composition and,

even more preferably, from about 0.5 to 2 weight percent.

25 The lubricant compositions of this invention can further employ
surfactants, detergents, other dispersants and other conditions as described

below and known to those skilled in the art.

The oil dispersions of hydrated alkali metal borates employed in this
30  1invention generally comprise a dispersant, an oil of lubricating viscosity, and

optionally a detergent.



5 esters (including phosphates, phosphonates, phosphinates, phosphine

oxi des, phosphites, phosphonites, phosphinites, phosphines and the |ike),
am ne phosphat es and am ne phosphi nates, sulfur-containing phosphorous
esters including phosphoro nonot hi onate and phosphoro dithionates,
phosphor ani i des, phosphonam des and the |ike; all of which are well known

~in 10 the art. More mﬂmernmswﬂonemmmcmmmwmonpound is a
netal dithi ophosphate and, ’g ngg {Ierabl y, .a. zinc_dithiophosphate.
Most  preferably, thet %%&ﬁh‘b? gelu nPléﬂSH HGUETERSYDITE YW e di al kyl

di t hi ophosphat g, le gi%ﬁ%‘?‘%ﬁ‘é: 0 én%ﬁrhaﬂﬁﬁ%?%gﬁﬂ%nﬁ&k gcted from C3

to C13, branched ‘or str on groups I ncluding mxtures thereof
15 Even nore psebdceddiodme Ihetgreug)m;shog oﬁmetabdﬂlaophqsghaicﬂ;pbmpﬂorwsm nc(11)

bi s(0, 0" -di-(2- 1 1.4~ ent t t hi hate. Th t al
G £ hi ophos e ST aCAEE iR Dahepbted, PhOPR TR p € altsd 1 1 |
wherein each %ﬂo%?m&@le}ﬂ@@ﬁiﬂmthy pﬁoih‘hﬂﬁfé@%ﬂh@yﬂhlﬂds%(@ tEOREe)] Ahing from 3 to

about 13 carbon a Mis a netal, an i's an integer equal to the

val ence of M_ snhaéewdmmwsplgn@gwulﬁn—cqntmmg pHosPhpEyRGsieat e (or as

S eyt ol byt BB ARl ARRY R Rbp Ao B GRe B8 Ky (B o
substanti al | y ghodplaganties p@bmnmﬁide§mdﬂhamkstalmmeh aywélbkasimaint i al | y

hydrocarbon" is nmeant hydrocarbons -9 that contain substituent ?roups such
as et her, l@st dhe afj Moge pEﬁferﬁlélb’o@éﬁ hogpheypuggontaining compound is a meta

dithiophosphate and, even more preferably, a zinc dithiophosphate. Most

preferably, the phosphorous containing compound is a zinc dialkyl

dithiophosphate wherein the alkyl groups are independently selected from C3

to C13, branched or straight chain carbon groups including mixtures thereof.
15  Even more preferable, the phosphorous containing compound is zinc(Il)

bis(0,0’-di-(2-butyl/4-emthyl-2-pentyl) dithiophosphate.

The metal dithiophosphates are characterized by formula I:

RO}

/

RO

20 - L
' I

—S— M

wherein each R is independently a hydrocarbyl group containing from
3 to about 13 carbon atoms, M is a metal, and n is an integer equal to the
valence of M.
25
The hydrocarbyl groups, R, in the dithiophosphate (or as described
elsewhere in this application) can be a C3 to Cy3 alkyl, Cs to Cy3 cycloalkyl, C;
to C3 aralkyl or C; to C,3 alkaryl groups, or a substantially'hydrocarbon group

of similar structure. By "substantially hydrocarbon” is meant hydrocarbons



not materially affect the hydrocarbon character of the group. Illustrative
al kyl groups include isopropyl, isobutyl, n-butyl, sec-butyl, 5 the
various amnyl groups, n-hexyl, nethyllsobutyl carbinyl, heptyl, 2

et hyl hexyl, diisobutyl, |sooctyl nonyl, behenyl, decyl, dodecyl, tridecyl,
etc. Illustrative |ower aIkyIphenyI groups i nclude butyl phenyl,
aﬂylphenyl, hﬂﬂtMhmhﬂsmknnethnﬁyﬁmmhhkwhmgEﬂmpaﬂhLbehﬂsgmﬁwhmhdefuI and

t hese include chiefly. cyglohexyl t he | ower_ al kyl -cycl ohexyl radicals.
Many subst |t ut 801 MECRA s WoRVEroaunen ARYSHPLY BoBuRd. o g,

chl orophentyl, dichlorophenyl, and dichlorodecyl. In another enbodinent,
at | east one R group is an |sopropyl or secondary butyl group. In yet
anot her enbodi nent , Illstr#ivR egl}{}dlgwpantmludbﬁsmmddawbutldl putyrssepstyhhe

phosphor odi t hi gi ¢ aC|ds f.r om whi he %% this

Pivent | on st o BPaBaPECmH S ™o e By o es CaPdh R asbr by
phosphor odi t hl ath$ihasil d&iseBstyloabtys dbhl, béidylp aes8sBascylofidpey@ sl ng such
20 acids and sal?séﬁﬁe fogﬂg in, for égé y &§¢ Pat)ﬁNos 4,263, 150;

4,289, 635; 4, Blystratbs:; Iowaprdalhylnllenybg@upmé baw@hegylaﬁ@ym@ﬂy i ncor por at ed

by reference are
typically prep%&@ggﬁ%@ he réﬂﬁ#mgﬁ (;Egggg%ﬁ Q&H%ggﬂghgg% asuﬁglde with an
al cohol or phegitfipeyciohekirand thd loadee alkgl-syciohtk ol ragieeln o Miany Enbstitgtad t i on

i nvol ves four no|es of the al cohol or phenol per &%Lngi HQ?S Qorous

pent asul f i, WO%RPWO%WMSW Usgel 8 CHIREOPheRiyh dichHarPRIen ge from
about 50C to &%@ cylhus, the preparation of 0,0-di-n-hexyl
phosphorodlth|0|c aC| voIves the reaction of phosphorous 30 pentasul fide
wi th four noles of n hexyl al cohol at about 100C for about two hours.
Hydrogen sulfide is rate nd t sidye is the.defined acid. The
preparation of the W\?Pﬁf SE PO ‘ﬁ’F’ P‘hF‘% %Pae#ﬁow%’flﬂ%%{%ﬂi’?s& reaction with
netal oxide. SigPhdary'h an dihef khdtBerlN@Rirhed), BARR! @0hyss 4r6 sufficient to

-10 cause the reaction ?o take place and the resultlng product is
suf fici entldy pigeendary alkyl groups.

The phosphorodithioic acids from which the metal salts useful in this
invention are prepared are well known. Examples of dihydrocarbyl
phosphorodithioic acids and metal salts, and processes for preparing such

20  acids and salts are found in, for example, U.S. Pat. Nos. 4,263,150; 4,289,635;
4,308,154, and'4,417,990. These patents are hereby incorporated by reference

for such disclosures.

The phosphorodithioic acids are typically prepared by the reaction of
25  phosphorous péntasulﬁde with an alcohol or phenol or mixtures of alcohols
and/or phenols. The reaction involves four moles of the alcohol or phenol per
mole of phosphorous pentasulfide, and may be carried out within the
temperature range from about 50°C to about 200°C. Thus, the preparation of
0,0-di-n-hexyl phosphorodithioic acid involves the reaction of phosphorous
30  pentasulfide with four moles of n-hexyl alcohol at about 100°C for about two
hours. Hydrogen sulfide is liberated and the residue is the defined acid. The
preparation of the metal salt of this acid may be effected by reaction with

metal oxide. Simply mixing and heating these two reactants is sufficient to

-10-



for the purposes of this invention. The netal dihydrocarbyl

-di t hi ophosphates that are useful in this 5 invention include those salts
containing Goup | netals, Goup Il netals, zinc, alumnum lead, tin,

nol ybdenum nmanganese, cobalt, and nickel or mxtures thereof The Goup Il
metals, zinc, alumnum tin, iron, cobalt, |ead, nolybdenum manganese,

ni ckel and coppfke HeGetBAYD (A8 E{c@%ﬁ&ﬁﬁ%ﬂﬁﬂ@éﬁmdu@iﬁﬁlfﬁ&@mﬁpﬂ%r ei ther
al one or in conbination are espgm all'y useful netals. 10 Especially

preferred is zfonthe puiponse obthioiivendion, t he | ubricant conpositions of the
i nvention contain exanples of netal conpounds which maybe reacted wth the
acid include lithiumoxide, |ithium hydroxide, sodium hydroxide, sodium

carbonat e, potassi uThdietapdihgarsocRdiPaithitPRospliddathitere delfvlan tlaxi de, _
magnesi um oxi de, nmagnesi um hydroxi de, cal ci um oxi de, zi nc hydroxi de, zinc

15 oxi de, st r oWvertianHyeipdsihgse salts gantaimngGenap Iangial.(pronp 4t wrialezingar | um
i do. ol um e _ | . _ | do.
T huryl at o, MuELAE 1S B8, HEHBMALE e BRRRL CONEN A il SAARNE 2 OB,

| n sone i nst anthesof.t Tiee Growpripateails, aimcpflutdmingitin, irogreethieriesl, such as 20
smal | anmpunts of gge netal acetat.e ?r GSlceti c acid | aci gelr%e i n _conjunction
with the netalohbdenuanmapepneseucksl pnd gopnseare Rrsterted uatR1Si n an

i nproved pr_OdZﬁiEant'f@tgpﬁfa(@i@ﬁ?:lrfilonter&?iry&ﬁnﬁﬁatm 40 3ROy R¥RImEhRC acetate
in conbination with the required anmount of zinc oxide facilitates the

f ormat i on 10f Bspecially predeapdtdars atict M ot emb@bBment, thedulpniaahbearapbsgmpedi nent |
the al kyl grou R, ate deri.ved from_.secpndar | cohol s such as, isopropyl
al cohol ) secordaPg yERIAn Snrn Sramees tamcaf o v S he rPaciel
2-hexanol , 3- R R aciEheludLgfiahdRide, Rbivn hi@okiekotil@imhpdrokxer e of
secondary al cohols such as 2-butanol and 4-nethyl 30 2-pentanaol.

Particul ary prefam egbepdte patessivadiyiranide, petaahen safponatarélveceridai ni ng from

about 65-75 V\Exjng esﬁ%&ﬁ&é ﬁ@gélﬁﬂ%yﬂxﬁ&, Eﬁﬁufneéﬁflé;' QEfc h%'_droxide, zing
met hyl - 2- pent anot . -
15  oxide, strontium hydroxide, cadmium oxide, cadmium hydroxide, barium
oxide, aluminum oxide, iron carbonate, copper hydroxide, lead hydroxide, tin

burylate, cobalt hydroxide, nickel hydroxide, nickel carbonate, etc.

In some instances, the incorporation of certain ingredients such as
20  small amounts of the metal acetate or acetic acid (glacial) in conjunction with
the metal reactant will facilitate the reaction and result in an improved
product. For example, the use of up to about 5% of zinc acetate in
combination with the required amount of zinc oxide facilitates the formation
of a zinc phosphorodithioate.
25
In one preferred embodiment, the alkyl groups, R, are derived from
secondary alcohols such as isopropyl alcohol, secondary butyl alcohol, 2-
pentanol, 4-methyl-2-pentanol, 2-hexanol, 3-hexanol, etc. Preferably R is
derived from a mixure of secondary alcohols such as 2-butanol and 4-methyl-
30  2-pentanol. Particulary preferred R is derived from the above mixture
containing from about 65-75 weight percent 2-butanol with the remainder 4-

methyl-2-pentanol.

-11-



Especial ly useful netal phosphorodithioates can be prepared from
phosphorodi thioic acids that, in turn, are prepared by the reaction of
phosphorous pentasul fide with m xtures of alcohols. In addition, the use of
such m xtures enables the utilization of cheaper alcohols which in

t hensel ves 5 may not yield oil-sol uble phosphorodithioic acids. Useful

m xtures of netal I r iRl i { are
obt ai ned by reacti ﬁ%p% %%H%ﬁgﬁg&p noggﬂlﬂrﬁlgﬁéaym&&gﬁggﬁ%%ﬂeﬁgﬁo (a)
i sopropyl or sthoeptdasdithinit ytidathaghotum, arepiepyredbyabewhctionogint ai ni ng at

| east 5 10 carbhon atons wherein af |east 1 I ercent, preferably 20 or
25 nole per céﬁ‘P?Pl@FOQSH@HQF‘Hg%Wﬁ%HmB‘HECW%%ﬁE ?@@B%dﬁ? 4& Tohol ,
secondary but ydych #i60R8lenfMlehBinifizHiRnoFh&PEr alddibds whicHln HehReRbs | SOPT opyl
and hexyl al cohols can be used to produce 5 a very effective, oil-soluble

met al phosphormoal ndtiyield eil-sphuble phosplzovedifiveis @pids.ni xt ur es of phosphor odi t hoi ¢
acids can be reacted with the netal conpounds to formless expensive,
oi |l -soluble salts. The m xtures of al cohols may be m xtures of different

primary 20 al cohol gsefiilshifiRés sHméthlf aRs 6NdihdeORBArdithidphoktosicatidm xt ur es
of primary and secondary alcohols. Exanples of useful m xtures include:
n- but anol ~ and age obfemad by reastipg nhespberoumpemastliide with #aisyes of @sobut anol  and

n- hexanol ; i i o) 3y 9': . gﬂg

4- et hyl - 2- peﬁ?‘%ﬁ%ﬁ?%} F%@g?%ggﬁg%{hlgn S%@-(Bh%@?@él?og%ﬁo S %tp}?%‘b%nm and
i sooctyl dbcohatbonsesmbihsreinZ ledscihmblegpetcoht, pedfenbly2(partSanble et c.
Particularly useful alcohol mxtures are. m xtlures}éﬁf secondar%eal cohol s

cont ai ni ng at DeEsE% ohHspcopgl nfhe miyureds frorwopy! alpeholaesidargbutieast 40 nol e

percent of is%&gy#,raaﬁmggltherg&a preferred enbodinent, at least 75 nole
percent .of sec-butyl alcohol Is used and .preferably conbined with

4- et hyl - 2- pentanol, and nost preferably further 30 conbined wwth a zinc
metal . Particul arl referred tal di hydr ocar.bvl .phosphor odi t hi.oat es
el ude the 31 nc b bRRCERTeeorsk TR AR RE B AEHEE < o
'such zinc 1di t hivery dffective, oil-soluble metal phosphorodithioate. For the same reason,

mixtures of phosphorodithoic acids can be reacted with the metal compounds

to form less expensive, oil-soluble salts.

The mixtures of alcohols may be mixtures of different primary

20  alcohols, mixtures of different secondary alcohols or mixtures of primary and
secondary alcohols. Examples of useful mixtures include: n-butanol and n-
octanol; n-pentanol and 2-ethyl-1-hexanol; 1sobutanol and n-hexanol;
isobutanol and isoamyl alcohol; isopropanol and 4-methyl-2-pentanol;
isopropanol and sec-butyl alcohol; isopropanol and isooctyl alcohol; sec-butyl

25  alcohol and 4-methyl-2-pentaol, etc. Particularly useful alcohol mixtures are
mixtures of secondary alcohols containing at least about 20 mole percent and
preferably at least 40 mole percent of 1sopropyl alcohol. In a preferred
embodiment, at least 75 mole percent of sec-butyl alcohol is used and
preferably combined with 4-methyl-2-pentanol, and most preferably further

30 combined with a zinc metal.

Particularly preferred metal dihydrocarbyl phosphorodithioates include
the zinc dithiophosphates. Patents describing the synthesis of such zinc dithio-

-12-



phosphates include U S. Patent Nos. 2,680,123; 3,000, 822; 3,151, 075;
3,385,791; 4,377,527; 4,495,075 and 4,778,906. Each of these patents is
i ncorporated herein by reference in their entirety. 5 The foll ow ng
exanples illustrate the preparation of netal phosphorodithioates and
resul ting netal dialkyldithiophosphates prepared from m xtures of

al cohol s. Exa%c%fﬂgatésiﬂQluéb@@SPQ%E%E.tﬂg?j,f:%?@io@oi@z@,?f’ﬂ@@ by reacting a

m xture of al conprising 6 noles of "4-fethyl-2-Pentandl and 4 nol es
of isopropyl ab.38ha391; Ad1752TheIPhO7Dasd HE7RE,980 I Edclienf tise pplentsphor odi t hi oi ¢

acid then is reactedt W%%h ?n q%l SIUQ@X of..zjnc oxide. The amount of zinc
oxide in the stGPPgrated heran by 1oisEents Mo S eaor et i cal anount required to
conpletely neutralize the 15 phosphorodithioic acid. The oil solution of

t he zinc phosphorodithioate obtained in this manner (10%o0il) contains 9.5%
phosphor ous, 20. 0% g followingrexamplasddlustiste thepepplatiopef tgtal

hosbhor odi t hi o L ; .
Phosphor ous peaEtplithib e hRBS Binahels PRGI LIRS hRRMRRR. . )
(692 parts by faemghikjures ofialholpyl al cohol and 7.69 noles (1000 parts by

wei ght) of isooctanol. The phosphorodithioic acid obtained in this manner
has an acid nunber of about 178-186 and contains 10. 0% phosphorous and

21.0% 25 sul fur. This phosphorodithigig,aeigd is then reacted with an oil
slurry of zinc oxide. The quantity of zinc oxide included in the oil

slurry is 1D 10 ti nmeA phbsphotdughioat acgdis preparedberenciofg 4 méxtariaf alohbler of t he
phosphorodi thi oi c acid. The il lL.ution of e zingc..salt pr red in this
nmanner contaiﬁ?qEF%Qﬁq?m ?8§§*$ﬂ§@5#8?§ﬂ§$3%%2%%??Uﬁ?ﬂ¥?§ﬁgas%%%Jzinc. 30
Exanmpl e B3 A pRRR phe¥pRsiohfhQitssudided Thé pRIsBRGH0BRNIBY: dcRBGE RGedetdd Xt ure of
1560 parts (12 noles) of Isooctyl alcohol and 180 parts 83 nmol es) of
i sopropyl with an oil shury of zinc oxide. The amount of zinc oxide in the slurry is about

1.08 times and theoretical amount required to completely neutralize the

15  phosphorodithioic acid. The oil solution of the zinc phosphorodithioate
obtained in this manner (10% oil) contains 9.5% phosphorous, 20.0% sulfur

and 10.5% zinc.

Example B2
20 A phosphorodithioioc acid is prepared by reacting finely powdered

phosphorous pentasulfide with an alcohol mixture containing 11.53 moles
(692 parts by weight) of isopropyl alcohol and 7.69 moles (1000 parts by
weight) of isooctanol. The phosphorodithioic acid obtained in this manner has
an acid number of about 178-186 and contains 10.0% phosphorous and 21.0%
25  sulfur. This phosphorodithioic acid is then reacted with an oil slurry of zinc
oxide. The quantity of zinc oxide included in the oil slurry i1s 1.10 times the
theoretical equivalent of the acid number of the phosphorodithioic acid. The
oil solution of the zinc salt prepared in this manner contains 12% oil, 8.6%
phosphorous, 18.5% sulfur and 9.5% zinc.
30
Example B3
A phosphorodithioic acid is prepared by reacting a mixture of 1560
parts {12 moles) of isooctyl alcohol and 180 parts (3 moles) of isopropyl

-13-



-13 alcohol with 756 parts (3.4 noles) of phosphorous pentasul fide. The
reaction 1is conducted by heating the al cohol m xture to about 55C and
thereafter adding the phosphorous pentasul fide over a period of 1.5 hours
while maintaining the reaction tenperature at about 60-75C. After all of
the 5 phosphorous pentasulfide is added, the mxture is heated and stirred

for an additigesHol WoWr758tpartd (35 Golah of plrpabiepertdshifeiecthd RRaaiagh a fil ter
aid. Zinc oxide (282 parts, .6.87 noles).is charged ;CS a reachor with 278
parts of m neriacopductedihycheating thepicohal Biktug 4o AR 881 Arbibereality (2305

parts, 10 6.28 i [ { g1 shukkLwHpeer a period of
30 m nutes vm'%@mﬁﬁékgﬁ?&%{lgggrg%}ﬁ&%ﬁoe%%‘??%ﬁ(?ﬂe then is r@gt ed to 80C and
mai nt ai ned atmhintsnihg threaeattionderhperatBrdvabsut 68 T58C. 4ftei gpofihet o 100C and 6
mllimeters of L mercury, the mxture is filtered twce thr h afilter

3 d, and tRe. AOppATS ieniaatada s sEd B maabE Pete b HE I o al ¢

cont ai ni ng 10%dAittonallhFf % 70-76°C, LR Wie¥eakfor Ailtd@d thréughlFiRbos@hor ous (theory
7.06); and 15.64% sul fur (theory 14.57). Exanple B4 |sopropyl alcohol (396

~parts, 6.6 noles) and 1287 parts (9.9 noles) of isooctyl alcohol are

charged to a reactaos. aggidg@éféjﬁggég,@&s&%s %S”&a}(fgggf?%ﬁe é&@ﬁ&%or ous

pent asul fi de (833 én a ni'trogen sweep.

The addition ofarfsle€ nPhasiiD e SbpeNprapatd phlephsrodithipicaickii(2305 pabput 2 hours
at a reaction tenperature between 59-63C. The mixture then i.s stirred at
45- 63C f orl0abdu28 moles) ksireged fritheizncapade slympotsramerpd of 30 pHtER s r ed
phosphor odi t hi_Qj I 6 - J I A : 7

equi val ents) o Mgﬁgkﬁg?ﬁogﬁde%%&gﬁegﬁ%lg%gﬁgeﬂr %ﬁ%ﬁ%ﬁ%ﬁgﬁé?i rring at
room t enper at watehis tenepeadionecfor phepar sflensimpiprookdof@iand 6 natlirdet¢2287 part s,

6. 97 equivalents) is _added over. a period o ut.1.26.h s with an
exot hermto 548¢ C‘Fﬁ(eﬂ’t‘rjr&lf‘mrfélﬁ fi‘%%@w f?*b"“ﬁ% a%%raﬁiéaw&}w&g{rﬂgas 75- 85C
for 3 hours. TREIrELEEsdIAM0MbhE ERCIsElt Y@ 1994 mm,msﬁ@wzﬂ@o@t 19

mllimeters of mercury. The residue is filtered throug
15  7.40); 7.21% phosphorous (theory 7.06); and 15.64% sulfur (theory 14.57).

Example B4
Isopropyl alcohol (396 parts, 6.6 moles) and 1287 parts (9.9 moles) of

isooctyl alcohol are charged to a reactor and heated with stirring to 59°C.

20  Phosphorous pentasulfide (833 parts, 3.75 moles) is then added under a
nitrogen sweep. The addition of the phosphorous pentasulfide is completed in
about 2 hours at a reaction temperature between 59-63°C. The mixture then is
stirred at 45-63°C for about 1.45 hours and filtered. The filtrate i1s the desired
phosphorodithioic acid. |

25

A reactor is charged with 312 parts (7.7 equivalents) of zinc oxide and
580 parts of mineral oil. While stirring at room temperature, the above-
prepared phosphorodithioic acid (2287 parts, 6.97 equivalents) is added over a
period of about 1.26 hours with an exotherm to 54°C. The mixture is heated to

30  78°C and maintained at 75-85°C for 3 hours. The reaction mixture is vacuum
stripped to 100°C at 19 millimeters of mercury. The residue is filtered through
a filter aid, and the filtrate is an oil solution (19.2% oil) of the desired zinc salt

containing 7.86% zinc, 7.76% phosphorous and 14.8% sulfur.
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afilter aid, and the filtrate is an oil solution (19.2%o0il) of the
desired zinc salt containing 7.86% zinc, 7.76% phosphorous and 14. 8%

sul fur. -14 Exanple B5 The general procedure of Exanple B4 is repeated
except that the nole ratio of isopropyl alcohol to isooctyl alcohol is
1:1. The product obtained in 5 this manner is an oil solution (10% o0il) of
t he zi nc phosphorodithioate containing 8.96% zinc, 8.49% phosphorous and
18. 05% sul fur. Exanple B6 A phosphorodithioic acid is prepared in
accordance with the general 10 proced@Bxample Bxanple B4 utilizing an

al cohol m xture contai ni ng 520 part 4 | es) of isooctyl al cohol and 360
parts (6 nol es) of T@p%ﬁ"ﬁ%&Pm&F‘gBﬂBEEé@FFﬂg%‘ﬁdﬁzﬁ?ﬁ?tF@ e’f"f.pﬁéﬁ]a .élé‘;]eof .
phosphor ous pent:asdishheyl Btbshol idiSoc@Mitaldohiolls §PATRE prdiict AAsihedEr an oi |
slurry of 116.3 parts of"mneral oil "and 141.5 parts (3.44 noles of zinc

oxi de wi t h 5050h pamesis(ad.odiGomsiong] 0% oil) hEtherineehosmhvaodithicase

phosphor odi t hi oi ¢.aci d.,.dhe pro t, prepared j IS nner is an oil
sol ution (100/%0 e ‘ggiA%m'gfsg'%phgsgﬁg%HS %I?dngg'é%*’tsfd%nd the oil solution
containing 9.36% zinc, 8.81% phosphorous and 18. 65% sul fur. Exanple B7 20

A m xture of 520 parts (4 noles) of isooctél al cohol and 559.8 parts (9.33
nol es) of isopropyl alcohol is prep 6heated to 60C at which tine

672.5 parts (3.03 2%&3#&{0(&%@%@&gﬁcﬁﬁi?lg?%%gg{;ﬁ%g{%g% hyn portions

while 15 stirring. eaction then i or about one
hour and fli0l t gireckdudiehef HxiahipleB4 ntikzihp an dieshol exixphes@hainog S20ipaite (dAci d. 25
An oil slurry of 188.6 parts (4 nples) of zinc oxide and 144.2 parts of
neral ol ) snplegytisehAaoAol #50 550 Pa6 TAIES)medpBrap L pp wilh
phosphor odi t i 0j4G,,3€ (82 Ahfe) &RFEshdsPhdiBid peaRSultlab! Pnd Bh M B pRPatdde M xture
at about 70C. A]ﬁ% er'(a?T1 o% ?hgﬂ]ag?% I'S l%:hagrued,. t he m'xtur'g@s heat ed at
80C for 3 30 Hopuesctingae oilshory ofil 1 Jpartsefniiseral &l and 14ipepartf Gvidt er to 110C.
The residue | Smoles of zinc oxide with 950.8 parts (3.20 moles) of the above-prepared
15  phosphorodithioic acid. The product prepared in this manner is an oil solution
(10% mineral oil) of the desired zinc salt, and the oil solution containing

9.36% zinc, 8.81% phosphorous and 18.65% sulfur.

Example B7
20 A mixture of 520 parts (4 moles) of 1sooctyl alcohol and 559.8 parts

(9.33 moles) of isopropyl alcohol is prepared and heated to 60°C at which time
672.5 parts (3.03 moles) of phosphorous pentasulfide are added in portions
while 15 stirring. The reaction then is maintained at 60-65°C for about one
hour and filtered. The filtrate is the desired phosphorodithioic acid.
25 |
An oil slurry of 188.6 parts (4 moles) of zinc oxide and 144.2 parts of
mineral oil is prepared, and 1145 parts of the above-prepared
phosphorodithioic acid are added in portions while maintaining the mixture at
about 70°C. After all of the acid is charged, the mixture is heated at 80°C for 3
30  hours. The reaction mixture then is stripped of water to 110°C. The residue is
filtered through a filter aid, and the filtrate is an oil solution (10% mineral oil)
of the desired product containing 9.99% zinc, 19.55% sulfur and 9.33%
phosphorous.
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filtered through a filter aid, and the filtrate is an oil solution (10%
mneral oil) of the desired product containing 9.99% zinc, 19.55% sulfur
and 9.33% phosphorous. -15 Exanple B8 A phosphorodithioic acid is prepared
by the general procedure of Exanple B4 utilizing 260 parts (2 noles) of

i sooctyl alcohol, 480 parts (8 5 noles) of isopropyl alcohol, and 504
parts (2.27 noles) of phosphorous pentasul fide. The phosphorodithioic acid
(1094 parts, 3.84 noles) is added to an oil slurry containing 181 parts
(4.41 noles) of zinc oxide and 135 par tBxaaiple BEneral oil over a period of
30 mnutes- The mxture is heated to.80C an intainped atf thys
tenperature for 3 howhespherqdithiolg ?@%&R{@P%ﬁm g&ﬂ‘a‘ag‘@f’f’i Wy PYineters of

mercury, the npxline Bi4%tﬁ&h%?&6@%)%§ﬁofe§){) ﬁl%ctﬁ a ﬁ!'ohél,eﬁfs@b&ts @nd the

filtrate is an ol solution Q¢ era ) of" the zinc salt containing
10. 06% zi nd, 9mOks) whsoppipyl alesholaamt! 3B REis SULT moledfioipidsph@9ud 5 | sopr opyl

| cohol (410 B, | 590 4. - ethyl hexyl
2 conol ar e crlhids TheRRRsRod o aBR L P s TR ARt B
pentasul fi de (&Adil fakl Sontdinthe ¥ 165Mts (54 RADES) BALBE oRidBahd 0YRPpariigep. The

addition is conplete in 1.5 hours at a reaction tenperature of from 50-65C.
The contents amgnesaloflrover # pericgl ¢fGQmainyiea Fhe mixfure igheabyddo 88 @Ry t he

desired 20, PAsRNGat bl Rheafld ol RS B iR GaRot Wha 195, part s

(3.57 equival eh Zknc o a par tirring i s begun and
added i s 11Q00 miliinste(Sofidereary| thalngirtusg is filferddeviehibnmghhtfiltenad, and
phosphorodi t hi oc acid over_a 1 hour period beginning at 25 room

tenperature. THe iHERE is agpi 08 (podnigerabeit) ¢idhesinl satheoiypingnt s are
heated to 80C ﬁ?@ﬁ%&iﬂ&}@b@%‘bh@%pﬁo%t& LeMpesatisg: for 2 hours. The contents

~are then vacuum'strippéd to 100C at 22 mlTineters nercury. Added is 60
parts oil and the contents are filtered to give the desired product
containing 12%oil, 9.5% zinc, 18.5% %!.H fui ]%ld 8. 6% phosphor ous.
xample
15 Isopropyl alcohol (410 parts, 6.8 moles) and 590 parts (4.5 moles) 2-

ethylhexyl alcohol are charged to a reactor and heated to 50°C. Phosphorous

pentasulfide (541 parts, 2.4 moles) is added under a nitrogen sweep. The

addition is complete in 1.5 hours at a reaction temperature of from 50-65°C.

The contents are stirred for 2 hours and filtered at 55°C to give the desired
20  phosphorodithioic acid. '

A reactor is charged with 145 parts (3.57 equivalents) of zinc oxide
and 116 parts oil. Stirring is begun and added is 1000 parts (3.24 equivalents)
of the above obtained phosphorodithioc acid over a 1 hour period beginning at

25  room temperature. The addition causes an exotherm to 52°C. The contents are
heated to 80°C and maintained at this temperature for 2 hours. The contents
are then vacuum stripped to 100°C at 22 millimeters mercury. Added is 60
parts oil and the contents are filtered to give the desired product containing
12% oil, 9.5% zinc, 18.5% sulfur and 8.6% phosphorous.
30 |
Example B-10

A mixture of 2-butano! (237 parts, 77 mole) and 4-methyl-2-pentanol

(98 parts, 23 mole) was charged to a reactor with 222 parts phosphorous
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30 Exanple B-10 A mi xture of 2-butanol (237 parts, 77 nole) and

4- met hyl - 2- pentanol (98 parts, 23 nole) was charged to a reactor with 222
parts phosphorous -16 pentasul fide at a tenperature of about 75C and
agitated for a period of about 2 hours. The reaction m xture was cool ed
and filtered to give the desired phosphorodithioic acid having a

neutralizatio 3 of S48 i i SSU at
100 degrees Fgﬁggﬁﬁgﬁ?gf%&gFE%E%?€f§ g;ggﬂ?gh%ﬁg¥¥%ﬁﬁféé%ég?ggﬁgugontained
24. 0% sul fur anboutd.. Phe rhaihalxous waf@obdleé and (ltereditx pive ehandesiradided 87 parts

by wei ght of zinc oxide, after which the whole S ated with agitation
at about 54C fWOSW%‘EfHﬂ%OIEﬁ?lﬂlh%‘ngﬁﬂeﬁ?al@a‘?o’(}v&@% H@é.(mﬂﬁ*t er the water of

neutralizatio : [ ' t.ai 7.6% zi nc,
e o su fur AP IE TR dr 349 SEDRIA0D dSALM ERARN, Shitthc

phosphor ous- cogreatyne g4 E0(60) wad contgioep 24 Atssulfar afk1 LPUgshogphoptiss phor ani des
and phosphonam des that includes thiophosphoram des and thi ophosphonam des
such as those disclosed in U S. 15 Pat. Nos. 3,909,430 and 3,968, 157, the
di scl osures of whi cfy @EabbRY BN ure VR ARBQT St BtsY WEERY EMER oxIfgaRercOMPOUNdS
may be prepared by formng a phosphorous conpound having at |east one P-N
bond. They carwlbeh freopariewas héated with apitationtsay abau S#7G forphlosphentd as

oxychl ori de wi drocarbyl ,diol in the presenc f. a nonoamni ne or by
reacting phosdﬁ%?gﬁg%%ﬁ?p#iﬁ% Fﬁvaéer?gnﬁﬁfaglﬁﬁqq@%be%&%?ﬁ Y ami ne and
a nono- f ungt i aRgbil 36MuAen colMiRRNPEPNANE) 150% S@Bureal 712% PhedabRMs by reacting
an unsat urated hydrocarbon conpound containing from2 to 450 or nore
carbon atons, such as pol yethyl ene, polyisobutylene, polypropylene,

et hyl ene, 1-hexene,, 1 23-hexadie i Sab | ene,. 4-. hyl.- 1- pent ene, and
the |ike. with pho ‘?)Ihdéﬁ%d’gas%g% ‘gg?}f"f’fued@“’%éy‘érﬁ‘és"%‘mﬁ?‘Fﬁ‘gg%‘{ﬁi'%?)%t ai ni ng

conpound as debhipetdndiiove, clfa ol phéspAsdaynidass and pkydpaoharidesithsyindludes ne,
al kyl pol yam n i such .as ethyl ene, di am ne

e,. or an al kyl eneamn ne,
di et hyl enetri éhaoﬁbqsrib?liaglﬂq¥m3e3 dngphosphenamides such as those disclosed m U.S.
15  Pat. Nos. 3,909,430 and 3,968,157, the disclosures of which are hereby

incorporated by reference. These compounds may be prepared by formimg a
phosphorous compound having at least one P-N bond. They can be prepared,
for example, by reacting phosphorous oxychleride with a hydrocarbyl diol in
the presence of a monoamine or by reacting phosphorous oxychloride with a

20  difunctional secondary amine and a mono-functional amine. Thiophosphoro
amides 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 phosphorous pentasulfide

25  and anitrogen-containing compound as defined above, particularly an
alkylamine, alkyldiamine, alkylpolyamine, or an alkyleneamine, such as
ethylene diamine, diethylenetriamine, triethylenetetramine,

tetracthylenepentamine, and the like.
30 Still further phosphorous-containing compounds are oil-soluble

phosphates, phosphonates, phosphinates, or phosphine oxides represented by
the formula II:
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tetraet hyl enepentamne, and the like. 30 Still further
phosphor ous- cont ai ni ng conpounds are oil-sol uble phosphates, phosphonates,
phosphi nat es, or phosphi ne oxides represented by the formula 11: -17
'R10-(Oal--, R20-(Ob P =X R3 (O, Il where R, R24 and R3 are

i ndependently hydrogen or hydrocarbyl groups, X 5 is oxygen or sulfur and
a, b and c are independently O orR&L_&ﬁp phosphor ous- cont ai ni ng conpounds
can be an oil-soluble phosphite,, pho ﬁbﬂiteﬁﬁfhosphinite or phosphi ne
b—y(%ﬁhe Brm

conpound whi ch can be representéﬁ alll: 10 R1I0- Mn"'. R2
-(Gn, p RB -(0O, Il where RIR*®R2®M).,R30, a, b and c are as defined
above. 15 The total nunber of carbon atons in R1IO, R2 and R3 in each of the
above Fornmulae Il and Il nust be suffidlient to render the conpound sol uble

in the lubricating oil used in fornmulating the inventive conpositions.
CGenerally, the total nunber of carbon atonms in RLO, R20 and R3 is at | east
20 about 8, anghdrg RONREMRPRIIERNIndelentiGRB hyRidGdEn ol‘?xyd;@ﬁﬂ'bkm%:ﬁﬂﬁs, gbodi ment
at |east about 16. There is no limt to the total nunmber of carbon atons
in RLO, R2Z anidorsganatsuifer andybagd ¢ aptindepopdentlyi &al L.upper |init is about
400 or about 500 carbon atons. In one enbodinent, RL, R2 and R30 in each
of the above fornulae are independently hydrocarbyl groups of 1 to about
100 carbon The phosphorous-containing compounds can be an oil-soluble

phosphite, phosphonite, phosphinite or phosphine compound which can be
represented by the formula III:

10
R10__ (O )a
RO —(0)s— P
R —(0), 7
I
where ‘Rm, RZO, Rm, a, b and ¢ are as defined above.
15

The total number of carbon atoms n Rlo, R and R*® in each of the
above Formulae 1 and III must be sufficient to render the compound soluble
in the lubricating oil used in formulating the inventive compositions.
Generally, the total number of carbon atoms in R R and R¥ is at least

20  about 8, and in one embodiment at least about 12, and in one embodiment at
least about 16. There is no limit to the total number of carbon atoms in R,
R” and R* that is required, but a practical upper limit is about 400 or about
500 carbon atoms. In one embodiment, Rm, R*® and R* in each of the above
formulae are independently hydrocarbyl groups of 1 to about 100 carbon

25  atoms, or 1 to about 50 carbon atoms, or 1 to about 30 carbon atoms, with the
proviso that the total pumber of carbons is at least about 8. Each R R* and
R*® can be the same as the other, although they may be different. Examples of
usefil R, R* and R groups include isopropyl, n-butyl, isobutyl, amyl, 4-
methyl-2-pentyl, isooctyl, decyl, dodecyl, tetradecyl, 2-pentenyl, dodecenyl,
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25 atons, or 1 to about 50 carbon atons, or | to about 30 carbon atons,

with the proviso that the total nunber of carbons is at | east about 8.

. Each R10, R20 and R30 can be the sanme as the other, although they may be
different. Exanples of wuseful Rl, R20 and R30 groups include isopropyl,

n-butyl, isobutyl, anyl, 4- methyl-2-pentyl, isooctyl, decyl, dodecyl,

tetradecyl, 2-peate ﬁﬁﬂ;hthﬁoﬁiﬁﬂ%ﬁé’ﬂyl alllﬁniﬂm | heﬁ?ﬁik%zhhhphtﬁ&l'éﬁdyphenw
alkylnaphthyl henyl al ky[, naphthyl a . alky phenyl al kyl ,

alkylnaphthylaﬂ thmnﬁdkﬂhékﬂmm@ﬂhWN$Ybﬁ@%ﬁﬁdﬁ@us conpounds represented by
Formulae Il and IIl can 5 be prepared by reacting a phosphorous acid or
anhydride with an al cohol or m xture of alcohols corresponding to R 4, R20

and R30 in For nul aeTi stdphdrousidigngphadphpraaeitedby BominlaniTyad ldeah s
general ly an |norgan|c phosahorous reagent such as phosphorous pent oxi de,
phosphor oug t rerered By sasies & plospherops asidl geaniyHEdp Hathsielicohphor

. phosphorous  hal dﬁ!ﬁre o?hIcbRYE Eoﬂ&fa@%gg %Jﬁwlﬁz%hws in g%}gagmql L& fr, Lover

phosphor ous aci ters contain 1 to’ about. on atons in each
ester group. THe gﬂiwglmrommmd acantiydgdais gms,ralllueammmgmic plaisphayous

tri phosphoric acid. es For a further discussion .of th ounds of

for mil a6 1| arfg§s} ik physphpfs Beniaside, PROSRONRIR tREidRyPhoSBReIn 30 {hat | s

i ncor por at ed he&s‘dﬂdéo;smgp%ﬁﬁ@aéaa lebsﬂﬁo%oﬂm&hH@tdflo@éﬂ ﬂﬂosﬁﬂﬁéﬂer class of
phosphor ous contai ning conpounds 1's the class of oil-solu

sul f ur - coritlai restegs, gnd SisHtcoLewerphosphaspusasichesters pantaipdram |‘1 tcp abcrq@ii
R'OP-S-(SP 82 Q41 |V wggggln R %&mﬁ)l R31 and, R41 arq)lndegendently

hydr ocar byl 05‘ atomg o8k e 0f)pe 74 eur’;’talald G nN’is zero
to 3. In one aﬂb@den&@hXﬁcaﬂdex&:are each S, and nis 1. R 1 R21, R31 and
R41 are i ndependent _

For a further discussion of the compounds of formulae II and I1I see,

15  for example, U.S. Patent No. 5,712,230 that is incorporated herein by

reference in its entirety.

Still another class of phosphorous containing compounds is the class of
oil-soluble, sulfur-containing phosphorous esters of formula IV:

20

1

R31
Rﬂo——IP s—(S)—ilal/O

R21O OR41
v

wherein R'', R*, R*! and R* are independently hydrocarbyl groups,
25 X' and X are independently O or S, and n is zero to 3. In one embodiment X'
and le areeach S, andnis 1. R“, Rzl, R and R* are independently
hydrocarbyl groups that are preferably free from acetylenic unsaturation and
usuaily also free from ethylenic unsaturation. In one embodiment R'', R*,
R>! and R"" independentty have from about 1 to about 50 carbon atoms, and in
30 one embodiment from about 1 to about 3( carbon atoms, and in one

embodiment from about 1 to about 18 carbon atoms, and in one embodiment
-19-



hydr ocar byl groups that are preferably free from acetyl enic unsaturation

and wusually also free fromethylenic unsaturation. In one enbodinent R 1,
R21, R31 and R4' independently have fromabout 1 to about 50 carbon atons,
and in 30 one enbodi ment from about 1 to about 30 carbon atons, and in one
enbodi mrent from about | to about 18 carbon atons, and in one enbodi nent -19

fromabout 1 tg,RREM 150686RF RS BomEARRHE IV, 2! 12 hnd R31camd R4’ can be
the same as the other, although they may be different and m xtures may be

used. Exanpl eshotanmas throther, Rﬁmougidhﬁamagubgldpfﬁercnt@nddsxmszspn@p@q butyl, n-

butyl, isobuty] t1h 3pen Ju, oct vl sS00ct dodecyl :
3t %t adecyl . e RATiRlsE o AN P BBk SRy
al kyl napht hy bupyieisybuiikathyl, ﬂaﬁéthﬁlyi@brhyl octl, Kaoloplyrieb Al dydecyl,

al kyl napht hyl al kyl , and m xtures thereof. Procedures for preparing the

conpounds &f ft%tﬁﬁﬁﬂd Poentewylvdadecendphenylgnanhthyalaylphenyli are descri bed,

for exanple, rporated herein by
reference in i tﬁ%ﬁ&tﬁl}%ﬁ%mﬂ ﬁag%t%ﬂgﬁg %H‘?sp ?y%%psol ubl e,
phosphor ous- cmﬂt}émaphﬂgrlallegdiandmatureadﬂra)ﬁves i ncl udes the am ne phosphat es

and t hi ophosphates that are known in 15 the art and di scl osed, for exanple,
in US Patent Nos. 3,859, 218; 5,585,029; and 6,040,279, all of which are

“incorporated herei prhyednRh €5 gﬁzrin? thd\&drhpoudiis bf RlMula IvearaWeli&npAsphat e
for use in the conpositions an hods hereln 20 includes comrercially

avai | abl e 1fpndbthsiast awlchr@d@pbwd Sori axempld, isUd. Paterieonbn?,2Hhibatds - aci d
phosphat es and étohe ﬁ al¥ 1,efeof cdl CI d “1% osphate. The nono- and di-acid
phosphat es pré’ll e e PhE et Fg{l rmulae VA and VB. O I|E
RO-P---0O |
Still another class of oil-soluble, phosphorous-containing, anti-wear
additives includes the amine phosphates and thiophosphates that are known in
15  the art and disclosed, for example, in U.S. Patent Nos. 3,859,218; 5,585,029;
and 6,040,279, all of which are incorporated herein by reference in their

entirety.

The amine phosphate for use in the compositions and methods herein
20  includes commercially available monobasic hydrocarbyl amine salts of mixed
mono- and di-acid phosphates and the amine salts of di-acid phosphate. The

mono- and di-acid phosphates preferably have the structural formulae VA

and VB:
e [ 7 e [T
RO'—IT““O_ R3—NH and -O_I?—O- R3—NH
OR | Rz OR R2
25 2
VA VB

where each R is independently the same or different and are preferably C, to
Ci2 linear or branched chain alkyl; each of R! and R? are independently

30  hydrogen or C,; to Cy; linear or branched chain alkyl; R} is C4 to Cy2 linear or
-20-



R R3-NHI R2and O Il _ -OP-O I - Rl R3-NHR2 OR 25 OR 2 VA VB where
each R is independently the sane or different and are preferably.-Cl to Cl12
| i near or branched chain al kyl; each of R and R2 are independently 30
hydrogen or ClL to Cl12 |inear or branched chain alkyl; R3is C4 to Cl2

| i near or -20 branched chain alkyl, or aryl-R4 or R4-aryl where R4 is

hydrogen or Ctbrél%hg%8%?2%?%{3%%%1.@4%9@%@@&R4mﬁdﬂ{g}éh of & f&C,, The ol ar

rati o of nonoaci osphate in the comrercial 5 am ne phosphat es
used in this ilmegantr wanchad gyl fandany31siCs o0 1: 3. The mi xed nono-/di aci d
phosphate and just the diacid phosphate can be used with the |atter being
the preferred. One enbodi nent of an acid aliphatic aromatic

am ne- phosphat e i s MathelReraHdMf GRAcac@tdldiaciapnoghaleliy thdodmmerdial R T.
Vander bi It Conpany, Inc. THE O L _ OF LUBRI CATI NG V] SCOSI TY
amine phosphates used in this invention ranges from 3:1 io 1:3.

The mixed mono-/diacid phosphate and just the diacid phosphate can
be used with the lafter beihg the preferred. One embodiment of an acid
aliphatic aromatic amine-phosphate is Vanlube RTM 692, sold commercialiy

10 bythe R. T. Vanderbilt Company, Inc.

THE OIL OF LUBRICATING VISCOSITY
The oil of Iubricating viscosity used in the compositions and methods of
this invention may be mineral oils or synthetic oils of viscdsity suitable for use
15  inthe crankcase of an internal combustion engine. The base oils may be
derived from synthetic or natural sources. Mineral oils for use as the base oil
in this invention include paraffinic, naphthenic and other oils that are
ordinarily used in lubricating oil compositions. Synthetic oils include both
hydrocarbon synthetic oils and synthetic esters. Useful synthetic hydrocarbon
20  oils include liquid polymers of alpha olefins having the proper viscosity.
Especially useful are the hydrogenated liquid oligomers of Cq to Cy2 élpha
olefins such as 1-decene trimer. Likewise, alkyl benzenes of proper viscosity,
such as didodecyl benzene, can be used. Useful synthetic esters include the
esters of monocarboxylic acids and polycarboxylic acids, as well as
25  monohydroxy alkanols and polyols. Typical examples are didodecy! adipate,
pentaerythritol tefracaproate, 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.
30
FORMULATIONS
The compositions of this invention comprise the following:

an oil of lubricating viscosity;
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The oil of lubricating viscosity used in the conpositions and net hods of
this invention may be mneral oils or synthetic oils of viscosity suitable
for use 15 in the crankcase of an internal conbustion engi ne. The base
oils may be derived fromsynthetic or natural sources. Mneral oils for use
as the base oil in this invention include paraffinic, naphthenic and ot her
oils that are ordinarjly used.i.n Lubricating oi.l coppositions. Synthetic
o115 i nol ude. bot n SIa e BB ARG or P dtaine S RTRRE FERBRRE Y Usef vl
synt heti ¢ hydrggaEiReRe @¢al phbsphbrfk BalpIdykd it te ROMYOSLiSn BincahelRanal ef i ns
havi ng the proper viscosity. Especially useful are the hydrogenated |iquid
ol i goners of @poul)-Q8 weighphercens|basadrpn the bl yeciaght 9 erfOMNOBOP. Li kewi se,
al kyl' benzene f r_ Vi ' : .di dodecyl benzene, can be
used. Usef ul 3?%?%@@3286%%3?%gﬁ%@?ﬁﬁ%ﬁfﬁQCQ%éters of nonocar boxylic acids
and pol ycassboxyl i ¢ aacintisweasffagtive aasounbofhmdiepeyshdphydrated alkalisna#d pol yol s.
Typi cal exanpl es are di dodecyl adipate, pentaerythritol tetracaproate,
di - 2- et hyl hexyROr{&i35dt e, dil auryl sebacate, and the |ike. Conplex esters
“prepared from m xtJurgsaQhqf#Ree and dicarboxylic acids and nono and

di hydroxy al kanol s ‘can al so be used. Blends of mneral oils wth synthetic
oils are also useful. 30 FORMJULATI ONS The conpositions of this invention

conprise the follqwi ng:. an oil.of ,lubri.catjng viscosity. -21 .at least one
o1 5o ubl o, phosHeaHiE B Fe ehdifthh B Sufibladdns Gubled het ot
phosphor oys enphRy@EhioRitioRs oF@MFIAGHtoARs drfoveebadBd @ettrgait. about 0. 08 wei ght
percent based on the total weight of the conposition (preferably no nore

than 0.06 wei ght percent); 5 an anti-wear effective amount of a dispersed,
hydrat ed al kal i t . ona i {4 articularly
preferred enbodi g\?ﬁ?‘fﬁm})’ ﬁg E%pﬁ%‘%g?f %%rg‘%aviéy‘g%{i %i;ll(ég%etélrb()?atg

employed in these compositions is from about 0.2 to about 5 weight percent

(preferably from about 0.5 to about 2 weight percent based on the total weight)

15  based on the total weight of the composition.

Preferably, the amount of o1l of lubricating viscosity ranges up to about
99 weight percent of the composition based on the total weight of the
composition.
20
These compositions are prepared merely by mixing the appropriate
amounts of each of these components until a homogenous composition is

obtained.

25 The following additive components are examples of some of the
components that can be optionally employed in the compositions of this
invention. These examples of additives are provided to illustrate the present

invention, but they are not intended to limit it:

30 (1) Metal detergents: sulfurized or unsulfurized alkyl or alkenyl
phenates, alky! or alkenyl aromatic sulfonates, sulfurized or unsulfurized
metal salts of multi-hydroxy alkyl or alkeny! aromatic compounds, alkyl or

alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl or
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10 in the conpositions of this invention is an overbased detergent.
Preferably, the anmount of dispersed, hydrated al kali netal borate enployed
i.n these conpositions is fromabout 0.2 to about 5 wei ght percent
(preferably fromabout 0.5 to about 2 wei ght percent based on the total

wei ght) 15 based on the total weight of the conposition. Preferably, the
anount of oil heal | i I : a2 Weyr ght

per cent of theag%&%gé???%%ﬁz5§g§ﬁ%ﬁb%ﬁgk?§?§ mgﬁidﬁ?%ggy%%e c%ﬁ%osition
20 These conpoalké¢riydns:ltzacel, pnd plemeidalmed ehysital nokturesgheraef. appr opri at e
anounts of each of these conponents until a honogenous conposition is
obt ai ned. 25 The follow ng additive conponents are exanples of sone of the
conponents that cap pagteRdd tiRRdinetamRtePyRt 4B ow&@a&qmags%&mns of this
invention. These exanples of additives are provided to illustrate the
present i verPvehaseddetergrals ingladhexerbased mytadlic detengpmts praferably haying\et al
detergents: su i syl i s, al kyl or
al kenyl aronat%%ﬁghﬁﬁgﬁa%ég, %ﬁ%?%é%@e 8%5*%%%%%? r?@%gmnﬁgﬁgﬁhgalts of

nul ti-hydroxy aideven afor@pretsnably graaraithian abouqRaln Bsefertd yetads in sabkeny|

hydroxy aromatic sul fonates, sulfurized or unsulfurized alkyl. L or -22
al kenyi napht negialliedeterganty inglyde alkahi ang R‘gﬁ’é‘?ece% racials sughygs lghiumy of an

al kyl “or " al kegluciuld bt APAGEIRT) bR AN A, Schilgg (hereof . A

preferred class of net etergents over base etergents. 5 Overbased
det er gent sl nahaglesmuearblaspetiatbt aldhimn. Tyiier geabasedrdefeegaitd cludei ng a TBN

of greater than about 50 and re preferabl eater. than ab 200 and
even nore pref@?%ﬁ??{@Fﬁgpﬁﬁaﬂﬁﬁ e§ﬁ5ﬂwh§gﬁ¥sg$§$éﬂpgﬂgﬁ§wgpgﬁﬁﬂo uch
netal lic deter tsohtWoude al kali and al kaline earth netals such as

lithium sodium and potassium Particularly preferred netals include
cal cium and 10 magnesi um and especially calcium Typical overbased

detergents include, o;dation inhibitors
i5 (a) Phenol type oxidation inhibitors: 4,4"-methylene bis (2,6-di-tert-
butylphenol), 4,4'-bis(2,6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-
butylphenol), 2,2"-methylene bis(4-methyl-6-tert-butylphenol), 4,4'-butylene

bis(3-methyl-6-tert-butylphenol}, 4,4'-1sopropylene bis(2,6-di-tert-
butylphenol), 2,2'-methylene bis(4-methyl-6-nonylphenol), 2,2"-isobutylene
20  bis(4,6-dimethylphenol), 2,2"-methylene bis (4-methyl-6-cyclohexylphenol),
2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4~
dimethyl-6-tert-butylphenol, 2,6-di-tert-.alpha.-dimethylamino-p-cresol, 2,6-
di-tert-4-(N.N'dimethylaminomethylphenol), 4,4'-thiobis(2-methyl-6-tert-
butylphenol), 2,2'—th.iobis(4-methyl-6;tert-buty1phenol), and bis(3-methyl-4-
25  hydroxy-5-tert-butylbenzyl)-sulfide.
(b) Diphenyl amine type oxidation inhibitor: alkylated diphenyl amine,
phenyl-.alpha.-naphthylamine, and alkylated .alpha.-naphthylamine.
(c) Other types: metal dithiocarbamate (e.g., zinc dithiocarbamate), and
methylenebis (dibutyidithiocarbamate).
30
(3) Rust inhibitors (Anti-rust agents)
(a) Nonionic polyoxyethylene surface active agents: polyoxyethylene

lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonyl
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over based phenates, salicylates and sul fonates which typically have a TBN
of up to about 550. (2) Oxidation inhibitors 15 (a) Phenol type oxidation
inhibitors: 4,4 -methylene bis (2,6-di-tert- butyiphenol),

4,4 -bis(2,6-di-tert-butyl phenol), 4,4'-bis(2-nethyl-6-tert- butyl phenol),
2,2' -met hyl ene bis(4-nethyl-6-tert-butyl phenol), 4,4'-butylene

bi s(3- net hyl - tet | -tert-
but §/I pheno?/) G;H{egﬁ h%#lg@glyi? X%rr@t ﬁh%géﬁgyﬁ%ﬁgﬁég%ﬁlgmgogﬂ-l sobut yl ene
(22 bi ;‘sg 4I 66d| rmltdn)r/]llqﬁﬁf;@lﬁqu@th&legﬁgldgybt?meFbigsxyfithylane sorr]blltolh

nme cycl ohex er en
TG L ert- bR P BREN Yo sbigladriAte %‘ exp PO
2,6-di-tert-. glokslefd met hyl am no- p-cresol, 2,

d|-tert 4- (N. N di net hyl am nonet hyl phenol 4, 4'-th|ob|s(2 nmet hyl -6-tert-
but yl phenolS), 2,2'(®} ﬁ’i@bpet(lnomﬁﬁhgwar@-ap andrihsy| fpthesmds, dicarhoxBics ( 3- met hy| -
25 hydroxy-5-ter Iben Lfi.de. .(h OX|dat|on
i nhibitor: al kag‘fc{e?t E%foﬁﬁe? %cthr"i‘rélme % tg r&?tg S%Fgﬁﬂl @gsﬁl?%&l?gﬁl he, and

al kyl at ed. al pf}ﬁimdl@@ﬂbbhyﬁoadﬁm&ter(dﬂ)o%b@zﬁc slyplas; andgihakp mnmsmar bamat e
(e.g., zinc dithiocarbamate), and nethylenebis (dibutyidithiocarbamate).

30 (3) Rust inhibitors (Anti-rust agents).  (a) Nonionic pol yoxyet hyl ene

surface active ag yet hyl ene lauryl ether, polyoxyethyl ene
hi gher al cohol ﬁgiﬁemgﬁyﬁ/oegg;et hyl ene nonyl -23 phenyl ether,

pol yoxyet Hyl ene ocadgiinophmr;dct eﬂﬂeylphepmll ymkgthylla;zé exide,golopyethytemar yl et her,
pol yoxyet hyl en I et he ene sorbitol nonostearate,
polyoxyethyleﬁ@qgﬁﬁ%ﬁﬁﬁﬂpﬁ596§§L ‘ﬁU?yethylene gl ycol nonool eat e.
5 (b) G her conpounds: stearic aC|d and other fatty acids, dicarboxilic

acids, nmetal soaps, fatty acid amne salts, nmetal salts of heavy sul fonic
acid, partial car(bbkytkéme propsiresgents (BP agobtyhydri c al cohol, and phosphoric

ester. sulfurized oils, diphenyl sulfide, methy! trichlorostearate, fluoroalkyl-

15  polysiloxane, and lead naphthenate.

(6) Friction modifiers:

fatty alcohol, fatty acid, amine, borated ester (such as borated glycerol
monooleate), and other esters.

20

(7) Multifunctional additives:

sulfurized oxymolybdenum dithiocarbamate, sulfurized
oxymolybdenum organo phosphoro dithioate, oxymolybdenum
monoglyceride, oxymolybdenum diethylate amide, amine-molybdenum

25  complex compound, and sulfur-containing molybdenum complex compound.

(8) Viscosity index improvers:
polymethacrylate type polymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,

30  polyisobutylene, and dispersant type viscosity index improvers.

(9) Pour point depressants:

polymethyl methacrylate.
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(4) Demulsifiers: 10 addition product of aikylphenol and ethyl ene oxi de,
pol oxyet hyl ene al kyl ether, and pol yoxyethyl ene sorbitan ester. (5)
Extreme pressure agents (EP agents): sulfurized oils, diphenyl sulfide,
met hyl trichlorostearate, fluoroal kyl- 15 pol ysil oxane, and | ead
napht henate. (6) Friction nodifiers: fatty alcohol, fatty acid, am ne,
borated ester (such as borated glycerol nonooleate), and other esters. 20
(7) Multifunctional additives: sulfurized oxynol ybdenum dithi ocarbamat e,
sul furized oxynol{ByBoanmimiigiensg phosphoro dithioate, oxynol ybdenum
nmonogl yceri de, oxynpl.ybdenum di et hyl at e, am de,. am ne- nbl ybdenum 25 conpl ex
conpound, and sul faikylaasthagrypiypo VBB@%EW%%@Hﬁ1@?n%% Wd. (8) Viscosity
i ndex inprovers: polynethacrylate type pol ynmers, ethyl ene-propyl ene
copol ynmers, styrene-isoprene copolynmers, hydrated styrene-isoprene
copol ymers5 30 pdirgfesaditysttlyd eamapositivhs ¢f Spemyenitontdagot ycludssny Jiquith e x
i nprovers. (9)_,Pour . point..depressants: polynethyl nethacrylate. -24 (10)
Foan1Inhibitorc.OQﬁqg%paﬁgpﬂﬁcrylate pol ymers and di methyl silicone
polyners. 5 Preferably, the conpositions of this invention do not include
any liquid chlorinated paraffins. EXAMPLES The invention will be further
illustrated by the fol | owi ng exanpl &XAMPI¥S ch set forth particularly
advant ageous neth i 1 oLate) ided to
illustrate the pr ggheen %@gﬁ‘{qlho%ﬁ, t ééf}“ lgﬁteggﬁqﬁﬁﬁogﬁg@f © \fés(,j

10  which set forth particularly advantageous method embodiments. While the

examples are provided to illustrate the present invention, they are not intended

to limit 1t.

As used in these examples and elsewhere in the specification, the
15 following abbreviations have the following meanings. If not defined, the

abbreviation will have its art recognized meaning.

cSt = centiStokes
mL = milliliters
20 mm = millimeters
MW = molecular weight
ppm = parts per million
S = seconds
TBN = total base number
25 Vi = viscosity index

In addition, all percents recited below are weight percents based on the

total weight of the composition described unless indicated otherwise.

30 Comparative Example 1

The purpose of this comparative example is to measure the effect on
wear in an internal combustion engine arising from lowering the amount of a
known anti-wear agent (zinc dithiophosphate) by approximately 50% in a
lubricant composition employed to lubricate an internal combustion engine.

35
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tolimt it. As used in these exanples and el sewhere in the specification,
the 15 foll ow ng abbreviations have the foll ow ng neanings. |If not
defined, the abbreviation will have its art recogni zed nmeaning. cSt =
centi Stokes nL = mlliliters 20 mMm= mllinmeters MN = nol ecul ar wei ght
ppm = parts per nmllion s = seconds TBN = total base number 25 VI =
viscosity index 30 cimaW%BI&m fonhlaRA 166Hasing 8ficoRpoliabMMvake Wei ght
percents based on t t ot al wei ght of the conposition described unless

i ndi cated ot hmmwggium@arfaﬂqmg@@ttmse | The purpose of this conparative
exanple is to neasure the effect on wear in an internal conmbustion engine

arising froml an t he am) known anti - wear en §)Z|n

di t hi ophosphat pﬁlrls&? ?ﬁgcl f&?@g | ubri cant QC %ﬁ TGH errpl oyed
to lubricate aEFPIPW SPTFANmEde agh(le - 25 S eci f]I EPERgElts ul |y
formul ated | udfich&veivgsedilciBnpbenats %rgW! ar edP3ust ° {efe fol | owi ng
addi ti ves: Suo%nﬁﬁkﬂudeh@phﬁé(%léﬁﬁlel(u@g@vm 2. 9 wei ght percent 5 Borated
succi ni ni de di spersant (LGB0 095, ecightinghienpphosplmross)gh over based cal ci um

phenat e det er gmtibxida®0 TBN) 55 millinoles Zinc dithiophespghapecesuf ficient
to provi dg0. GAlimpmesvdd. 095 wei ght percent phosphorous)4.ankighkpetaarit 1. 0

wei ght per centaptifoam 5 ppm
pour point depressant 0.3 weight percent
15 In each case, the balance of the composition comprised a base stock

comprising a Group II base oil having a kinematic viscosity of 4.5 ¢St at

100°C to provide for a 5W20 oil.

The composition comprising 0.0475 weight percent phosphorous as
20  zinc dithiophosphate is referred to hereafter as “0.0475 % P” and the
composition comprising 0.095 weight percent phosphorous as zinc

dithiophosphate is referred to hereafter as “0.095 % P”.

These comparative compositions described were tested for wear
25  performance in a Sequence IVA engine test. The Sequence IVA test evaluates
a lubricant’s performance in preventing camshaft lobe wear in an overhead
camshaft engine. More specifically, the test measures the ability of crankcase
oil to control camshaft lobe wear for spark-ignition engines equipped with an
overhead valve-train and sliding can followers. This test is to simulate service

30 for taxicab, light-delivery truck, or commuter vehicles.

The Sequence IVA test method is a 100-hour test involving 100 hourly
cycles; each cycle consists of two operating modes or stages. Unleaded
“Halterrnann KA24E Green” fuel is used. The text fixture is a KA24E Nissan

35  2.4-liter, water-cooled, fuel-injected engine, 4-cylinder in-line, overhead

camshaft with two intake valves, and one exhaust valve per cyclinder.
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10 VI inprover 4.5 weight percent antifoam5 ppm pour point depressant 0.3
wei ght percent 15 In each case, the bal ance of the conposition conprised a
base stock conprising a Goup Il base oil having a kinematic viscosity of
4.5 cSt at 100C to provide for a 5W20 oil. The conposition conprising

0. 0475 wei ght percent phosphorous as 20 zinc dithiophosphate is referred
to hereafter as "0. 3 ﬁﬂﬂ% LI j 95 wei ght
per cent phosphorou59§§§?ﬁﬁgfhéﬁg%%%%hosp g?gﬁégﬁ?gﬁggégghﬂgS%g%eafter as
"0.095 % P". Tdmaens:umi@aptotﬁmneten;pmmmemaredmhhMGﬂepmrcéW@st ed for wear

25 performance in a Se nce V\A i ne tes The uence |V,
eval uat es ﬁéfﬁsmwt ﬁ é’nPHSlBP’é%/%frF@F‘hg’% tﬁﬁ‘bgﬁwear in an

over head Ca”ﬁh%ﬂexﬁ@&h%en%@a% gedffopallelwear;éa@nt?ﬁfsr@msyt&s the ability
of crankcase oil to control canshaft |obe wear for spark-ignition engines
equi pped wht h pamary el ivsind fvlaﬂheécstr&mn@rmr@mtdcwgndadeﬁ@hll ¢ This test
is to sinmulate _service 30 or t i el iy .commut er
vehi cl es. The ‘@@ﬁﬁ%%%lqe\ﬁ& ?a&lpe %Bol()b % g’@ o(ﬁ(rn}{ fu’ﬁl%tr?\c}o Vi ng 100
hourly cycl ekinena®id vidt6sity; Gandiletich; ahd tvesr :ﬁﬁﬁrsaidnr(gemﬂﬁﬁbppér (&unges.

Unl eaded "Hal termann KA24E Green" fuel is used. The f ext flxture is a
KA24E Ni ssan ¥gsspfail criteriadnclydg averagsspegvear g 2§ ﬁj‘%@taé’dméﬂgl iThes testiscy| i nder

in-1ine, over CanE [ %ﬁflﬂtjé%t val ve
per cyclinder Qﬁﬁg%ﬂ At tﬁé&{smgﬁt#&ntaﬁgnf%??#gtgg%ﬁ 0 the fgﬁfgm obes is
measur e afl0sebgromneetl ampmeusdt kabosatpriesfin lacroedanice wathi drift Meas hresg paxi num
depth of wear Measurenments of wear on all seven positions of each | obe
are added: thasvigipn datg St Jayary @002, enent s are averaged for the wear result.
This result is the 5 primary evaluation for the test. Secondary results can
include cam | obe nose wear and engine oil parameters. At 100 hours, the
used oil is eval uatIethJ:‘, ongine festnwaatis meviusebmi tigrons v metil irerpend; framd  wear

metal's iron ( l? cam E)b R re;gc%]e)d as ACW uncorrected. Higher values of metal

15 removed correspond to poor wear properties of the oil. The results of this

evaluation are set forth in the table below:

Example Amount of Wear
Comparative Example (0.0475 % P) - 332.3 microns
20 Comparative Example (0.095 % P) 45.6 microns

These results evidence that by lowering the amount of phosphorous in
the composition (due to zinc dithiophosphate) by 50% results in an

25  approximate 7 fold increase in wear.

Example 1
The purpose of this example is to demonstrate that acceptable wear

performance is achieved using less than 0.08 weight percent phosphorous in
30  the lubricant composition when the composition comprises a dispersed,

hydrated, alkali metal borate.

Specifically, two fully formulated lubricating oil compositions were
prepared using the following additives:
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Pass/fail criteria include average cam wear of 120 nmm nmaxi mum This test is
currently under consideration as an ASTM standard and is currently
performed 10 by conmercial engine test |aboratories in accordance with
draft No. 6 having a revision date of January 2002. In this engine test,
wear is measured in mcrons of netal renoved from the camlobe and is
reported as ACWuncorrected. Higher values of netal 15 renoved correspond

to poor wear ’gﬁ%ﬂ%‘kﬂ%sdl%fe[;’éﬂ Z?bé%\?e results of th|§8 “%Y@t'ﬁ@fcbﬁtn are set

forth in the t g \éygj a Nt 9 f \Wear
(0.0475 % P) 332V8'Hh ﬁe(ﬁ%f’zuﬁn %;g Ve Exarrpl e (0 §§ % 6 ni crons
These resul ts BIEIEEADEST ?3 e anount of 15%% 1Sus in the
conposi ti o (dGecdghophesphate KFUBHELIAR ‘éﬁ‘ eoy 50% results in an 25

approxi mate 7 fold i ncr é&8or h0qe HeightRahgl #hespy ﬁh gose of this exanmple
is to denonstr¥lopmeer accept abl e wear perfornance i SP-4ovsighfearcgat ng | ess
than 0. 08 wei ght percent phosphorous in 30 the |ubricant conp05|t|on when

t he conposition co es a erse drat ed, orate
Specifically, two f: a?}“?%??ﬁﬂ‘?i?‘ %ﬁ?‘? Or?mo&ﬁoglgg%)%m i %n%c wer
prepared ug ngcdfﬁk%sﬁrfédGMu@gIﬂﬁkéloﬁﬂﬁé@ﬁ}gerlaﬂerﬁm&\hmo@itﬁefm&lﬁSlTaﬁ:ant (2300
MA 2.8 weight percent Low overbased cal cium sul fonate degergent 5.5
mllinoles —H Y°6veppuddaforaSaiE sy arade a8 qjnt 55 nillinoles 5 Zinc
di t hi ophosphate (sufficient to provide 0.03 or 0.095 wei ght percent
phosphorous) VI inprover 9.4 weight percent In each case, the bal ance of
the conposition COﬂ&hbé&dsa&:dﬁ@ﬁﬁlt@h@didnolﬁlcdmilas}anyﬁispg'sed,@ydmmdldlkdihse oi |

having a kinematic viscosity of 10.4 cSt )
J metal borate, these g/omposi]flons were labeled “Comparative Example C”

15  (0.03 weight percent phosphorus) and “Comparative Example D” (0.095
weight percent phosphorus).

Two further formulations, identical to Comparative Examples C and D
above were prepared with the exception that these compositions further
20  comprised 2 weight percent of a dispersed, hydrated potassium borate
composition (OLOA 9750® — available from Chevron Oronite Company,
LLC, Houston, Texas, USA). Both of these compositions are compositions of
this invention which were labeled Examples 2A (0.03 weight percent
phosphorus) and 2B (0.095 weight percent phosphorus).
25
The compositions described above were tested for wear performance in
a Mini-Traction Machine (MTM) bench test. The MTM is manufactured by
PCS Instruments and operates in the pin-on-disk configuration in which a
stationary pin (0.25 inches 8620 steel ball) is loaded against a rotating disk
30 (32100 steel). The conditions employ a load of 25 Newtons, a speed of 500
mm/s and a temperature of 150°C.

In this bench test, wear is measured in microns of metal removed
between the pin and the disk. Higher values of metal removed correspond to
35  poor wear of the oil. The results of this evaluation are set forth in the table

below:
8-



100C to provide for a SAE viscosity grade 5WB0 oil. Since these
conpositions did not include any dispersed, hydrated alkali netal borate,
t hese conpositions were | abel ed "Conparative Exanple C' 15 (0.03 wei ght

per cent phosphorus) and "Conparative Exanple D' (0.095 weight percent
phosphorus). Two further fornul ations, identical to Conparative Exanples C
and D above were prepared with the exception that these conpositions
further 20 conprised 2 wei ght percent of a dispersed, hydrated potassium
borate conpositi onExfh$® 9750 - avail abl e f AswufiheflVem O oni t e Conpany,
LLC, Houston, Texas, USA). Both of these conpgsitions are conpositions of
this invention whi CGOWQHY%%@@HGE‘)@WI es 2AZ4-0TYSIORE| ght per cent
phosphorus) and 2B é&“ggfgﬁ‘\fﬁ% 1P§y cent phosphgriisions25 The conpositions
descri bed above were teste or ar performance 1n a Mni-Traction
Machi ne (MBV) benchEtamgle 2Zkhe MIM i s nmanuf act u8.éanibsons PCS | nst runents and
operates in the pi Bé*on-d'gﬁk configuration in ich a stationary pin (0.25
i nches 8620 st eel yple &B| gaded against a rof AFPHAYUSI sk 30 (32100 steel).
The conditions enploy a | oad of 25 Newtons, a speed of 500 mmis and a
tenperature of 150C. In this bench test, wear is measured_ in mcrons of
metal renpved bet wEkase résaltpevidencd thah én tic shsenpp ghtbe disppised hyrirated, al r enpved
correspond to 00 ar. of the oil|l. T hi al uation are
set forth in tﬁgﬂf$%%£W§B%r% .%@Qg aﬁ%ﬁﬁgfiﬁgﬁh%&?ﬁ£Vég$%£§%parative
Exanmpl e C 2R. TapprsxiRamkly C0PRaight pseeraadHae apdroxithanle BalsesGhéaomite 2A 8. 6

m crons Exanple 2B 7.4 m crons .
of phosphorus was required to reduce wear to 7.3 microns. These results

further evidence that in the presence of 2 weight percent of the dispersed,
hydrated potassium borate composition, acceptable wear results were achieved
_ (8.6 microns) using only 0.03 weight percent phosphorus.
15
From the foregoing description, various modifications and changes in
the above described invention will occur to those skilled in the art. All such
modifications coming within the scope of the appended claims are intended to

be included therein.
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These results evidence that in the absence of the dispersed, hydrated,

al kali nmetal borate, significant wear occurred at a phosphorus |evel of 10
approximately 0.03 wei ght percent and that approximtely 3 tinmes the anount
of phosphorus was required to reduce wear to 7.3 mcrons. These results
further evidence that in the presence of 2 weight percent of the dispersed,
hydr at ed pot asgwmigor at e conposition, acceptable wear results were

achi eved (8.6 mcrons) using only 0.03 weight percent phosphorus. 15 From
the foregoing description various nodifications and changes in the above

descri bed inventi on wi | I agﬁgoﬁlegﬁg?ﬁﬁlijngg%%ﬁ%%%ﬁl ramdﬂn{ oFéhCh

nodi fi cati ons com ng vmt |n th cope ains are 1 ntended
to be incl udedl oflgbeeating@liseb®®s, 1. A | ubricati ng oi | conposition

conpri sing & maj or nt aQ | ubr i ng vi scosit at | east
one oi | -soPabl e, ggaﬁﬁ eo‘ﬂL ‘g‘r&;ﬂ?’é?hﬁ?ﬁ&m%?n?"in £ TREEE r?&HYP\%H%%. n the
wei ght per centywhdrein@hdive PALSRBGHL QP&)té.lfiahbﬂﬂ:oP&ﬁth el dotpoksFion@s AP fRre t han
about 0.08 wei ght percent” based on the total weight of the conposition;

and an ant i - wethan gfoue 8108 wecightparsenidfased ot Bgdoiabucighyoff the edmpesitiensi net al

10 borate. The lubricating oil conposition of Caim1l wherein the total

phosphor ous |nant he conposition is no nore than 0.05 wei ght percent based on

the total weight aindnfiewenrpoctie iound bf Bdisgdised, Uidrated] Alkali picktal cOMposi ti on

of Claiml or 2 wherein the oil-soluble, phosphorous-containing, anti-wear

conpound il so&eed fromthe group consi sting of metal dithiophosphates,

phosphorous esters, anm ne phosphates and am ne phosphi nates,

sul fur-cont ai ni ng phosphorous esters, 20 phosphorarni des and phosphonani des.
2. The lubricating oil composition of Claim I wherein the fotal

phosphorous in the composition is no more than 0.05 weight percent based on
‘ the total weight of the composition.
| 15
3. The lubricating oil composition of Claim 1 or 2 wherein the
oll-soluble, phosphorous-containing, anti-wear compound is selected from the
group consisting of metal dithiophosphates, phosphorous esters, amine
phosphates and amine phosphinates, sulfur-containing phosphorous esters,

20  phosphoramides and phosphonamides.

4. The lubricating oil composition of Claim 3 wherein said
phosphorous esters are selected from the group consisting of phosphates,
phosphonatés, phosphinates, phosphine oxides, phosphites, phosphonites,

25  phosphinites, and phosphines,

5. The lubricating oil composition of Claim 3 wherein said sulfur-
containing phosphorous esters are selected from the group consisting of
phosphoro monothionate and phosphoro dithionates.

30

6. The lubricating oil composition of Claim 3 wherein the oil-

soluble, phosphorous-containing, anti-wear compound is a metal

dithiophosphate.
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4. The lubricating oil conposition of Claim3 wherein said phosphorous
esters are selected fromthe group consisting of phosphates, phosphonates,
phosphi nat es, phosphi ne oxi des, phosphates, phosphonites, 25 phosphinites,
~and phosphines. 5. The lubricating oil conposition of Claim3 wherein said
sul fur- containing phosphorous esters are selected fromthe group

consi sting of phosphoro nonot hi onate and phosphoro dithionates. 30 6. The

phosphor ous- cont ai i ng. - Tt PEEP et ataoe o vt el IEmR M phat e. - 30
7. The | ubri cadihﬁq,}@gﬁhm%ﬁgai%gﬁmgpﬁbgphﬁtemg ein the netal

di t hi ophosphate is a zinc dial kyldithi ophosphate. 5 8. The l|ubricating oi
conposition of Claiml wherein the dispersed, hydrated, alkali netal

borate is sel ected, from [. i St ISP, L hydrat ed,
sodi um bor§t es ancdjg'd‘i spei@egggnﬁay%ﬁg)@e%g?ﬁjﬁg?%Islg?gﬁq Slo‘?[ét%ggl.th 0 9. The
| ubri cating oidisprasgpoisydrated) abifaliGhetahbdkatelis S:lectdiefr@nnthsgiodp cohsigigesed,
hydrated, al kali_netal borate is a dispersed, hydrated, sodium borate. 10.

The | ubri cat i rf dspersedydEated: spdipm horateiind Gspessegniardsptid.ofafsiugs i sper sed,

hydrated, al kglj¢getal borate is a dispersed, hydrated, potassium borate.
11. A nethod for controlling wear during operation of an internal
conbusti on engi ne, which nethod conprises operating the engine with a 20

| ubri cant ,conpositjon c rising a j Or amoun f. jl. of lubricatin
-viscosity}%a?plea one’ qQ@EW%@BQﬂ%%ﬁwgﬁﬁg?BEQE@Bﬁ?%ﬁ%V%ﬁ?Hgﬁ?i7mear )
conpound wher gji&het8, mgirﬁ&!, aRQNGRAE] Batt ¥ PHispReSDRGIAE, dodnfdhe conposition

iS no nore th%P about "0. 08 'wei ght percent based on the total weight of the
. orate.

10. The lubricating oil composition of Claim 1 or 8 wherein said
15  dispersed, hydrated, alkali metal borate is a dispersed, hydrated, potassium

borate.

11. A method for controlling wear during operation of an mternal
combustion engine, which method comprises operating the engine with a
20 lubricant composition comprising a major amount of an oil of lubricating
viscosity, at least one oil-soluble, phosphorous-containing, anti-wear
compound wherein the weight percent of total pﬁosphorous in the composition
is no more than about 0.08 weight percent based on the total weight of the
composition, and an anti-wear effective amount lof a dispersed, hydrated alkali

25  metal borate.

12. The method according to Claim 11 wherein the total
phosphorous in the composition is no more than 0.05 weight percent based on
the total weight of the composition.

30
13. The method according to Claim 11 wherein the
| oil-soluble, phosphorous-containing, anti-wear compound is selected from the

group consisting of metal dithiophosphates, phosphorous esters, amine
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conposition, and an anti-wear effective anount of a dispersed, hydrated

al kali - 25 netal borate. 12. The nethod according to Caim11l wherein the
total phosphorous in the conposition is no nore than 0.05 wei ght percent
based on the total weight of the conposition. 30 13. The nethod according
to Caim1l wherein the oil-sol uble, phosphorous-containing, anti-wear
conpound i s sglhegitReksfahaBmiftephogplitiftes; QFISEIntAnaAE phiBiphbrdlistehiegphosphat es,
phosphorous esters, amine -31 phosphates and am ne phosphi nates,

sul f ur - cont ai MbagpherERidrbHnd rhosphaiamidesphosphor ami des and phosphonani des.
14. The method according to Cl aim 13 wherein said 5 phosphorous esters are
sel ected fromthe, group consisting of phosphates, phosphonates,
phosphi nat es, phodghi ne Theimehod pdrosfihg teeGlaimlidsyliensin sdd, phosphinites,
and phosphines, 15. The nethod accordi to Cai.m 13 wherein said sulfur-
10 cont ai nPng P&ﬂﬁéﬁ%ﬁs&a@m@& e i6F Bosud ety CPP%}ﬁql}gfféfpﬁ’Pﬁiﬁ‘ﬂteéonsi sting of
phosphor o nMonekbLeRAktEs, PAGspALIRNIEApHInt BkRRAESsphils, phagpudaithod according
to Claim 13 wherein the  phosphorous contalning conpound 1s a netal

di t hi ophosphatpbosphinites, arfiiphosptiiesd according to C aim 16 wherein the neta
di t hi ophosphate is a zinc dialkyl dithi ophosphate. 20

15. The method according to Claim 13 wherein said sulfur-
10  containing phosphorous esters are selected from the group consisting of

phosphoro monothionate and phosphoro dithionates.

16. The method according to Claim 13 wherein the
phosphorous containing compound is a metal dithiophosphate.
15
17. The method according to Claim 16 wherein the metal

dithiophosphate is a zinc dialkyldithiophosphate.

20
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