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TITLE OF THE INVENTION AN ANTI-WEAR ADDITIVE COMPOSITION
AND LUBRICATING OIL COMPOSITION THE SAME 5 FIELD OF THE
INVENTION The present invention.is directed to an improved anti-wear
additive composition that may be used in lubricating oils, such as, but not
limited to, manual transmission fluids, automatic transmission fluids,
continuously 10 variable transmission fluids, hydraulic pumps, engine oils
and gear oils; and a proideds fof pitepanng-ikg Kashe. BACKGROUND OF
THE INVENTION Most base oils which are used as lubricating oils, such
as engine oils or 15 automatic transmission fluids, require the addition of
additindETioWERKBY & EHal T Eciraatie © 61 The fubiiiating DR EhWAING O1L

~ reduce the friction and ' r a vehicle that rub
together. These additiv(\gég[r%{g%]rﬁg%\?gﬁaisgfi{ydg as ones that influence
the physical and chemical properties of the base fluids or affect primarily
the metal surfaces by r}g%ti%ilagzt i %%9 i ‘Qemical properties. One
such additive is an ant'rvvear?ar@m reduce wear of metal
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compositions provide suitatle wear " inhibition to meet the n CSI\/Il

prepesificatipresanizg dens@mwear inhibitors may cause copper corrosion. 30
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BACKGROUND OF THE INVENTION

Most base oils which are used as lubricating oifs, such as engine oils or

automatic transmission fluids, require the addition of additives to improve the
performance of the lubricaling oil and/or to reduce the friction and wear of the
moving parts of a vehicle that rub together. These additives are generally
classified as ones that influence the physical and Chemical properties of the
base fluids or aﬁecf primarily the metal surfaces by modifying their _-
physicochemical properﬁes. One such additive is an anti-wear agent that is

used to reduce wear of metal components.

When General Motors Corporation (GM) upgraded its DEXRON®-1|
specification, several test procedures and limits were 'fevis'ed, includ_in'g the
wear limit. Previously .the maximum weight loss accepted by GM was 15 mg.
In the new specification, GM reduced this fimit to 10 mg weight loss
maximum. Not all anti-wear additive compositions prévide suitable wear
inhibition to meet thé_ new GM speciﬁcations. Also some wear inhibitors may

cause copper corrosion.



10

15

20

25

30

BACKGROUND ART Rounds, Patent No. 3,053,341, discloses a lubricant
additive and a method of lubricating a hydraulically controlled automatic
transmission and a hypoid gear type differential. The lubricant is a
relatively low viscosity base material, 5 which is suitable for operation in

an automatic transmission,wlg'ﬁ R ' it ﬁ additive, such as

dialkyl phosphite. These type en used as antiwear
ddditives, BatereNord 658, SBaltadisadoppe s dnidrivanids dditiveeeh G Minethod of
specifications, 1Q Minami et al S, Patent No..5,792.733, disclpses .

R B At e e SRS S S AT Dgoid gear
apbatifdrentiile Beecildbrafdnbiscatietatiadg oy istoding naseraiatedal,
sypthetic lubricating oils and mixtures theregf. The composition.. , . .
WA 18 Sl e o R R e KRR, hish s e
avidasnamdjivesshuivas diatipd phdsphide THhegdrogabai ofdboakkthtve

carbon S ing ethylenic _unsaturatian. Jaffe, U.S. Patent
e T 5y N R e e RS S RS TG woul
pnotessateSiit's ispe tifgtatioasity diethyl phosphite product 20 having low
acidity. Ryer et al., U.S. Patent No. 5,185,090 and U.S. Patent No.
5,242,612 disclose an anti-wear additive comprising a mixture of products

féfimachbgt simbltSnétadsiyt MachinidpPaly ad elisicjoses\atitiostdwar|dritans
thiobi n a 0 -containing reactant, such as .
e e R R TR R B 51 Fg o
ashledyitaéirg iviptositis draniuaimigwednmd ditides odhedasitibricatingrigisgind

d [ ite co alok a eutral )
e 30 R R e AR B g Bscosity, an
adniinieariopgrovigoamount of at least one phosphorous compound, and a
hydrocarbon of about 6 to about 30 carbon atoms having ethylenic

unsaturation.

Jaffe, U.S. Patent No. 4,342,709 discloses a process of producing diethyl
phosphite. This process results in a high quality diethyl phosphite product
having low acidity.

Ryer et al., U.S. Patent No. 5,185,090 and U.S. Patent No. 5,242,612 disclose
an anti-wear additive comprising a mixture of products formed by
simultaneously reacting (1) a betahydroxy thioether, such as thiobisethanol

and {2) a phosphorous-containing reactant, such as tributyl phosphite.

SUMMARY OF THE INVENTION
Accordingly, in a first aspect, there is provided an anti-wear additive

composition comprising:
(a) atleast one acid phosphite compound:
(b) at least one neutral phosphite compound; and
wherein the weight ratio of (a) to (b) is from about 1.0:10.7 to about
2.0:1.0.
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2.0:1.0. - 2 In a second aspect, there is provided a lubricating oll

composition comprising: (a) at least one acid phosphite compound; (b) at
least one neutral phosphite compound; 5 (c) an oil of lubricating viscosity;

and wherein the weight ratio of (a) to (b) is from about 1.0:10.7 to about
2.0:1.0. In a third aspect, there is provided a method of making an

anti-wear additive 10 package comprising: mixing at least one acid

pinos seite nd dgpretdindteds peavtdeteankeibiabiingspihiteropogitiond;cemplrising:
wherein, the yati i ' .to the neutral phosphite
compoI%r):d ié{?%%ga%%%% %96%8%‘]%%5‘3@9‘8&1[‘% 15 Disclosed herein is

a methbgl ofahisiisiocare avetiinalphentgitiite compositidn comprising: mixing

at least gne ite C d with at least one acid phosphite
compo{??wd vﬁ%@%lr&%?ﬁv%%ﬁ? r@%ﬁ’egégd phosphite compound to

the neutral pHeglintéheowpighhdaticfahia P 4bois frar elvotd Adbde.7 to about
2.0:1.0. In aé%u{tla aspect, there is provided a method of making a

lubricating oil ‘composition comprising: sequentially or concurrently mixing

an oil of lubricating viscosity with at least one acid phosphite compound

s e P o e S A R v
mkage:quptﬂsm;‘gmizioglaj.lga:stme@ﬁéreim;sp@memmoummtb at
lybricaging R#@Pﬁ?@ﬂ%%}?ﬂit&%ﬂ?&%ﬂﬁd SOrREAMRRLAHY SRR N id
mixing an oll or lubricating viscoslty

phosphite compound to the neutral phosphite compound is from about

1.0:10.7 to about 2.0:1.0.

Disclosed herein is a method of making an anti-wear additive composition
comprising:
mixing at least one neutral phosphite compound with at least one
acid phosphite compound wherein the weight ratio of the acid
phosphite compound to the neutral phosphite compound is from
about 1.0:10.7 to about 2.0:1.0.

In a fourth aspect, there is provided a method of making a lubricating oil
composition comprising: sequentially or concurrently mixing an oit of
iubricating viscosity with at least one acid phosphite compound and at least
one neutral phosphite compound; wherein the ratio of the acid phosphite
compound to the neutral phosphite compound is from about 1.0:10.7 to about
2.0:1.0.
Disclosed herein is a method of making a lubricating oil composition
comprising:

sequentially or concurrently mixing an oil of lubricating viscosity

with at least one neutral phosphite compound and
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with at least one neutral phosphite compound and -3 at least one acid
phosphite compound wherein the weight ratio of the acid phosphite
compound to the neutral phosphite compound is from about 1.00:10.7 to
about 2.0:1.0. 5 In a fifth aspect, there is provided a method of reducing

wear of metal components comprising lubricating contiguous metal
components with the lubricating oil composition as defined above. 10
Disclosed herelwistisreraciti@pthos pbiteatogpeandiwneiaicempaariis ratio of

comprisingl brlca contjguous metal components Wth alubrl ating oil
composition Srﬁ& ﬁﬂf ljﬂg EALPRDG &y ﬁ ‘rﬁ‘?j H%‘@?U”d s

least one nefiitial aboaphiGocOPIPeyathoand. 0.3 .(@) a major amount of an
oil of lubricating viscosity; wherein the weight ratio of (a) to (b) is from
about 1.0:10.7 to about 2.0:1.0. -3a It is therefore the aim of the
emboiiithenisatisdesrdib previdedwvidthan ohmsavemgnicwesf ardiive

o T A e e

QebFidatinguENBIODb Yitlute élse:!m@étﬁ@bwsusceptlble to various

modifications and alternative forms, specific embodiments thereof have

been shown by way of example in the drawings and are herein described

ir{mwbéﬁéhmmmeisuadmsubod oﬁmﬁe\wfg thetathef destaltindwieritof
ecific. emb ts IS nrlglntended 0,to limit the inve

the . .
p RS ReHE Uhal Iod S BRHG THD B AP R TR %fa, .@%6‘86(}89 Al
nuatrippaditios, @ympvédargs, and alternatives falling

(a) atleast one acid phosphite compound;

(b) atleast one neutral phosphite compound; and

(¢) a major amount of an oil of lubricating viscosity;

wherein the weight ratio of (a) to (b) is from about 1.0:10.7 to about
2.0:1.0.

-33 -
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within the spirit and scope of the invention as defined by the appended
claims. Definitions 15 The following terms used within the description are
defined as such: The term "oil-soluble wear reducing phosphorous
containing component (s)" refers to additives in lubricant compositions

ntai horous and which exhibit an ear henefit, eithe
olbisce Rt T Eo/06 CAIBIGTRAS SIRGIPGH (e inid Bigwide an
pepeovédldhticang aiisitiveatoatpbsitionttirdiéeds e MapLEH BARGTISHPY
qu1dsba tomati tBans ISSéJcp Fsu%s Q?htlnu sly variable transmission
AR O A A AR OB RS SR P HISHY GRBPIHEKERRIOal
phosphorous" refers to the total amount of phosphorous in the 25 lubricant
composition reg
of an oil-solubl m\ﬁ%
thedenthef mmﬁtﬁamtam!smﬁbwonebtmﬁ@ommtmmab aﬁ @iéuﬂtuve
phosphorous..The amount of phos ous in the | brlca
B I RO A AR (R 6 Mot HESD RO E R SR, P pramle
remotam@ermaldr@tw&@mmmwutmdmmrk Ifehasinasdiapterstonbd,
tomatic tran ion_fluids rlma.rlly or use.in GM
RS e e R S R R e PRS M RIE QP Infended
attditag traeripesittonwditie pza&lcombmmmabmﬁtmﬁta)h&hﬁalontrary, the
ite compound |tha t one acid phosphite ound h
R R R g S DR B b s g
smtaﬂeﬁhe splatlwaimmpefouttmblm\tm&mlasi@iﬁirmwmﬂ\e)upmrmaﬁaums.
and other such metal comprising materials; furthermore, this novel,

non-obvious anti-wear additive composition meets new wear
irgtiognsts for automatic transmission fluids pursuing DEXRON(n)-IIl, H

RFh"eS’f%ﬂo I’}%{:’e Q?r]htgruge WI%N ?h”l)de%‘c):np foh are defined as such:

The term “oil-soluble wear reducing phosphorous containing component (s)"
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 that are present in lubricating oils, such as, but not limited
to, manual transmission fluids, automatic transmission fluids, continuously
variable transmission fluids, hydraulic pump fiuids, engine oils and gear oils.

The term “total phosphorous” refers to the total amount of phosphorous in the
lubricant compaosition regardiess of whether such phosphorous is present as
part of an oil-soluble wear reducing phosphorous containing component or in
the form of a contaminant in the lubricant composition such as residual
phosphorous. The amount of phosphorous in the lubricating oii composition is
independent of source.

The term “DEXRON®-{il" refers to a General Motors Corporation trademark
for a specification for automatic transmission fluids primarily for use in GM

automatic transmissions.
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10 The Additive Composition The anti-wear additive composition of the
present invention contains two oil-soluble additive components. This
anti-wear additive composition may he used in lubricating oils, such as
but not limited to, manual transmissions fluids, 15 automatic transmission
fluids, continuously variable transmission fluids, hydraulic pumps, engine
oils and gear oils. The additive composition of the present invention
comprises at least one neutral phosphite compound combined with at

It *%%%88# 8@902%%%8%8&8 BAMIChinA WEIHE i 8%9@?8%&?% which

eauces remov metal of two mating surfaces In relative motion. 20

is ncludbiir itTe oheahing ofrecitaiic newer phosphitecorpuilingd kest one
ao@i@%ﬁgﬂﬂ@%&%&%‘?{%é@ﬁ aGItLPOSERUIR-COTRPUNIS MY Pbrising

from the” group comprising hydrocarbyl phosphite compounds
waﬁcmﬂﬁgibgtm@pmﬁuéﬂ ree @hgarsas N g bgemsnisspiiteedimpounds.
trahRERELYRL PhosRRILe 25 GOmpRURdS mAKReSEIRHEAIAM dRgBaHR
comprising hydrocarbyl phosphite compounds including but not limited to

matipijales dayP PROspHifEs navekdiabRESHNIR JBYEan aoslityrarcimmmrgition

m d%ﬂ%@xﬁ\ﬂ%&s%}%b&%&%%‘?@@%%%I&FQH%M%%@WH#% FUQRG O

. X P~ Oi'lRO" P 5 wherein R and R' are independently
Ditveblirbll drotsy risnng rernabsni Edtabblip i cappervatoms,
preferably from about 4 to about 18 carbon atoms, and more preferably
from about 6 to about 16 carbon atoms. The R and R' 5 groups may be
, aromatic, and straight or branched

The anti-wear additive composition of the present invention contains two
oit-soluble additive components. This anti-wear additive compaosition may be
used in lubricating Qifs, such as but not limited to, manual tfransmissions fluids,
automatic transmission fiuidé, continuouély variable transmission fluids,
ﬁydrau!ic pumps, engine oils and gear oils. The additive composition of the
present invention comprises at least one neutral phosphite compound
combined with at least one acid p.hosphite compound in a weight ratio that

drastically reduces removal of metal of two maling surfaces in relative motion.

ln(_:luded in the meaning of acid and neutral p.hosphite compounds are organic
phosphite esters. The acid phosphite compounds may be selected from the

group comprising hydrocarbyl phosphite compounds including but not limited

- to dihydrocarbyl hydrogen phosphite compounds. The neutral phosphite

compounds may be selected from the group comprising hydrocarbyt

phosphite compounds including but not limited to trihydrocarbyi p'hosphites.

An acid phosphite compound, such as dialkyl hydrogen phosphite, is

fepresented'by the following formula:

OR! o R o

.

ROT TOH
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chain aliphatic hydrocarbyl radicals. Representative examples of suitable
R and R' groups include methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl,
t-butyl, n-propenyl, n-butenyl, n-hexyl, nonylphenyl, n-dodecyl,
n-dodecenyl, hexadecyl, octadecenyl, stearyl, iso-stearyl, hydroxystearyl,
and the like. 10 Preferably, R and R' are alkyl or aryl, most preferably
alkyl. Preferred acid phosphites include dihydrocarbyl hydrogen
phosphites. More' preferred dihydrocarhyl hydrogen phosphites include

wisalionl RysliagRNa RIPRIINIE S EURTHNAS BB IR HRE Hial ki NS ee about 1
phosphites include dilauryl 15 hydrogen phosphite, which is manufactured

o ZRPLbifRARIRSHACME., PraignBbly fienahsrded tambrun R Keaepanaiems,

arl@ersre ReIa N IRBROSHOB: 839 dhrddiianisheing purchased oM
Rhodia, Inc., dialkyl hydrogen phosphite 20 may be also be synthesized

IRGRT Wb RAPBEEE SE L BaeH Sl tRafiBR e H Uy agdbAt Rgnched

chéid4igRtiwhiririeHergiRdaRABOTRISSHBYeferoR S Aipredrat BNRSBRItER
compound, such as trialkyl phosphite, is represented béé‘the following

aNf i FEP RS RRE YSIOMRILIE, R W Eréiro RYIRPAAR R ahs el épeiide iRty

n-pysiieagrbyliaesns havieg,remnabadhiin 24cerbanaiRms Brsferably
from about 1 to about 24 carbon 30 atoms, more preferably from about 4
hegPdGi 5 BHBER Mo mE M RoSieRRe P PHUR A PE e Bibon

Praferaly e #hdRiv'an@ Blkgronpsymayost br«fatutaied gy unsaturated, and
straight or branched chain aliphatic hydrocarbyl radical. Representative

examples of suitable R, R', and R" groups include methyl, ethyl, n-propyl,
Prefaopyl avitdutito siitgls triasitlerdihydrocarbyl hydrogen phosphites. Mare

preferred dihydrocarbyt hydrogen phosphites include dialkyl hydrogen
phosphites. Even more preferred dialkyl hydrogen phosphites include dilauryf
hydrogen phosphite, which is manufactured and sold by Rhodia, Inc., |
Cranbury, New Jersey, and is marketed under the trade name Duraphos AP-
230.

In addition to being purchased from Rhodia, Inc., dialkyl hydrogen phosphite
may be also be synthesized from well known processes such as that disclose

in U.S. Patent No. 4,342,709, which is herein incorporated by reference.

A neutral phosphite compound, such as trialkyl phosphite, is represented by

the following formula:

R—
b
'.___O/Pm O\Rii

wherein R, R’, and R are independently hydrocarby! groups havi}‘lg from
about 1 to 24 carbon atoms, preferably from about 1 to-about 24 carbon
atoms, more preferably from about 4 to about 18 carbon atoms, and most

prefe{ab!y from about 6 to 16 carbon atoms. The R, R’, and R” groups may

-6
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propenyl, n-butenyl, n-hexyl, nonylphenyl, n-dodecyl, n-dodecenyl,

hexadecyl, 5 octadecenyl, stearyl, i-stearyl, hydroxystearyl, and the like.

Preferably, R, R' and R" are each alkyl or aryl Preferred neutral phosphite

compounds include trihydrocarbyl phosphites. More preferred

trinydrocarbyl phosphites include trialkyl phosphites. Most 10 preferred

trialkyl phosphites include trilauryl phosphite, which is manufactured and
besoltibyt&Rhodia)dntuandds andrkétaghinadsthectiadechamearapbos

P. ition,to.bein ased from Rhadia, Ing¢., trialkyl phosphite

R B S S R B e
gran b $1dRatenndioy2 S4814n4owhigh ighepginintotpoidbedyhy-faiéybmce.

T ricafi IL ositj ear ing cambination pf at
P S OB B
octuiapenyd Hegevle itz atddiyidradyabsaoll,. asutthadibn. olP cfferatibatiRg R’

i$c0S] ' fficiept.to lubricate and reduce the wear of metal
anéﬁa%ﬁ%%o%@r‘ ggr% g)'nents which are present in axles,

transmissions, hydraulic pumps, engines and the like. Typically, the

ot : . i . ) .
P T D AdS s
Magatprasaraddiived somposinbasanics isdodplidalidiphosasitene Mt

pr&e%m;%m%yﬁae iALieasoRe Af Hakenﬁa?m?ﬁﬁ?@%ﬁggﬂafaaufed

Specifically, in addition to the oll of lubricating viscosity, the lubricating ol
andginlsbitibiedinalns. anddaifve ceiep osiden thairf@hatiedducmphasid
1180 phosphite compound such as dihydrocarbyl hydrogen phosphite, such

as dialkyl hydrogen phosphite, such as dilauryl hydrogen phosphite. The

lubricating oil composition also contains (b) at least one neutral phosphite
In ZRQRPOMNSING AT K IrsEPHRRAsPIite, sushaiialodiRhAsRNER:

such
synthesized from well known processes such as that described in U.S. Patent

No. 2,848,474 which is herein incorporated by reference.

The Lubricating Oil Composition

The wear reducing combination of at least one neutral phosphite compéurxd
and at least one acid phosphite compound is generally added to a base oil,
such as an oil of iubriéating viscosity, that is sufficient to lubricate and reduce
the weér of metal suffaces and other compdnents which are present ih axles,
transmissions, hydraulic pumps, engines and the like. Typically, the
iubricating oil comp'osi_tioh of the present invention comprises a major amount
of an oif of lubricatihg_ viscosity and a minor amount of the anti—wéar add{;tive
composition, which is Comprised of at least one acid phosphite cdmpoﬁnd and

at least one neutral phosphite Compbund.

Speééﬁcafiy, in additionl' .t-o the oil of lubricating viscosity, the lubricating oil
composition Contains ah additive Co‘mposition having (é) at least Qné' aéid
phosphite compouhd such as dihydfocar_byi hydrogen phosph*ite,.ﬂsuch as
dialkyl hydrogen phospﬁhi?e, such as ditauryl hydfbg_en phosphite. T'he

- Hubricating ol Composifion also contains (b) at least one neutral phosphite

-7
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as trilauryl phosphite, in the lubricating oil composition. The preferred ratio
of (a) to (b) in the lubricating oil composition is from about 5 1.0:10.7 to
about 2.0:1.0. More preferred, the ratio of (a) to (b) in the lubricating oil
composition is from about 1.0:10.1 to about 1.6:1.0. Even more preferred,
the ratio of (a) to (b) in the lubricating oil composition is from about
1.0:9.9 to about 1.0:1.6. Most preferred, the ratio of (a) to (b) in the
coluproating:oit esripogitionsgirbphaboiuitd. 619: 1 tesdbalityl 0@ spil=TRech
lubricati ' pPositi i Wcl)rous weight percent
asfﬁéﬂéﬁﬁéﬁ%gﬁﬁ%ioﬁg %ﬁ&%ﬁ@iﬁe‘%ﬁﬁ (gﬁggp lite compound and the
at least one neutral phosphite compound of from about 0.003% to about

Th: I%?Qf‘)é?rgé 'i%‘ﬁé“@{i@gt%ﬁ@' iﬁ%@ﬂ%@%ﬁ'ﬁ%’@iRfSH?H@QtiH?ﬁE’ﬁB%‘é%ut

oil'15 composition ¢ s a total phosphorous weight percent from the

1-GamBitandoef 2 hlleddoonerabu! pHodphitetsoaidelhd @nditbeat least
Iutﬁgpﬁatﬁﬁ%@w S CRARAY R 9L TP AR QUL AORHC 1S aPGULE, 2R 0%y re

ubricating oil composition. Most preferred, the lubricating oll

prefsmpdstieratorapiiabtod Rt Brokiisoinol grpersiirirsnirane about
1.6omninalion of 1ha @t 2045ashRIBASIH pRosRRie cRmRoYRFiaRdShe at

least one neutral phosphite compound of from about’ 0.012% to about
lulgieating eff IGBMBRRMYCSIISCERP JhESotding e Matdlial Safety

Data Sheet (MSDS), Duraphos TLP is 25 comprised of approximately

90% trilauryl phosphite, 7.5% dialkyl hydrogen phosphite, 0.5% phenol
Thanyriosbing REPPREMSDSRIBER ARG ARPIDHsayses it aarmgnt
froRdl eV sdmenTaRssed afRPIoXIMaHRILERY b iR AR HBNASR S at

and 8% impurities. Duraphos TLP has %ood antioxidant ¢ ualities and has0
leaslyons Rffece bANPRABIE romRR N REF BUrABAS CFERIZ30 adeuhibRE0 %
of ailuhiicating silcBdailsdadneatithe pewraMavass sRafiealippy By
~ contrast, Duraphos AP-230 (dilauryl hydrogen phosphite) is a known anti-
composition comprises a tolal phosphorous weight percent from the
combination of the at least one acid phosphite compound and the at least one

neutral phosphite compound of from about 0.006% to about 0.250% of

- lubricating oil composition. Most preferred, the fubricating oil composition

comprises a tota_l phosphorous weight percent from the combination of the at

least one acid phosphite compound and the at least one neutral phosphite

“compound of from about 0.012% to about 0.100% of lubricating oil

composition.

According to the Material Safety Data Sheet (MSDS), Durééhos TLP is
comprised of apprdximaieiy 90% trilauryl phosphite, 7.5% di.a!kyli hydrogen
phbs;jhite, 0.5% phenol ané 2.0% impurities. The MSDS for Duraphos AP-
230 discloses that fh_is additive is comprised of approximately 92% dilauryi
hydrogen phosphité ahd 8% impurities. Duraphos TLP has good antioxidant
qualitiés'and has a good 'eﬁect on-friction; however, wheh Duraphos TLP is
used alone in a lubricating oll, it fails to meet the new GM wear specifiéatioh.
By conirast, Duraph.os__APr—%O {ditauryl hydrogen phosphi{é) isa 'kno:wn anti-
wear agent, as taught in U.S. Patent No. 3,053,341 which is incofporated

herein by reference, but is also corrosive towards copper. It has been

-8-
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wear agent, as taught in U.S. Patent No. 3,053,341 which is incorporated
herein by reference, but is also corrosive towards copper. It has been -8
discovered that a certain ratio of at least one acid phosphite compound,
such as dilauryl hydrogen phosphite, to at least one neutral phosphite
compound, such as trilauryl phosphite has a synergistic effect on the
reduction of wear, while this mixture is almost non-corrosive towards
diSQRRREJTIREXIBRIAS %ﬁ@i@héolt%t(&ﬁ@@@m@ﬂr@%a@@mﬁtﬁ)&nd such
herein) show that a neutra] phosphite compound, s rilaur
asmtf@whay@rag%&asﬁ%'ﬁm Adeashizis Re AR5 ﬁ%&&@é@%\d

suk@fHsanaay epRugihienhest she/nevwichd Aticweatepesifieationof wear,
Surpr smgly, however, when a synergistic amount of atle Et one ne tral

whleo ki R B S HE RS UK oM Ia P RETo EBRBHATbIES
wiviith f@l!lﬁﬁstﬁlﬁ@@tﬁlﬁm@ﬁpb@x@oﬁm@@dewm aE@wtaphamé\RﬁﬁBO

wear is reduced. The s |stc effect fth t t
PSR UBFARER|RE S hE A UrHIY A 10SSN e Sl HGeBRgE TLP). used
al6eepoundeaushidslildund hydr@@enephmﬁmieot@thmamﬁastmﬂeew GM

AR PR 0 1 S RO AL LB o e e o

' at%ﬁkp@@ép@tﬁr@@mm{ﬂdtesuommmwbhwﬂdgemphosﬁﬁﬂi@ tosthbiat

BRI AR E T BURRNGr IR

rom
ATBre preferre Re Tafio o L{ﬁa oS
AEIBaSUQm@aCié rﬂsrﬂﬁmsdte ’Cbmpwecgtsﬁmmmmatmw hwmgepqnm]mhﬂe

SR E R SR T

suafibe aliltea:yl bgéragmlrppbsppit&ecdmtfwadlesmﬂmg ditatmyl ;biydxe@@m
Ccfﬁk]]é)gﬁ e to he astPneOne tral r}(r:)&%hgg ?%%p@%ﬂg%@ 2_0;11 0.

ph 615% itg, |s':?ro ou 1 {0 abou pase oi
Meraploykamhytive i mﬂemf at\!raaet.ymfzcatscd)plfam@mﬁﬁ goviyeorityg, Theh
ARSI HRIATRASRSIRYSIRE 1 RS GRS AR bhite

compound, such as trilauryl phosphite, is from about 1.0:10.1 to a_bout 1.6:1.0.

zilé)s,tone neytral iho hite cam E@und uch as trilau yI Bhos hg?

Even more preferred, the ratio of the at least one acid phosphite compound,
such as dilauryl hydrogen _phosphii‘e, fo the at {east one nedtrai phosphite
compbund, such as tri_kéuryl phosphite, is from about 1.0:9.9 to about 1.0:1.6.
Most preferred, thef rat_i.o.'of the at least one acid phosphite comppuhd, such as

ditauryl hydrogen phosphite, to the at least one neutral phosphite compound,

- such as trilauryt ph(_)'sp_hi'te, is from about 1.0:9.1 to about 1.0:3.0.

The base oi c:‘zn’u:)!oyed= ._lrriay he any one of a vériéty of oils of lubricating
viscosity. The base OE_!&‘of lubricatihg viscosity used in stch _corﬁpositions may
be miherai oils or synthetfc oils. A base oil having a viécosity of at least
2.5 cStat 40°C and a pt)__gr'point belo_w 20°C, preferably at or betow 0°C, is
desirable. The base oils may be derived from synthetic or natural sources.
Mineral oils for use as the base oil i in this invention include, but are not fimited
to, parafﬂmc naphthemc and other otis that are ordmarrly used in lubricating
oil compos;taons Synthetic oils 1nclude but are not hmlted to both
hydrocarbon synthe’uc oils and synthetic esters and mlxtures thereof havmg
-0
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be mineral oils or synthetic oils. A base oil having a viscosity of at least
2.5 ¢St at 40C and a pour point below 20C, preferably at or below 0C, is
desirable. The base oils may be derived from synthetic or natural sources.
30 Mineral oils for use as the base oil in this invention include, but are not
limited to, paraffinic, naphthenic and other oils that are ordinarily used in
lubricating oil compositions. Synthetic oils include, but are not limited to,
thbotbsinydrasarsily.syhtieticacile msgripetie tid © stagsiankl daix ure sthexstof
. having, -9 ired i ity. carbon synthetic oils may includ
i, %zﬁéfﬁﬁeﬁgﬁ% waﬁm é?)ggf;ﬁ%r?nz%ﬁon 4 et%¥?er1telad r&ac?&gt'i‘ﬁ@]ao‘?eﬁn or

but are’not 0, oils prep € polymetization o ene,

PAudlyeliphaoiéfinpoepPred titen dryoite preparedy fidvshy grocadboe syrsinesis

Bl ; e
o o R T I R Ol i eens
Ussdiyiragrd roftil shyalolefidsmaiim gnthedsr dpeid iselysitgreEshalihbyaistng

_ o TS of "
Ry g R R G B
oligiipeseideni®he; caefipe auell. b defigasyimHeatieasstbisanthad @t

f e o sibibcpiaiol
e o e o R e T

Useliganihariaenferstilodbrlacis ealerdio mmyimaioadipaeids and
pofilauiylsghacateand W@u‘i5§-&83@#&2&?%@51!95%%%5‘%8@&'&“@@%1
dihydroxy alkanols can also

mono and dicarboxylic acids and mono anc
expERke aBttidsd evimelinpdis nAtasMhetiel sty ase pilgatasditlt-ofBylhexyl

adfsus, mﬁaeaggé%e%b%rﬁimg&a{%ﬂmmg?é% PleBARIDEDm

naphthenic base oil, or a synthetic hydrocarbon or non-hydrocarbon oil of

MigiHRAM NORLSHH dirRehsastoredn ard B rnHRt KN Rikang!s
cafyAS e Qiled ThasnastdTRiRrEeS! BasaRih s\ REANPIF GrRuR Al &sefui.

mixture of Group I! p'ei 20 Group IlI; a mixture of Group'll and synthetic
- oils; Group IV or mixtures

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

base oil, or a synthetic .hydrocarbon or non-hydrocarbon oil of lubricating

yiscosity. The base ol can also be a mixture of mineral and synthetic oils.
The most preferred base oil is a Group 11; Group lil; a mixture of Group Il a1
Group #ll; a mixture of Group It and synthetic oils; Group {V or mixtures

thereof.

Additionally, o‘iher additives well known in lubricating oil com’posiﬁons may be
added_to the anti-wear,additive composition of the present invention to

complete a finished oil.

Other Additives

The following additive components are examples of some of the components

that can be favorably ernjployed irt the present invenfion. These examples of
additives are provided to llustrate the present invention, but they. are not
intended to limit it: -‘ | |

1. Metal Detergents

- 10 -
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thereof. Additionally, other additives well known in lubricating oil
compositions may be added to the anti-wear additive composition of the
present invention to 25 complete a finished oil. Other Additives The
following additive components are examples of some of the components
that can be favorably employed in the present invention. These examples
of 30 additives are provided to.illustrate the present invention, but they

are r@h:iﬂtﬁi&ﬁ@rtgdmtdhzbd\/iﬂkqdz .ﬁfﬂ@m%@@ﬁﬂriéﬁ@mr alkeny!
unsulfurize alk Ior Ike q%%ateﬁ Iora en%/ garomatlc[
sulfoR4t8E o 5@ OBgEPuRYiHAcE P O EATrEssk
multlrhyd::bwlw k:yl mnaike,wbaagomamqum@soai&ﬂc eoalvenylds, alkyl
h dr ulfonates quun unsulfurized alkyl 5 alkenyl
oA R R o Rathe: Mg s R e A
alkenyd armm«udaplm'ehamﬂ;aham plausmalaﬂkme%ﬂﬂam@ﬁe&! saits of an
Anti- O(@%gants nti- de nts.r duc the ten enc mlne al oi

S
coto SRl SRR MTCH et R STACIE Ui LEeke) BHS prsaBe s

oxidation 10 such as sludge and varnish-like deposits on the metal

_surfa\;@@ﬁ| andyan increase in viscosity. Examples of anti-oxidants useful

in the present invention include, but are not limited to, phenol type

(pheﬁaﬁp@g@gﬁdﬁmm%t@u&pgg of mineral oils to deteriorate in

4,4 @@mwg%mﬁ@&e@wtﬁmgleb%&éd%ffﬁésg&agb@f&%%anon

phenol) 4,4'-bis(2-met @/I 6-tert butylphenox
2,2-widthyfendusisaandgirestiittsugnprensiprutaesugipl surfaces and by

idenerhig(3eaaiyk GrieBRYYIPRERRIDS of anti-oxidants useful in the

4,4'- |soprop%/I|dene bis(2,6-di-tert-butylphenol), 2,2'-methylene-bis(r)r-
present invention imclude, but are not limited fo, phenol type {phenolic)

oxidation mhlbitors such as 4,4'- methylene -bis(2,6-di-tert- butylphemf i,
4.4'-bis(2,6- d[—tert butylphenol) 4.4'-bis(2- methyi -6- tert~butylpheno£§
2,2'—methyfene—bfs(4~methyi—6—tert—butylphenol),

4 4"butylidene-bis(3-methyl-6-tert-butylphenol),
4,4'»«&sopmpy_lidene-bis(?_,6—di—tert~butylphenoi), 2,2-methylene-bis{4-
methyl-ﬁ—nohyl_ph_enoi), 2,2‘-isobutylidene«-bis(4,6-dimethyi:phenrol)g
2,2-5-methylene-bis(4-methyl-6-cyclohexylphenol), 2,6-di~ter_t'-butyi—ciw
rﬁethyiphenof 2 6—di—tert-butyl%ethyiphenol 2 4wdimethyi~6—tért—butyl—
phenol 2,6-di- tert- I—dlmethylammo -p- -cresol, 2,6-di-tert-4-(N,N'- -
dlmethylammomethyiphenol) 4,4'-thiobis(2-methyl- -6-tert- butylphenol)
2,2"thiobis(4-methyl-6-tert-butylphenot), bis(3-methyl-4- hydroxy-S tert-
10-butylbenzyl)-sulfide, and bis(3,5-di-tert-butyl-4-hydroxybenzyl).
-D'iphenyi_amipe-'.type bxidation‘inhibitors include, but are not limitéd to,
alkylated diphgny?gmine, phenyl-alpha-naphthylamine, and

alkylated- alpha~naphthyiamine Other types of Ao'xidation inhibitors
include metai dithiocarbamate (e.g., zinc dsthtocarbamate) and

15- methylenebts(dibutyldlthfocarbamate)

| Anti-Wear Agents

.‘m“l“
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" thiop

- methyl-6-nonylphenol), 2,2'-isobutylidene-bis(4,6-dimethylphenol),

2,2'-5-methylene-bis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4 20
methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4-dimethyl-6-tert-butyl-
phenol, 2,6-di-tert-I-dimethylamino-p-cresol, 2,6-di-tert-4-(N,N'-
dimethylaminomethylphenol), 4,4'-thiobis(2-methyl-6-tert-butylphenol),
2,2'-thiobis(4-methyl-6-tert-butylphenol), bis(3-methyl-4-hydroxy-5-tert-
10- bm@/th@rrzuﬁrﬁglﬁdgh@@dth&(é §@A@MW@XWMMMC

Di e oxidation inhibitors include, but are not limited to,
kBT IR e SRR AR Aol Shtea 0,
alkyl@tm;a@n&r@mmmmr@tberdwe&% ebigfatipndnmibitessednelides,
metal d thio amate zinc dithiocarbamate), and

15- rﬁ3 (?igggs?a%n}té(a{ﬂ'%@g}rﬁamate) 30 3. Anti-Wear Agents -11 As
their name implies, these agents reduce wear of moving metallic parts.

Exa ch a incl t.are not limited to, phosphates and
osa%}%%%ﬁ’d '%1 #aog (9 amates, esters, and molybdenum

compmmomsmymmmsmmum Agéwﬁsz)@érh‘ﬂ@n iodigoxyethylene
polyoxy n surfac activ, ent h e Iaur Iethe
oo A AR R G R T S e ReRvtene
ether, pommydy[eiﬁwighetb?tylgmlmweﬂimenmmwh qumblygﬁheroctyl stearyl
ether, p ther, _po ethylene itol

monostea g?g%g;%%%@e §(¥ ?né}ggr |toY méoﬁ)o% e%R nd por po Jhyfgﬁé
glycol nmrip@c.ﬂﬂﬁtw!b)l@medoMpoond&:aetﬁ&n@dcymlmmgtheefﬁdﬁ;bito!

e B SE & PRRAORRR YA AbAEIEAR! S metal salis

b) Other compounds: stearic acid and other fatty acids, dicarboxylic
acids, meta[xsoaps, falty acid amine salts, metal salts of heavy
sulfonic acid, partial carboxylic acid ester of polyhydric alcohal, and

phosphoric ester.

Demulsifiers
Additlon product of alkylphenol and ethyiene ox1de polyoxyethylene

alkyl ether and pofyoxyethylene sorbitan ester

ExtreméPre'Ss.u re Anti-Wear Agents (EPIAW Agents)

Sulfurized olefins, zinc dialky-1-dithiophosphate (pnmary atkyi,
secondary a!ky! and aryl type), diphenyl suffide, methyl tnch lorostea
rate, ch!onnated naphthaiene ﬂuoroalkyipotystioxane iead
naphthenate neutrahzed or partialty neutralized phosphates,

dithiophosphates, and sulfur-free phosphates.

Friction Modiﬁers
F-atty alcohol fatty aosd (steano acid, 1sostear|o aozd oleic acid and

other fatty acids or salts thereof), amine, borated ester, other esters

1
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8.

10.

1.

12.

13.

15 sulfonic acid, partial carboxylic acid ester of polyhydric alcohol, and
phosphoric ester. 5. Demulsifiers Addition product of alkylphenol and
ethylene oxide, polyoxyethylene 20 alkyl ether, and polyoxyethylene
sorbitan ester. 6. Extreme Pressure Anti-Wear Agents (EP(AW Agents)
Sulfurized olefins, zinc dialky-I-dithiophosphate (primary alkyl, secondary
alkyl, and aryl type), diphenyl sulfide, methyl trich lorostea rate,
chlonhasgdhatgshtbdienehfhspfotiRybesigsitolare)dedid 38 naphthyénate,

neu %%%%p%%%ﬁﬁgié@g@@gghosphates, dithiophosphates, and

sulfur ( . Friction Modifiers Fatty alcohol, fatty acid
(stearic acid, isostearic acid, oleic acid and 30 other fatty acids or salts

therﬂﬁ:@ﬁ I0R,RRTRIeH ester, other esters, -12 phosphates, other
phosphites besides tri- and di-hydrocarbyl phosphites, and

phosphbiied aommatifbAenoradrbigieodnssigiridbdisrgmolybdenum
dithiBQ?ﬁ?@iW%an Wé%ﬂo%@(&é%b(@&%ﬂ%ﬂ&%%f@&@%hioate’

oxymolybdenum monoglyceride, oxymolybdenum diethylate amide,

amifeomeUeRiten ComsRésmpo drinxirisamtidsoataiRfpgnolybdenum
mol)&gﬁgm SOHMBIRIEOINBAU AL JQ Rt Reg HM RN AP e x

Polymethacrylate type polymers, ethylene-propylene copolymers,
styr&®EuRePRshe copolymers, hydrated styrene-isoprene copolymers,
polyisobutylene, and dispersant type viscosity index improvers.

Viscosity Index Improvers
Polymethacrylate type polymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,

polyisobutylene, and dispersant type viscosity index improvers.

Pour Point Depressants

Polymethyl methacrylate.

Foam Inhibitors

AEkyl' methacrylate polymers and dimethyl silicone polymers.

Metal Deactivat}olrs' _
Disalicylidene propylenediamine, triazole derivatives,
mercaptobenzothiazoles, thiadiazole derivatives, and

‘mercaptobenzimidazoles.

Dispersanis |

Alkenyl succinifhides, atkenyl succinimides modified with other organic
compounds,_‘alkenyt succinimides modified by post-treatment with
ethylen-e carbohate or boric aoid_, esters of polyalcohols and
polyisabutenyl succinic anhydridé, phenaté.—salicylétes and their post-
treated analogs, alkali metal or mixed alkali metal, alkaline earth metal

borates, dispe‘rsions of hydrated alkali metal borates, dispersions of

-13-
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15 10. Pour Point Depressants Polymethyl methacrylate. 11. Foam
Inhibitors 20 Alkyl methacrylate polymers and dimethyl silicone polymers.
12. Metal Deactivators Disalicylidene propylenediamine, triazole
derivatives, mercaptobenzothiazoles, thiadiazole derivatives, and 25
mercaptobenzimidazoles. 13. Dispersants Alkenyl succinimides, alkenyl
succinimides modified with other organic compounds, alkenyl
sucecifiatides:mddified D\ postet eatimyantidithifde risgarenateoidpric

acid, esters of polyalcohols and 30 po)yisobutenyl succinic anhydride,
pherl{ié?egra |8§/t1%5[%%s gfa%ﬁ%i?‘;%B%tf—Snged analogs, alkali metal or mixed

alkali metal, alkqline earth metal borates, dispersions of hydrated.alkali
wdBER AR JSReens Rl altalpesapty metal borates, polyamide
ThefavigkirgAaidieacadditediQoimpsitiored Dieraxiigvetteadditive following
ition. | ixi tl t the fQ ing t onent
g B B B SR o Y e ol
leaphosphitephparity sootpasiih ydrdtah g inydrogeryphgsipbigjersuch as
ialkyl ' dilauryl hydrpgen ,phosphite; and
P e e BB R B Mg
phmmit@j‘@lﬁbhdﬂ%ﬁﬁm_ phutphipdospttitastimeynghesphies
trinG RV e asidehasaRiLs compYNais SRk Iuregsn Algpphite.

phosphite.

Preferably, the acid phosphite compound is a dialky! hydrogen phosphite,
such as dilauryl hydrogen phosphite, which is commercially available as
Duraphos AP—230. Preferably f.romrabout 1.0 wit% Duraphos AP-230, which
delivers about 0.92 M.O/o ditauryl hydrogen phosphite, to about 65.0 wi%
Duraphos AP-230, which delivers about 59.8 wt% dilaury} hydrogen_

phosphite, is used in the additive composition.

More prefetred from about 1.5 wi% Duraphos AP-230, which delivers about
1.38 wt% dilauryl hydrogen phosphite, to about 60.0 wt% Duraphos AP-230,
which delivers about 55.2 wt% dilauryl hydrogen phosphite, is used in the

additive composition.

Even more preferred from about 1.7 wit% Duraphos AP-?ESO, Which deli.versi
about 1.56 wt’% dilauryl hydrogen phosphite, to about 35.0 wt% Duraphos AP-
230, which delivers abc_ut 32.2 wi% dilauryl hydrogen ph_osphite, is used in

the additive compositién.

Most preferred from about 2.5 wt% Duraphos AP-230, which delivers about
2.3 wi% dilauryl hydrogen phosphite, to about 20.0 wt% Duraphos AP-230,
which delivers about 18.4 wi% dilauryl hydrogen phosphite', is Ljséd in thé
additive composition. : o

14
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such as dilauryl hydrogen phosphite, which is commercially available as
15 Duraphos AP-230. Preferably from about 1.0 wt% Duraphos AP-230,
which delivers about 0.92 wt% dilauryl hydrogen phosphite, to about 65.0
wt% Duraphos AP-230, which delivers about 59.8 wt% dilauryl hydrogen -
phosphite, is used in the additive composition. 20 More preferred from
about 1.5 wt% Duraphos AP-230, which delivers about 1.38 wt% dilauryl
hydrogen phosphite, to about 60.0 wt% Duraphos AP-230, which delivers

PraRa ﬁ%’trz(é% ALHASSRASY, iy 19 H?f@@ai%%@ﬁ?é‘"é%ch as

composition ven more preferred from about phos

trilapea 3 Qupibiicd etibiis isabomrcse Ay e dil dabie gl Fgear phe dgiite, to
Pe@eeﬁﬁf?owﬁ%ufwew Bt HACH HRIVEF-APRMYI R 2 WP i3y

hydrogen phosphite, is used in the additive composition. 30 Most

wilherégbauidrh iiegen. Bhaspbte assbabemt 230 Swrishtdievelphissohiteato
ab¥EedtlauRb NYSiRganRRESP ehlh 2RAYE RO SN DL E RS NR 40,

which delivers about 18.4 wt% dilauryl hydrogen phosphite, ‘is used in the
hysaeasie Ropspbitiand FhevbR9abN/ hé irutvhrprespiiite sompelndis a

aﬁﬁwlm§BQWUCh as trilauryl phosphite, which is commercially
available as Duraphos TLP. Preferably from about 35.0 wt% Duraphos

TLP, which delivers about 2.625 5 wt% of dilauryl hydrogen phosphite and

MEROPESTE P o HilauEYh PO PRI 19uARMESPVIAIPH@RRRS I kBout 3.0
which delivers about 7.43 wt% dllauryl hydr gen phosphlte and about

widig of {ies il remeephesnbtranthabevbdBifveCotpadibrhesmitee to

aberefeeeﬁvt&empewe G wiaiearhasdisPayiich delivers apaut 3.0
wt% of dilauryl hyd rogen phogphlte and about 36.0 wt% trilauryl

hYHHSpRIRA 8P RS é&%pﬁ&e Hilasi bR eRberdskeed indge
adaiffedltaripbsition.

Even more preferred from about 65.0 wt% Duraphos T1.P, which deiivers
about 4.88 wt% of diia.uryi hydrogen phosphite and about 58.5 M"/o friiauryi
phosphite, to about 98.3 wt% Duraphos TLP, which delivers about 7.37 wt9%.
dilauryl hydrogen phosphlte and about 8847 wt% trilauryl phosphite, is used

~ in the additive composition. .

Most preferred from about 80 0 wt% Duraphos TLP whxch delivers about 6. O

: wt% of dsiauryl hydrogen phosphtte and about 72.0 wt% tnlaury! phosphlte fo
- about 97.5 wit% Duraphos TLP, which delivers about 7.31 wi% ditauryl
'hydrogen phosphlte and about 87.75 wt% tn!aury! phosphite is used in the

additive composition.

A preferred welght ratio of at !east one ac:d phosphite compound to at least

one neutral phosphite compound is from about 1.0:10, 7 to about 2. O 1.0.
More preferred the ratlo of at Ieast one acid phosphite compound to at least
one neutral phosphete compound is from about 1.0:10.1 to about 1.6:1.0.

Even more preferred the ratlo of at least one acxd phosphite compound to at

' least one neutral compound is from about 1. O 9 9 to about 1.0:1.6. Most

- 15 ~
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‘the anti-wear additive- composrtlon the remaining optional components o

hydrogen phosphite and about 88.65 wt% trilauryl phosphite, is used in

the additive composition. 15 Even more preferred from about 65.0 wt%
Duraphos TLP, which delivers about 4.88 wt% of dilauryl hydrogen
phosphite and about 58.5 wt% trilauryl phosphite, to about 98.3 wt%
Duraphos TLP, which delivers about 7.37 wt% dilauryl hydrogen

phosphite and about 88.47 wt% trilauryl phosphite, is used 20 in the
préfgitve mmaﬁsitimm Mast preferoadl ;trmmﬂbmrtaﬁ@om% Eamam&@@t Thi,

ich I|v about 6.0 t°/ of d en P d about

el R RSO0 AU & (e SR 1 i
dellvers about 7.31 wt% drIauryI 25 hydrogen phosphlte and about 87.75
the adrtrve composition. A preferred
s ' 0 i pROUBHEL ompound to at least, one
Otheutndbpihmhmtdwﬂnmpbumdaﬁ ﬁrmrtedboudilsﬁe‘r@a?tto atmmgbﬁtﬂ; ®X3fation

0 refer ed e ratl of at least on to at
[nrlll\(/e!%lg r%ne Aeutr e:r ar%?” Rit corﬁs&hn rom a8 gtﬁ t% ago%'t’t!”
wehﬁdddrtrﬁwemnmeﬂpmafe:rmmbmmmemﬁ,aet@ﬁtvertyemeldrmraspdmt&)matsc

comp eutraI o] ut 1.0:9.9to
: trank?out3 il{%g F@%Aﬁé’%@f err (rga)ttrﬁlo%dF atffeas one ag 80 a&e hife be
‘addeth poandoib Gitdagtaingg nentraitptﬁospmgaa:hmpoahdgmﬂmabosmon

il SIS AR AOR0. Welhoraf Making byrcating Qi composiion

ther additives, including ut not mlted to spersan eer ent
thl@)&d’ﬁr@ddmhﬁm@ré(mhwueli@gddm andr'i(mmmmmmmarday\km:a&ded

ab%tr@(ﬂ%' M“-?%%LY%W? '%?%g%ﬁfé&% S&%Ri’v%ff C gbolgnhoRTF

making an automatic transmission flui ditive pac ag

Matgamiveepackdbs May lbeldiddedackageirohidiriediieg viseosinforniingiah
delHRICaHnNg %‘&89@8@%% to about 4.72 wt% of the anti-wear additive

composrtron Most preferred, this ATF additive package may be added in &
amount whxch delivers from about 0.18 wt% to about 1.89 wit% of the anti-

wear additive compaosition. This iubrscatlng oil composition is made by miixing

ATF additive composrtron and an oll of lubricating viscosity in a stainless steal

vessel at a temperature of from about 75 degrees F o about 180 degrees <

from about 1to about 6 hours.

Qp_tiona!fy-th_is ant_élmwear additive composition also can be used as a top treat

to a finished lubricating oil composition.

Furthermore it the ort of iubncatang viscosity already compnses erther the acid

phosphrte compound or the neutral phosphite oompound then the other
phosphrte compound, efther the acid phasphite or the neutral phosphrte that
is absent from the Fnrshed or[ may be added. The amount of the added acrd
phosphrte compound or the neutral phosphite Compound should not exoeed
0.3 wt% total phosphorous in the finished oil. A preferred amount of
phosohorous preéent in the ﬂnished oit is from about 0.003 wt % to about 0.3
wt%. A more p_re'ferred amount of phosphorous present in the finished oil is.
- 16 -
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10 which is also referred to as a finished lubricating oil composition.
Preferably, this ATF additive package may be added in an amount which
delivers from about 0.045 wt% to about 5.66 wt% of the anti-wear additive
composition. More preferred, this ATF additive package may be added in
an amount which delivers from about 0.09 wt% to about 4.72 wt% of the
anti-wear additive 15 composition. Most preferred, this ATF additive
fropackage tnegchetat ded oA intwilhich delivg srrmab ant QU8 oit% to-

phERAHE 189 wive of the,ant wear Additve comBasitio D RICAtng ol

S )
co pOSIlTlIO iS"made by "the anti-wear additive composition, the remaining

wt¥ptional components ATF additive composition and an oil of lubricating
viscosity in a stainl 20 vessel at a temperature of from about 75 degrees F
to about 180 degrees | from about 1 to about 6 hours. Optionally this

Medhticlvefdd sel ditite dompesitionaidioran be used as a top treat to'a

ThllRBEGPrIERHNG Ol Gompestion e Wb ermare: hihmalpUkbricaling
viscosity already comprises either the acid phosphite compound or the
twonendén g hosiehive apesooreafakivs thetstherSphodjsisity chapobrich @igeil of

e B e e PR e
trapsmissiensdetisiteatred phospHitresrppont ihiou AittekcostP OB Nel
thdPiB (ﬁgggff?#z*@at%fftﬂ@hﬁgtﬂ %Q{QfEUﬁQ@éEPWé)TuBH%HQQrSﬂ‘S

present in the finished oll is from about 0.003 wt % to about 0.3 wt
compesipfeferducapesenicnghoiphdiiealecentametedimisthadiol 842 avios

to TBALABHE QPP MYRA 1hahosd O-2hit% B IRSLBER e B3RO Of

phosphorous present in the finished oil is from about 0.012 wt% to about
im@ntionos>Binehbd e sburatisPriselifmasagent invention contains from

about 0.09 wt% to about 4.72 wt% of the anti-wear additive composition of the
present invention. Most preferred, the lubricating oil of the present invention
contains from about 0.18 wi% to about 1.89 wt% of the anti-wear additive
composition of the present invention. The anti-wear additive co_mposii,ti_on witd
optional!y. éontain sufficient inorganic liquid diluent to méke it easy to handle
during shipping and storage. Typically, the anti-wear additive composition will
contain from about 1% io about 40% of the organic liquid diluent and
preferably from about 3 % to about 20 wi%. Suitable organic diluents which
can be used include, f;orr example, solvent refined 10'ON (i.e.f Cit-con 100N
which may be 'purcba_ééd from Cit'golPetroieum Corporation, Houston, Texas),
and hydrotreated 10'{}.N. (i.e., Chevron 100N which rhay be pijrchased from
Qh_evrénTé_xac_o Co:rp_dration, San Ramon, Ca!ifomia), and the like. Tﬁe

organic diluent preférabiy has a viscosity of about 10 to 20 ¢St at 100°C.

Performance Testiriq '

The an_tiuir«ear additive composition 0f the pres-en't: invention was tést_éd_ for .

wear usihg a modiﬁ:ed versidn of ASTM D—2882 Test Method, which was |

developed fo measure .tﬁgz weight loss of metal .aé it retates _té ero_s_i_o'n caused

by wear. The standar_dﬁtest for lubrication and purﬁp wear properiies 'Es: ASTM

D-2882 which 'emﬁl.oyé a similar method as described hereih. The diﬁeren_ces
- 17 -
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The present invention is used to decrease the wear of the metal of at least
two mating metal surfaces in relative motion. Specifically, the lubricating
oil of the present invention contacts metal components in axles, pumps
and transmissions to reduce wear and lubricates contiguous metal
components 10 thereby decreasing wear of the mating metal surfaces.
The lubricating oil composition of the present invention typically contains

bdfeaeafut Q04w Undaiab e Gkl w%@frtbweﬂr%@@a@t%vgt different

com 03| the pres nventi referably ubricating oll of the
PrEREUERT H AT LTINS Ho U BB TR AFS SRR
maxiinweasaeditivefoesigesites of ﬂ@ecbﬁsat@@@t dvertion:Nesttpreiared,

thel oil fth present inventio con ins from about wit%

P B e R LA o A& oD R REB i iegfp. 10

thmmlﬁed Tdaet alfntewmaaﬂdlﬂuejoe ropositiarvifiltoopticaaliyieastaiamp and

suff|C|ent |n cI| enttom it eas andle rln sh|

T ST Ba SO R? 2 ek B P i
vaﬁnemc&hpuhﬁ:%st@mmpéﬂ%mfeth&cgjgadibémﬁiﬂld@ﬁteamdene@fﬂr@bly

from about oab t,.20 wt0 Smtabl nic diluent ich ca
deu%[é !Pnec#' 3 or \évfa!q‘%liosgowe f?ﬁ%%q%%ﬁ\l ?Péc 8’? i’éxp b‘iﬂRFWg‘%ﬁ
and]@ﬁtberpmdnasbdhrhom G:thng:{emmmﬁemmnomustmﬂﬁxasbn

e, Chevron QON,which. be purchased from

ﬂu%g? Chevro %getfg%% I\%Iéormt%ﬁm 8%0%'66‘/ ?@Pﬁa andf:#g]ﬁ(e The
Typigalyc thirientipreter alolgitias @omrsmttymbﬁbmjpi@smzmasnm:i@@ébts

inESILAmR0GE T RSANa TR AR weRn addifve, composifion.of (he praseat

invention was tes 0 'wear using a mo verS|0n 0?%\
(AE@W@@SBWMMQW&@@EWM@@W&M theanigRIOS &RbTI

I io b ard tes
T
Speinifiantieetoliibk! 085GnTealHeramr s diffrendétS1Zngineering, Inc. af

hitp://www.global.ihs.com.

t_n séme cases, the ahti—wear additive composition wés also tested fér its
effects with regard to copper corrosion. It wés evaluated according to the
ASTM D-130 test procedure (121°C for 3 hours). The ASTM D-130 Test
Method is the test that was developed to measure the stability of the
Iubncatmg ail in the presence of copper and copper alloys (s e. extent of
copper corrosion). In addtt:on to the ASTM D-130 rating (copper corrosion is.
measured on a scale oH to 4, wherem a resuit of 1 represents stight tarnish
and a result of 4 represents copper corrosion), inductively coupie_d plasma
(ICP) measurement in the used oil was also conducted. The anti-wear
additive Compositioﬁ of the present invention results in copper corrosion of
less than 20 ppm of cor_pper‘in the used oil as measured by ICP and in the
ASTM D-1 3'0 fest. Usihg 'sqiely dilauryl hydrogen phosphite as an anti-wear
additiye ina iubricating__oii composition increases the amount of coppér

corrosion (see Comparative Example E).

- 18 -
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between the standard and the modified versions involve operating at
different pressures (2,000 psi, standard, and 1,000 psi, modified) and the
allowable maximum amount of weight loss to be considered an excellent
anti-wear hydraulic fluid (twenty milligrams, standard, and ten milligrams,
modified). In 5 the modified test, the hydraulic fluid is circulated through a
Vickers pump and a pressure relief valve at 1,000 psi and 175F for 100
hours. The ring and vane components of the pump -are weighed before

Th_mmrngw%45?«3;s%sds{srm&eems&q@hwsf%k%%%%m@ﬁgﬁﬁ%%ﬁs of

indicates better lubrication and better wear sing t

thip X RONOaNchatermatitotkmsanssivadLo fi waanFyshsvificatibe, shepe of

than@yisneaallowable weight loss is 10 mg. Typically, the anti-wear additive
composition of the present invention meets the wear requirements of the
DEXRONO-III automatic transiaS&HES (ATF) specification using the
modified ASTM D-2882 test. The DEXRONO-III specification
(DEXRONO-III, H Revision, Automatic Transmission Fluid 15
Specification, GMN10055)3#8§ BéepdrERasaRi¢rom IHS Engineering, Inc.

ArpbURSRAE KA SdoRak DR cemhile: SUBRERSE R stkuveR), Al e
composition was also tested for its effects with regard to copper

folloyHiBgiGRMPRAR YAl Ak hid5Hrtyes tHe fanakarMvn tanitest 53.88 wt%
10pERRAUIRHALIECIAROHIS) TSRS DM Dok Ta50 Weih 8 is g esie

. that was developed to measure the stability of the lubricating oil in the
digrrsant e o cippkIhHiLoppEARIBY S 2 WEkBIb P @imsecottésig). In
cardldiicnlionbeASEMRA IhEHIG (GARRRESORIMBIRN 1% Measvsethand

scale of 1 .tpo, 4, wherein a result of 1 represents slight tarnish 25 and a
OXIGIRIN R RlSYe Senis op phr et SENT iHALB I AN So e prermatqrcRy!
swelbagurement nthelvsedioliveas alsorrdustadaHitanti-wear additive

co sition of the present invention results in copper corrosion of less
et R S A BP ES e T <ER A AE Ry RO @O
TLRSAM 6-030estCdsing! salehditayl bydrogen phosphite as an

anti-wear

Fifty five gallons of automatic transmission fluid (ATF) weré prepared by
btending 7.85 wt% of the abbve defined additive packége, 2.50 wt% polyalicyl
methacrylate (PMA} -dispersant viscosity index imiprover (the weig.hted- |
average molecular weight of the polymer is approxi.mat'eiy 3.50,.000-), 79.63
wt% Group i 100 N base oil, and 10.02 wt% polyalphaolefin A-.CSL These

- components were blended in a stainless steel vessel at a temperature of,

between about 125 deg_ree_s F to about 140 degrees F for about 2 hours. Tﬁé
finished, blended oil had a viscosity of approximately 6..9 cStat 100 C. The
finished, blended oil contained about 0.565 wt% Durapﬁos TLP With a ltota.f :
phosphorous content of about 300 ppm. The ratio of dilauryl hydrogen
phosphite to trilauryl phosphite in the finished oil was 1.0:12.0.

7 _ 7_ - Example 1 | - _

Four gallons of autométic_transmislsic‘)n fluid blend from the Sasé Biehd

Example above Were prepalred by mixing in a stainiess steel véssel 0.08 wit%

Duraphos AP—230, a ﬂilauWi hyd-roggan phosphité;, 0.04 wt% -of a thiadiéiole
-19-
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30 additive in a lubricating oil composition increases the amount of copper
corrosion (see Comparative Example E). -18 The following examples are
presented to illustrate specific embodiments of this invention and are not
to be construed in any way as limiting the scope of the invention. 5
EXAMPLES Base Blend Example An automatic transmission additive
package was prepared by mixing the following components at abom_Jt_19_5
daisgtees(Rifer aliou et sy B3, 88thwtda bdd d deg dvivedibassudeimimide

' 0 MW._bj injmide di t post-treated
TR e D R e SR e s
Thaadtnptrenblid o&iﬁaﬂmﬁiabﬂnitb@,%ﬁmg/@ammb&maﬁmﬁ mhibi:@;iegaits

%, fri ivati 37 W% te est .
A B e L SR RSt
phapb g camisdstebiii )8 oid % SAYAPROsWATL ZR (G apthdsh BERy anstebOdt Widd 4

' iL-EHty fi I tic transmissipn, flui
AR LA R R G A
359-ppape s bniehepstjalkyie 2otnethdibayatchyivinca isbemﬂﬁt?/tscos_ity

-'@%&( I | ' lecular weight of the polymer is
tmapproé%%@%%%%%gﬁgﬁ%? ﬁ%mﬁ 100 N base oil, and 10.02 |
wt% polyalphaolefin 4 cSt. These components were blended in a

Tr@ﬂﬂﬂgﬁcﬁzﬁ%\ﬁ%@é@a@e@%P%@wfﬁ%iﬁswvggiﬁgﬂé;ﬁ%ﬁeegg; & "r"]‘:a |

to about 140 degrees F for about 2 hogrs_. The : _
DZ00R vy tepbpphexiriutis d hedest indaaetie wirigiddsblohdd roi,

wiFERIBISK 3R 568 KCADMERDGSTAP Wiy plalphgsghorous

content of about 300 ppm. The Tatio of dilauryl hydrogen phosphite to
trilauryl phosphite in the finished oil was 1.0:12.0. :

Example 2
An automatic transmission additive package was prepared by mixing th.e
following components at 145 degrees F for about two hours: 51.97 wt % 1000
MW monosuccinimide dispersant, 12.28 wt% 1300 MW bissuccinimide
dispersant post-treated with boric acid, 3.98 wt% high overbased calcium
sulfonate, 3.69 wt% phenolic oxidation inhibitor, 6.14 wt% aminic oxidation
inhibitor, 0.98 wt% thiadiazole derivative, 6.14 wi% benzoate ester seal swell

agent, 1.23 wt% foam inhibitor, 0.42 wt% oleylamide, 0.21 wt% glycerol
monooleate, 0.98 wt% Duraphos AP-230, 6.94 wt% Durpahos TLP and 5.04

wt% Group | 100 N dituent o,

110 gallons of automatic transmission fluid were prepared by biendfng;S.M
wit% o_f the above described additive pack_age with 20.0 ppm red cfye, 265 wi%
polyalkyl methacrylate (PMA)- dispersant viscdsity index im.pro_vle.t" (th‘er
Weighted—average moijécufa‘r_weig-ht of the polymer ié approkirﬁate!y_BS_0,000),
79.19 wit% Group Il 100N base oil, and 10.0 wt% PAO cST. T_hé colmpone_nts
were blended in a stainless steel vessel at a temperat‘urel of between élbout__
125 F to about 140 F for about 2 hours. The finished, blended oif had a
viééosity c_if approxim_a'teiy 7.1 cStat 100C. This.ﬁn_ished oif cont'ain.ed_ ébou__t_
0.565 wi% of Duraphos TLP, which delivers about 0.04 wi% dilauryl hydrogen
-20 -
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30 Example 1 Four gallons of automatic transmission fluid blend from the
Base Blend Example above were prepared by mixing in a stainless steel
vessel 0A8 wt% Duraphos AP-230, a dilauryl hydrogen phosphite, 0.04
wt% of a thiadiazole -19 derivative (Hitec 4313) to 99.88 wt% of the
above described base blend. These components were blended at about
120 degrees F for about 1 hour. This finished oil contained about 0.565

phitratRinapRes Th-Bowhiel: delivais raReuhtdnwianiiaun/bByatogen
about 0.08 wt%

hosphite and about 0.509 wt% trilauryl 5 phosphite, an
LA e S e B A G
P d',tavlimitﬁ t@ﬁzﬁl@hl?lég&@ﬂ@ﬂ@l | hu;‘oa@mw? @b@ﬁ@@ﬁ@@?mﬁl’?ﬁflﬂﬁ;‘sh@d
inished qil. The ratio ilaur roge sphite to trilaur. ite
Oy TR AR GUIP WAL AV PO T TR B I OB IOr Bear
firlhibitien wsikng the modified ASTM D2882 wear test. The results of the
test indicated a weight loss of 5.8 mg, which is a passing result according
to the GM wear specification. Example 2 15 An automatic transmission
TiadditivRRpckageswas pespared e mrixindghttien folowi tigecompitineinfsSatv

145 degrees F far about tywo hours: 51.97.wt %,1000 .

Do R G oL e TSl LSUE WSl ers gl mo.

wiispersaphposigtreatetanithridovis tadide $98wa% bigtctiertbiased calcium
sulfonate, 3.69 wt% phenolic oxidation inhibitor, 6.14 wt% aminic oxidation
20 inhibitor, 0.98 wt% thiadiazole derivative, 6.14 wt% benzoate ester seat
swell agent, 1.23 wt% foam inhibitor, 0.42 wt% oleylamide, 0.21 wt%
glycerol monooleate, 0.98 wt% Duraphos AP-230, 6.94 wt% Durpahos
TLP and 5.04 wt% Group 1100 N diluent oil. 25 110 gallons of automatic
transmission fluid were prepared&kgrbigading 8.14 wt% of the above

Ar_clj %% (r)ir%% ig r%iitli\s/%_f)s%%(r? %%wit\pezggcgg&ner\?/gsd}ﬂ?egﬁédﬂggﬁmixing ’_ﬁhe
fb!l.owing components at 145 degrees F for about- two hours: 45.93 wt% 1000
MW monosuccinimide dispersant, 13.12 wt% 1300 MW bissuccinimide
dispersant post-treated with boric acid, 4.25 wt% high overbased calcium
suffonate, 3.94 wt% phenolic oxidation inhibitor, 6.56 wt% aminic ox_idatien
inhibitor., 1.31 wt% thiadiazole derivative, 9.84 wt% benzoate ester seal swel

agent, 0.66 wt% primary aliphatic amine, 1.31 wt% foam inhibitor, 0.45 wt%

- oleylamide, 0.22 wt% glycerol monooelate, 7.41 wi% Duraphos TLE and 5.0
wt% Group | 100N dituent oil.

Ten gallons of a finished oil automatic transmission fluid were prepared by
blending 7.62 wt % of the above described additive package with 0.02 wt%
Dut‘aphds AP-230, 32 wt% polyalkyl methacrylate (PMA)-dispersant viscosity

index improver (the weighted-average molecular weight of the polymer is

“approximately 350,000), 79.16 wt% Group Il 100'N base oil and 10.0 wt%

PAO 4 cST. These components were blended in a stainless steel vessel ata

tem_p-erature of about 125 degrees fo about 140 degrees ‘F_ fof a.bo.u_t 2

hoﬁrs. The finished, blended oil-contained ébout 0.565 W,t%-of Dﬁraphqs .

TLP, which delivers about 0.04 wt% dilauryl hydrdgén 'phosphite and about

0.599 wt% triia'uryi ;ﬁhosphite, and about (.02 wt% Duraphos AP-230, which
-21-
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polyalkyl methacrylate (PMA)- dispersant viscosity index improver (the
weighted-average molecular weight of the polymer is approximately
350,000), 79.19 wt% Group Il 100N base oil, and 10.0 wt% PAO cST.
The components 30 were blended in a stainless steel vessel at a
temperature of between about 125 F to about 140 F for about 2 hours.
. The finished, blended oil had a viscosity of approximately 7.1 ¢St at 1000.
dellessii0iSh 8dadocdinaine th wirogte 0 SitGsptdteoiiibraghts Hhesphtucius

live t % dilaur Q - osphite and ahouyt Q.509
oo T o A S RS S R gt
phdelibéis iadbethenedvtdibh ditsutyd hyddfogen phosphite, with a total

phosphorous content of about 359 ppm in the finished oil. The ratio of

dilauryl hydrogen phosphite to trilauryl phosphite in the 5 finished oil was
The.Onishethellfinshedalilated BvaieaeifibilearishibpitenrosififeHeASTM

o7BBIIRAASTM RRARR WeAs et e feRln 8T MR eR pIced v

welght loss of 0.6 mg, which is a passing result according to t
whigle ésfis arrssing Eersthpleegiinadtothatie arsanispisiimdditve package
was prepared by mixing the 15 following components at 145 degrees F for
about two hours: 45.93 wt% 1000, MW monosuccinimide dispersant,
13.12 wt% 1300 MW bissuccinilaingigdersant post-treated with boric

ArPSif- Gl WA %@@g&%g%?&wreﬁilﬁ?%@@%%@ W%Bp%auwl

oxidation inhibitor, 6.56 wi% aminic oxidation inhibitor, 1.31 wt%

phesabite:dru crriegive; . sndibBerzo sllisrpeaswé¥ 2 agent, 0.66

apPGRiRTRANY PR AR 8 BINEn AN A IQMTIRINRIRHRi48Y% base oil
oleylamide, 0.22 wt% glycerol monooelate, 7.41 wt% Duraphos TLP and
bleng %W@@%@ﬁfﬂ@eﬁ iudrit B-GRen BRIlbAYBICE fidhd ey atitsiadticom

CHEINSATSIALAGKHYRERIBFERAIR RRYNnon, CA) and about 12.7% Citgo Bright
Stock (which may be purchased from Citgo Petroleum Corporation, Tulsa,
OK) to a stainless steel vessel. A ratio of dilauryl hydrogen phosphite to

trifauryl phosphite was calculated at 1:8.34 with 314 ppm of phosphorous in

the finished oil.

_ Example 5
An anti-wear additive package was prepared by adding 0.565 wt% of trilauryl

phosphit_e,‘ Du__raphos TLP, and 0.08 wt% of Duraphos AP-230 to
approxi-'mately 200 grams of a base oil corﬁpositién cOmprised_of a base oll
blend comprised of about 87.3 RLOP 100 N (which may be purchased from
ChevronTexaco Corporation, San Ramon, CA) and about 12.7% Cifgo Bright
Stack (which may be purchased from Citgo Petroleum Corporation, Tulsa,
OK) to a stainless stéé{ vessel. A rjétio of diiau_ry[‘ hydrogen phosphi{e to
trilauryl phosphite was 'caicUiéted at 1:4;38 with 359 ppm of phosphorous in
fhe finished oil. |

L o Example 6 o
An anti-wear arddritive package was prepared by adding 0.63 wt% of trilauryl
phosphite, Duraphos TLP, and 0.42 wt% of Duraphos AP-230 to

. | 22 a
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. 25 blending 7.62 wt % of the above described additive package with
0.02.wt% Duraphos AP-230, 3.2 wt% polyalkyl methacrylate
(PMA)-dispersant viscosity index improver (the weighted-average
molecular weight of the polymer is approximately 350,000), 79.16 wt%
Group 11 100 N base oil-and 10.0 wt% PAO 4 cST. These components
were blended in a stainless steel vessel at a 30 temperature of about 125

apfegrees ey Hibgrdds dégrbes¢ dorcabmuidtibousmphedinishedase oil

' ' 0:56 %.-0of Duraphos_TLP, which deljvers
Gk R R s ke Gl B R i
ChymorsphitesaaadGhog 8o wWixnDReapho AR 230 avbidh 221 belviers Bright
%. dilaur, ' ' total pposphorpus content

S e b e G RO R T

Otz phitainiese stdshedssielvad tatio afslileakHinishgehoiihvas iakoated
9 Wegk Jahikition, yisi ified,AST rtest. The results

tnl§u tr\r?/éte ‘?gg% #\dicate?a%g%%t ggé?gf' g}ﬁm\gﬁ%%g\/&sgg Ejs}lés r%%’[ﬂf' sin

thadisisting @ the GM wear specification. Example 4 10 An anti-wear
additive package was prepared by adding 0.565 wt% of trilauryl
phosphite, Duraphos TLP, and 0.02 wt% of Duraphos AP-230 to
approximately 200 grams of a b&s@w@iblshmposition comprised of a base

ey o e raiouas Lo R O AT 081 e,

phospiieciig et 155188k vicwivagHiusartieesal £86 Citgo
apPRIQIRHEBICANRPERNRT JHis8a LN eATBNIRRS Siftlvess e 4 FalQ 88@ 4

idilauryl hydrogen phosphite to trilaur%I phosphite was calculated at 1:

blgiathooansise ot M fotiéinOfRe BRishivd h 2opmbaplechaeed from
Clasionaaiaading PaekRIR Wan RARRIELCHY andiRB 262 WO BNk

Stock (which may be purchased from Citgo Petroleum Corporation, Tulsa,
OK.). to a stainless steel vessel. A ratio of dilauryl hydrogen phgosphite to
t_ri{auryi phosphite was calculated at 1:0.89 with 642 ppm of phosphorous in
the finished oil.

, _ Example 8
An anti-wear additive package was prepared by adding 0.40 wt% of trilauryl

phosphite, Duraphos TLP, and 0.59 wi% of Duraphos AP-230 to

-apprqximateiy 400 gra_ms' of a base oif composition co;hpri_sed of a base oil

blend C_Omprised of_abjout 87.3 RLOP 100 N (which may be purchased from
Chev_ronTexaco Corporation, San Ramon, CA) and ab.out.i?.?% Citgo Bright
Stock (whiqh may' be p’urch.ased from Citgo Petroleum Corporation, Tulsa,
O-K.) to a stainless steel vessel. A ratio of dilauryl hydrogen .phosbhite to

tritauryl phosphite was calculated at 1:0.63 with 649 ppm of phosphorous in
the finished oil.

-3 .
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phosphite, Duraphos TLP, and 0.08 wt% of Duraphos AP-230 to
approximately 200 grams of a base oil composition comprised of a base
oil blend comprised of about 87.3 RLOP 100 N (which may be purchased
from 25 ChevronTexaco Corporation, San Ramon, CA) and about 12.7%
Citgo Bright Stock (which may be purchased from Citgo Petroleum
Corporation, Tulsa, OK) to a stainless steel vessel. A ratio of dilauryl
hydrogen phosphite toCfdidixFRahbhiteiAdditalctilated at 1:4.38 with
359 ppm of phosphorous in the finished oil. 30 Example 6 An anti-wear
additive package was prepared by addlng 0.63 wt% of trilauryl phosphite,
Duraphos TLP, and 0.42u RIRPe230 to 22 approxrmately

AAR GRS %ﬁeﬁe%eheqram %gﬁ%gemd pﬂjege purc aselgr}* line

comprlsed of about 87.3 RLOP 1 hich may

followéaoirerass e porkesh, 18arirRarmen, FORy ahduddua hourss G wi%

10801y FERFECYBIGHIMRK bspuichasedrom GHdq §rﬁi@iﬁ%§&8%ﬂ%ﬁﬂ%

Tulsa, 5 OK) to a stainless steel vessel. A ratio of dilauryl hydrogen

dispresphitaast-tratesl witbdiie wnid Gkuividd bigh: DB hatedABlshrmof

SUI%W@%W/ I ERSNes, Qi SR PIR (ol O S atMNE RS, rﬂg%wéeation
packa%)O was grepared by adding 0.50 wt% of trilauryl phosphite,

atﬁa@iﬂdﬁf%aérveuﬁaﬁﬁd@r\maem@temﬂ@&ﬁweiémoe

'1.@%%%@%@%9@%%@% ek offar Rase Qilghisndcomplised

of about 87.3 RLOP 100 N (which may be purchased from
Dugiiahins Tt aed e dthavhtioRrasm IRORd diugnimil about 12.7% Citgo
Bright 15 Stock (which may be purchased from Citgo Petroleum

Corporatlon Tulsa, OK) to a stainless steel vessel. A ratio of dilauryl
Abﬂ%%gﬁ Wﬁnﬁgt%natrc transmission fluid were prepared by blending

7.85 w’t % of this additive package, 2.60 wi% polyaikyl methacryiate (PMAY -
drspersant viscosity index improver (the weighted average molecular weigns
the poiymer is approximately 350,000), 79.55 wt% Group |l 100 N base «if,

~and 10.0 wi% PAO 4 cSt. The components were blended in a staintess sioal

vessel at a temperature of between about 125 degrees F to about 140

degrees F for about 2 hours. The finished, blended oil had a viscosity of
approximately 7.0 ¢St at 100 degrees C. The finished, blended oil containad
abodt 0.565lwt% Duraphos TLP, which_delir/ers 0.04 wt% dilauryl hydrogen
phosphite and 0.509 wt% trilauryl phosphite, with a total phosphorous content
of about 300 ppm. The ratio of dilauryl hydrogen phosphrte to trilauryi
phosphrte in the ﬁnrshed oil was 1.0:12.0.

Uszng the modrf‘ ed ASTM 2882 wear test, the results of this fmrshed orl were
falling wcth a werght ioss of 13.9 mg.

Comparatzve Example B

Four gai!ons of ATF from Comparatsve Example A were prepared by mixing m
a stainless steel vessei 0.11 wt% Duraphos TLP, 0.04 wt% of a thaadiazoie
denvative (Hitec 4313) to 99.85 wt% of the above descr[bed Base Blend .
Example these components were b!ended at about 120 degrees F for about 1

- 24
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trilauryl phosphite was calculated at 1:0.89 with 642 ppm of phosphorous
in the finished oil. 20 Example 8 An anti-wear additive package was
prepared by adding 0.40 wt% of trilauryl phosphite, Duraphos TLP, and
0.59 wt% of Duraphos AP-230 to approximately 400 grams of a base oll
composition comprised of a base oil blend comprised of about 87.3 RLOP
100 N (which may be purchased from 25 ChevronTexaco Corporation,
hogn i e aherabaned 2boutRGY Brghe Stbukanireeh By which
deRveebased fram ligRiReHOIRHEEE PROSIRR. dMise s 89, aqtainess

steel vessel. A ratio of dilauryl hydrogen phosphite to trilauryl phosphite
Phsrhdscuitied iaiat ashitAreus ppRivHHosPheRmd R EisRpéeibil.
ThdGa?3 CRMRAAATNVEFXANEFRRe COmPATAHSHBSBRHIG At finished oil
automatic transmission additive package was prepared by mixing the 5
Wal%lfo&zﬂ%%omponents at about 195 degrees F for about two hours: 53.88"
wt% 1000 MW monosuccinimide dispersant, 12.74 wt% 1300 MW

OBt e CUR AL 58505t GRG0 PR TS 3=

failivi§odminieeitalioss whiliter, 0.51 wt% triazole derivative, 6.37
benzoate ester seal swell agent, 10 1.27 wt % foam inhibitor, 2.55 wt%

polyamide of TEPA and ISA, 7.20 wt% Durpahos TLP and 5.01 wt%
Group 1 100 N diluent oil. About 17 gallons of automatic transmission fluid

were prepared by bIend%@Mﬁmve package, 2.60 wt%

polyalkyl methacrylate ( sity index improver (the
Anweihed eaedifiematdciarweaigirdeh rdieiyolmrTg D aPIeTsH el ry
ph3SI b dRRRAILTE BravR b HP LA M os AP-230 to
approximately 400 grams of a base oil composition comprised of a base il
blend comprised of about 87.3 wt% RLOP 100 N (which may be purchased
from ChevronTexaco Corporation, San Ramon, CA) and about 12.7 wi%
Citgo Bright Stook {(which may be purchased from Citgo Petroleum
Corporation, Tulsa, OK) to a stainless steel vessel. A ratio of dilauryl
hydrogen phosphité to triiaury! phosphite was calculated at 1:0.41 with 650

ppm of phosphorous in the finished oil.

o 7 Compérative Examoie'{)
An anti-wear additive package was prepared by adding 0.19 wi% of trilauryl
phosp_hite, Duraphos TLP, and 0.74 wt% of Duraphos AP-230 to
approximately 400 g(omo ofé base oil composition compris.ed of a base oil.
blend comprisod of ,arb_out 87.3 RLOP 100 N (which may be purch.ased from
ChevronTexaco Co_rooration, San Ramon, CA) aﬁd about 12.7% Ci-tg.o Bright
Stock (whioh may __oe pui’chased from Citgo Petroleum Corporation, Tulsa,
OK)toa stainless s.tee!'vesée-é. A ratio of dilauryl hydrogen phosphite to
tritauryl phosphite wés calculated at 1:0.25 with 648 ppm of p'hosohorous in.
the finished oil.
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and 10.0 wt% PAO 4 cSt. The components were blended in a stainles ,.
vessel at a temperature of between about 125 degrees F to about 1_40
degrees F for about 2 hours. The finished, blended oil had a viscosﬂy of
20 approximately 7.0 cSt at 100 degrees C. The finished, blended oll
contaio,d about 0.565 wt% Duraphos TLP, which delivers 0.04 wt%
dilauryl hydrogen phosphite and 0.509 wt% trilauryl phosphite, with a total
‘phosphorous content of about 300 ppm. The ratio of dilauryl hydrogen

hosphite to trilauryl phesphite.in the finished qil was 1.0:12.0. 25 Using
Fhe modified ASTM 228g‘ﬂv’r’mﬁﬁr%érsﬁ‘gew—?uﬁs—oSr SE e e ¥ f this finished oil were
Anfailthyadthaalditiughpioss 08 1828 m@.;ﬁmﬁptayaztd@@amﬁlwﬁ/aﬁfﬁmwraphos
| E. rafi mple A were prepared b mixi.ngénf
A O s o BB R PR
a b@ﬁ&d@z@@@@ﬂﬂ@iﬂi@@ﬂéa%ﬂéﬂ&%ﬁ%%mﬁ the e jovaathestribbd

: ] out,120
D oL oA Tt TR ieha o S & bt
T2 fios St afaine Stagh, (which meliveesmiosbneth idiautityRogereum
CoRitaRBie A0 608 Y% E@é%@/éspé@éPUE%séY!thA%%‘%}S"ﬁ@fi{r’uho ous

content of 358 ppm in the finished oil. The ratio of dilauryl hydrogen
hydsResprnecePhilaUry ijRgspteoprinésivish edioilB avbst TL.M 10 Bsing
trildi8 MPEEAIAST M &288RweAs sahRedesHiis Slans Anishrd RIYELS o
" failing witriﬁa[ weig% loss of 14.2. 18b g’?’mpa‘?agvgﬁ{zxar%ple ?ﬁ%n ar%\ﬁ-(\a/vg%r

additive package was prepared by adding 0.29 wt% of trilauryl phosphite,

Duraphos TLP, and 0.6 & Wiy SipuEapogfa-#30 to
An anti-wear additive package was prepared by adding 1.32 wt% of trilauryt

phosphite, Duraphos TLP, to approximately 6800 granﬁs of a base oil _
composition comprised of about 87.3% RLOP 100 N (Whicﬁ may be
purchased from Chevr‘onTexaCo'Corporation, San Ramon, CA) and about
12.7% Citgo Bright Stock (whiéh may be purchased from Citgo Petroleui
‘Cor.po'ration, Tulsa, OK) to a stainieés steel vessel. Tﬁe components wers:
blended for appxjoxirhateiy t_wo.hrs ata temperathe of from about 120 F 1o
about 140 F. A ratio of dilauryl hydrogen phosphite to trilauryi-phosphite was
calculated at 1.0512.0 with 700 ppm of phosphorous in the finished oil.

PERFORMANCE RESULTS

Example 1 _
The composition of this example Was evaluated for we'ight loss according to
ASTM D-2882. The weight loss according to modified ASTM D-2882 is

2.4 mg.

- ‘ Example 2 _
The finished oi was evaluated for wear inhibition using the modified:ASTM
D2882 wear tesl. The results of the test indicated a weight loss of 0.6 mg,

which is a passing resuit accordiﬁg to the GM wear specification.
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approximately 400 grams of a base oil composition comprised of a balsa
ci. 15 blend comprised of about 87.3 wt% RLOP 100 N (which may be
purchased from ChevronTexaco Corporation, San Ramon, CA) and about
12.7 wt% Citgo Bright Stock (which may be purchased from Citgo
Petroleum Corporation, Tulsa, OK) to a stainless steel vessel. A ratio of
dilauryl hydrogen phosphite to trilauryl phosphite was calculated at 1:0.41
with 6i,0 20 ppm of phosphorousxartipefiBished oil. Comparative
I tj- i kage was prepared b in
T e ER e B RO RO BHS BB
DZRP228616 25tapphexiamtityfdbegtastsnoficabad e eiltghiposition2.4 mg,
C r ¥R [ ised,of 3RLOP 100 N
Wh(?v%mghésrﬁ gﬁ@%‘ﬁﬁs@%ﬁ%ﬂmﬁ%ﬁgﬁ% ng@g%%%grgp%rlgﬁ on ,nSan Ramon,
CA) and about 12.7% Citgo Bright Stock (which may be purchased from
Citgo Petroleum Corporation, Tulsa, OK) to a stainless steel vessel. A
ratio of dilauryl hydrogen phosphite to 30 trilauryl phosphite was
calculated at 1:0.25 with 648 ppm of phosphorous in the finished oil. -25

Comparative Example E An antgwgrg%@ggitive package was prepared by
adding 0.88 wt% of Duraphos - 0 approximately 1000 grams of a

TheLHPssiapsditiols eomprtewves svaliatedibleprbesmpriosibof aboert

ASTRBIMISL i rehase L RgLG S
Corpprago%sgg%wéggergowgcﬁ% gér?g‘gt?g%}ﬂ g:L2.7% éﬁ?gggigrﬂgﬁt‘? &E@E?&vohich

COpREY PetPeirerRd & from Citgo Petroleum Corporation, Tulsa, OK) to a
stainless steel vessel. A ratio of dilauryl hydrogen phosphite to trilauryl
phosphite was calculated at 1:0.00 (i.e. no 10 trilauryl phosphite is

~ present) with 651 ppm of phospgR&#Bi&Pthe finished oil. Comparative

Th&mm@l@sﬁion of this example was evaluated for copper corrosion. The
ASTM D130 test resuited in a 1b rating with a concentration of 4 ppm of

copper in the used oil.

Exam-g_ie 6
The composition of this example was evaluated for copper corrosion. The
ASTM D130 test resulted in a 1a rating with a concentration of 8 ppm of

copper in the used oil.

Example 7
The composition of this exampte was evaluated for copper corrosion. The

ASTM D130 test resulted in a 1a rating with a concentration of 10 ppm of

copper in the used oil.

_ Example 8
The composition of this example qu'eva[uated for copper coirosion. The

ASTM D130 test resu!tjed' in a 1a rating with a concentration of 14 ppm of

cqppér in the used oil.

COMPARATIVE EXAMPLES
-27 -
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An anti-wear additive package was prepared by adding 1.32 wt%o0 of
trilauryl phosphite, Duraphos TLP, to approximately 6800 grams of a
base oil 15 composition comprised of about 87.3% RLOP 100 N (which
may be purchased from ChevronTexaco Corporation, San Ramon, CA)
and about 12.7% Citgo Bright Stock (which may be purchased from Citgo
Petroleum Corporation, Tulsa, OK) to a stainless steel vessel. The
components wo, blended for approximately two hrs at a temperature of

from about 120 F in 20 a%ggpaFvé\ggg&Bf@Aauryl hydrogen phosphite
to trilauryl phosphite wascalculated at 1.0:12.0 with 700 ppm of

TheHeRPRGEIRNPIHE SRk WRERFDRIMING EVRIBBUDTS 25 eidtingple

ASHTN® CRIBROSRNOE IS RAMRIGOWAS LAIHBIadaAeiahiosss) is
according to ASTM D-2882. The weight loss according to modified ASTM

130 pag ag! 195 JOoERATDH IBG SH MrRAfiSRACHGHIRES evaluated for wear

inhibition using the modified ASTM D2882 wear test. The results of the
test indicated a weight loss of 0.6 mg, which is a passing result according
to the GM wear specificatiGHIR2EEE fSHEIPINR finished oil was

Th@k&iﬂ&gﬁ@@:fﬁmﬁtﬁ&hl@@Qﬁm@i@%@mgﬁﬁ@%ﬁﬁgﬁhﬂ@%%mﬁ&%
sﬁ% léés of the test |nd|cated a weight loss of 2.4 mgérWhICh is a
Aﬁéﬁ\? 3 Sult A SrRRG R e DA S yBEr iR AT M BB 2 ithe
14dmpasitiddoefdhistiexaspniecvEs euahvalesinesapper corrosion. The 10
ASTM 0130 test resulted in a 1 b rating with a concentration of 4 ppm of

copper in the used oil.

Comparative Example C

The composition of this example was evaluated for copper corrosion. The
ASTM D130 test resulted in a 1b rating with a Concentraﬂon of 20 ppm of

copper in the used oil.

Comparative Examp[e D

The composztion of this example was eva!uated for copper corrosion. The

ASTM D130 test resulted in a 1b rating Wifh a concentration of 23 ppm of

‘coppe‘r in the used oil.

Comparative Example E

The composzt:on of this example was evafuated for copper corrosion. The

' ASTI\/I D130 test resuited in a 1a rating with a concentration of 26 ppm of

copper in the used ox_i.

Comparative Example F

The composition of this example was eva{uated for copper corrosion. The
ASTM D130 test resuited in a 1b rating w1th a conc:entratfon of 4 ppm of
copper in the used oil. About twice as much of the Duraphos TLP compared

to Comparative Example A was used {0 obtain this copper value, However,

- Comparative Example B shows that increasing the level of Duraphos TLP

compared to Comparative Exémplle A does not siigniﬂcantly improve the anti-
| B S



Example 5 The composition of this example was evaluated for copper
corrosion. The 15 ASTM D130 test resulted in a 1b rating with a
concentration of 4 ppm of copper in the used oil. Example 6 The
composition of this example was evaluated for copper corrosion. The 20
ASTM D130 test resulted in a 1a rating with a concentration of 8 ppm of
copper in the used oil. Example 7 The composition of this example was
weavaluzpediios, cop petteSrrosivrative 251N H 180! Bstaiked fed weantest
wedﬁa%l?%if‘é(F%i%RPF&%HT?‘H%%‘dWegRQf&&fnﬁé?Pa‘%RIéYEQW ed-oll Jxqmple 8
he composition of this example was evaluated for copper corrosion. The
expecisinv i 30aeversdanbddrinetia rating with a concentration of 14 ppm
of copper in the used oil. COMPARATIVE EXAMPLES -27 Comparative
Example A The composition of this example was evaluated for weight loss

it incuuteiatprs KetRithozasorphdigriighs|ass actibrbmipei i ifvenongan
be -%%%&M?@eﬁ%@wg Gogs ARt HrgedRe GMyedRReE Al ch

omparative Exa The composition of this example was evaluated
linisatiosg sty dvednnrged assrm indisded nd Acipnandsd&tdiffing to
modified ASTM D-2882 is 10 14.3 mg and does not pass the GM wear
- specification. Comparative Example C The composition of this example
was evaluated for copper corrosion. The

- 20 .



ASTM D130 test resulted in a 1b rating with a concentration of 20 ppm of
15 copper in the used oil. Comparative Example D The composition of this
example was evaluated for copper corrosion. The ASTM D130 test
resulted in a 1 b rating with a concentration of 23 ppm of 20 copper in the
used oil. Comparative Example E The composition of this example was
evaluated for copper corrosion. The ASTM D130 test resulted in a 1a
rating with a concentration of 26 ppm of 25 copper in the used oil.
Comparative Example F The composition of this example was evaluated
for copper corrosion. The ASTM D130 test resulted in a 1 b rating with a
concentration of 4 ppm of 30 copper in the used oil. About twice as much
WHADISHeLBUviEhiss TLP compared to Comparative Example A was used to
obtain this copper value. However, Comparative Example B shows that
increasing the level of Duraphos TLP. compared to Comparative Example

T AHREE et g Ra RADIGUS AR YS wear properties, as both

Comparative Examples A and B failed the wear test with similar weight

lass. ACRIGIBLY - GPPMBRFRINGExBEIRE F would be expected to fail the

wear test as well. 5 It is understood that although modifications and

{akiatfrigast fTeinGeltor esn e SHEBRURAHATY YhsSTh R omat @il ()
and scopeirdedl] OmM@.gucbauitation8. should be imposed as are
indicated in the appended claims. -29 WHAT IS CLAIMED IS: 1. An

anti-wear additive compaosition comprising: (a%) at least one acid cphosphite
2. ggﬁ]p%n&ﬁﬁear additive composition of claim™ 1, wherein the acid phosphite

compound is dihydrocarbyl hydrogen phosphite.

3.  The anti-wear additive composition of claim 2, wherein the dihydrocarbyl hydrogen

phosphite is dialkyl hydrogen phosphite.

4, The anti-wear additive composition of claim 3, wherein the dialkyl hydrooos

phosphite is dilauryl hydrogen phosphite.

5.  The anti-wear additive composition of any one of the preceding claims, whareu:

the neutral phosphite compound is trihydrocarbyl phosphite.

6. The anti-wear additive composition of claim 5, wherein the frihydrocarbyl phosphite

containing component is trialkyl phosphite.

7. The anti-wear additive composition of claim 6, wherein the trialkyl phosphite is

trilauryl phosphite.

8. The anti-wear additive composition of any one of the preceding claims, wherein
the ratio of (a) to (b) is from about 1.0:10.1 to about 1.6:1.0.

9. The anti-wear additive composition of claim 8, wherein the ratio of {a) to (b} is from
about 1.0:9.9 to about 1.0:1.6.

=30



10.

11.

12.

13.

14.

156,

16.

17.

18.

(b) at least one neutral phosphite compound; and wherein the ratio of (a)
to (b) is from about 1.0:10.7 to about 2.0:1.0. 2. The anti-wear additive
composition of claim 1, wherein the acid phosphite compound is
dihydrocarbyl hydrogen phosphite. 3. The anti-wear additive composition
of claim 2, wherein the dihydrocarbyl hyd=0j_ . phosphite is dialkyl
hydrogen phosphite. 4. The anti-wear additive composition of claim 3,
wherein the dialkyl hydrecle,, phosphite is dilauryl hydrogen phosphite.
5. The anti-wear additive composition of any one of the preceding claims,
where' the neutral phosphite compound is trihydrocarbyl phosphite. 6.

he anti-wear additive compositign of claim 5, wherein the trihydr byl
TP g CORTRAREAT & IRy DRELPRNE PSR A Lok For
aetditived dbhipasidentdf:818im 6, wherein the trialkyl phosphite is trilauryl
phosphite. 8. The anti-wear additive composition of any one of the
Rregedirtkq cla]ims, wherein the rgtio,of (@) to (b) is from about 1.0:10.1 to

6 1169 9. 9 e aht-we s Sddiive composition of claim 8, wherein
the ratio of (a) to (b) is from about 1.0:9.9 to about 1.0:1.6. -30 10. The

@yti-weaatsiive-composiiien-ahpiaimid, wherein the ratio of (a) to (b) is

&;gm aboy 1.0:9.1%0 %Lét %Eto:%.cgh%l. %_Iubricating oil composition
mparlanaé’: 85‘)ear][ellééaétponepa0| P ogp'ﬁ'ﬁé compound; (b) at least one

treutran i e priteaitinpisgasty(@ndn oil of lubricating viscosity; and
whergindfea Waigigatined G40 O)ifreomahniil: 4.0:10.7 toaeoub 0:1.0.

2.0:1.0. 12. The lubricating oil composition according to claim 11, wherein

the acid phosphite compound is a dihydrocarbyl hydrogen phosphite.
The lubricating oil composition according to claim 11, wherein the acid phosphite

compound is a dihydrocarbyl hydrogen phosphite.

The lubricating oil compaosition according to claim 12, wherein the dihydrocarioy

hydrogen phosphite is a dialkyl hydrogen phosphite.

The lubricating oil composition according to claim 13, wherein the dialkyl hydrogen

phosphite is dilauryl hydrogen phosphite.

The lubricating oil composition according to any one of claims 11 to 14, wherein

the neutral phosphite compound is a trihydrocarbyl phosphite.

The lubricating oil composition according to claim 15, wherein the trihydrocarbyl

phosphite is a trialkyl phosphite.

The lubricating oil composition according to claim 16, wherein the trialkyl phosphite

is trilauryl phosphite.

The lubricating oil composition according to any one of claims 11 to 17, wherein
the ratio of (a) to (b) is from about 1.0:10.1 to about 1.6:1.0.
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19.

20.

21.

22.

23.

24,

25.

13. The lubricating oil composition according to claim 12, wherein the
dihydroca,byrt hydrogen phosphite is a dialkyl hydrogen phosphite. 14.
The lubricating oil composition according to claim 13, wherein the dialkyl
hydrogen phosphite is dilauryl hydrogen phosphite. 15. The lubricating oil
composition according to any one of claims 11 to 14, wherein the neutral
phosphite compound is a trihydrocarbyl phosphite. 16. The lubricating oil
composition according to claim 15, wherein the trihydrocarbyl phosphite
is a trialkyl phosphite. 17. The lubricating oil composition according to
claim 16, wherein the trialkyl phosphite is trilauryl phosphite. 18. The
lubricating oil composition according to any one of claims 11 to 17,
wherein the ratio of (a) to (b) is from about 1.0:10.1 to about 1.6:1.0. -31
19. The lubricating oil compaosition according to claim 18, wherein the ratio
PhéaBadiindsofremmpoetiba A:0c9diagioothitnOr 8, Gvdbeih hiecl witiicatiey il(b)
£QMpositio { ing. t im 19, wherein the ratio of (a) to (b) is from
iéslclirgut isbé)'é?f tsoggé)qgu%bl%{;fgn 2%;[. A method of making an anti-wear
additive package comprising: mixing at least one acid phosphite
TReNpBLaLiNg thilallepstiabe aeiidhdiaadpinite Tompaiintardinbigito (b)

the ratiq of the aci hgg&h{'tg.g(ynpound to the neutral phosphite
E(S:cﬁ%‘[NS}O&SDnO ﬁ??c%n*dé out 1.0:10.7 to about 2.0:1.0. 22. The method of

making an anti-wear additive package according to claim 21, wherein the
Fatietnbther acidimhoesphileveampnithe (o thageetdrabiiragphite compound
is from.ahout,1,0; 319 g@gu HoBishitls 2 e meshed ffa?hiq)g]gm tral
anti-Wwear: gd%ﬁtfgg%gacrl‘(agelacéorglpr%‘é ?o c ?Fn? 22, Wheratgln the ratio ofe {jhrea
acid [pHesphie CHRPBIHATS the neutral phosphite compound is from
aboutvh&Qotte aboubl 86l £&id phosphite compound to the neutral phosphite

compound is from about 1.0:10.7 to about 2.0:1.0.

The method of making an anti-wear additive package according to claim 21,
wherein the ratio of the acid phosphite compound to the neutral phosghite

compound is from about 1.0:10.1 {o about 1.6:1.0.

The method of making an anti-wear additive package according to claim ZZ,
wherein the ratio of the acid phosphite compound to the neutral phosphite

compound is from about 1.0:9.9 to about 1.0:1.6.

The method of making an anti-wear additive package according to claim 23,
wherein the ratio of the acid phosphite compound to the neutral phosphite

compound is from about 1.0:9.1 to about 1.0:3.0.

A method of making a lubricating oil composition comprising:
sequentially or concurrently mixing an oil of lubricating viscosity with at least
one acid phosphite compound and at least one neutral phosphite compound,
wherein the ratio of the acid phosphile compound to the neutral phosphite

compound is from about 1.0:10.7 to about 2.0:1.0.
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26.

27.

28.

29.

24. The method of making an anti-wear additive package according to
claim 23, wherein the ratio of the acid phosphite compound to the neutral
phosphite compound is from about 1.0:9.1 to about 1.0:3.0. 25. A method
of making a lubricating oil composition comprising: sequentially or
concurrently mixing an oil of lubricating viscosity with at least one acid
phosphite compound and at least one neutral phosphite compound;
wherein the ratio of the acid phosphite compound to the neutral phosphite
compound is from about 1.0:10.7 to about 2.0:1.0. -32 26. The method of
making a lubricating composition according to claim 25 wherein the ratio

ofthe AelflRNasRRiG GO MMRANKE 9 &B%gsam BRSNS URYR IR erein
from about 1.0:10.1 to about 1.6:1.0. 27. The method of making a

bR APt BhOSERRLRG RS Wislre S ARl PBRO PP is
adidplhbsphitd®-dérpoahdutol thd .Aeutral phosphite compound is from
about 1.0:9.9 to about 1.0:1.6. 28. The method of making a lubricating

corm osition according to claim 27, wherein_ the ratio of the acid phosphite
i 08 %

SUHEE ShEHEH A BRESPIRR FPRESUAD RPN B GRS Peren
alborirdtio:8f 0h@ Qcil plethtteforeniusing todhe sfewtethbbosppdaentspound is

Compriging: lyrisatingLeantigpys metal components with the lubricating
oil composition of any one of claims 11 to 20. -33
The method of making a lubricating composition according to claim 27, wherein
the ratio of the acid phosphite compound to the neutral phosphite compound is
from about 1.0:9.1 ta about 1.0:3.0.

A method of reducing wear of metal components comprising jubricating
contiguous metal components with the lubricating oil composition of any one of
claims 11 to 20.
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