CRANKCASE LUBRI CATI NG O L COVPOSI TI ON FOR PROTECTI ON
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OF THE | NVENTI ON The present invention is directed to
a crankcase lubricating oil conposition for 10
protection of -silver bearings in |oconotive diesel

R4 AR AP | BRIB AT G RORPASPHEN PbREPROTECTION OF
b et NEET SERST W 0] o DT E BIES T ERNEIRES

addi t i ve—corposHtioH, alu CC—offe—or ot € det er gert S.

.. The silver wear protection additive conposition of

10

15

20

25

30

35

the present invention corrprises a mxture of (i) a

neid and LDy Qelgaﬁtl 1B of e JPEMoN " PP hosPrer | ©
d phosphat D OF THE ON . e

A mBae e Tin P GHroRBA Ao T LT Gl cpmpgsition for

ﬁ@%ﬁﬁﬁ?@f élﬁ%’i‘ 'b%éﬁh@sg in E%bbhﬁo‘mé alset ahdihkg @oRgRised (A) a

dation a [Tmt the formati on of engine
degjosamsunt of aﬂddll Df bibricatieg siscpsitk Rk silvdirwealt pregection

i I h hi_gh sl

R R rtsiien o Ge b TP B TbF e
heatertich byditios eBRidostionnst thaprésendirr@atiogrphirisea mbdure
in the United States and other countries pose,

ad i) vihydeocarbyeming salh opa sthialisy] drpmpdwspioric apid %}CH@'B a
SRR SR pF R ARGl PioBb ! 5 bear i ngs o he

si-lver-pl ated bearings provide 25 inproved fatigue
strength and | o@AGGROWEDRBAEIE INVEBNGHANW t h
superior l'ubricity and corrosion resistance over the
need] e_bea r| n Unf ort unat el t hes o
Jibhealng atiorbeary Agty 4ol taliiHalie AR tkeangybricating
gﬂ?yﬂg gﬂ%\]@hiz@déﬂélhéf%%lddﬁoh%fd Which MehitiheSofrRatikie aF ¥ngine

engl nes Furthernore, silver or

dddposits. plmﬁchﬂtluedhea@srmesaltﬁp@atlw ojis oBlsd@issi e 3digh

B e L A

protect bearings surfaced with other materials, for
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YRE o?cfer hléaw %ﬁw Hgs&' ér?gmes have silver-surfaced engine parts, such

as silver or silver-plated bearings. The silver-plated bearings provide
improved fatigue strength and load carrying capacity, along with superior
lubricity and corrosion resistance over the older needle bearings.
Unfortunately, these si[ver;piated bearings are incompatible with many
conventional additives in lubricating oils for heavy duty diesel engines.
Furthermore, silver or silver-plated bearings pose a special problem since
many of the bearing protective additives, such as zinc di-alkyl di-
thiophosphates, which are effective to protect bearings surfaced with other
fnateria!s, for example, brass, copper, lead, bronze and aluminum, are

corrosive to silver or silver-plated bearings.

In the past, silver protection was largely provided by the use of lubricating oils

containing ch!orinatéd_ paraffins, long chain fatty acids and suifur-containing
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chl ori nated conpounds are perceived as havi ng

envi ronnmental probl ens and hi gh sul fur-containing
conpounds have other wundesirable effects. Therefore,
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deoirdemidtiee phitshiocarbiygelnsphetestoftatganicligsesat i ng oi |

of the invention is likely to protect silver bearings
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at least 12 30 aliphatic carbon atons in the fatty
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sulfurized additives without interfering with the oxidation inhibiting or other

desirable properties of these sulfur-containing additives.

U.S. Patent No. 3,267,033 discloses a novel composition of matter comprising
from about 1 to 3 parts by weight of an oil-soluble fatty acid having at least 12
éliphatic carbon atoms in the fatty radical and from about 1 fo 3 paris by
weight of a tertiary-aliphatic primary amine salt of a partially esterified
phosphoric acid in which the ester radical has from 1 to about 30 aliphatic

~ carbon atoms. The composition imparts desirable frictional characteristics to

jubricants.
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carbon atons. The conposition inparts desirable
frictional characteristics to lubricants. -2 U S

Pat ent No. 3,649, 373 discloses a silver passivating
conposition consisting of a carrier inert to silver
and a thiocarbam c conpound. U S. Patent No. 3,775, 321
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silver and bronze engl ne conponents. U. S.  Patent No.
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‘U.8. Patent No. 4,575,431 discloses a lubricating oil additive comprising a
mixture of phosphates, said phosphates being essentially free of mono-
thiophosphates and comprising (a) di-hydrocarbyl hydrogen di-
thiophosphates; and (b) a sulfur-free mixture of hydrocarbyl di-hydrogen
phosphates, said composition being at least 50% neutralized by a hydrocarbyt

amine having 10 to 30 carbons in said hydrocarbyl group.

U.S. Patent No. 4,717,490 discloses a lubricating oil containing (1) an alkali
metal borate; (2) an oil-soluble sulfur compound; (3) a di-alkyl hydrogen

phosphate; and (4) a mixture of neutralized phosphates said phosphates

3.
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a di-al kyl hydrogen phosphate; and (4) a m xture of
neutral i zed phosphates said phosphates -3 5 being
essentially free of nono-thi ophosphates which interact
synergistically to provide a lubricant with superior
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Patent No. 5,302,304 discloses a nethod of protecting
sichiggipaag parafifld 25 i nhi biting copper corrosion in an

i nternal conbustion engine and a silver-wear and
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U.8. Patent No. 5,302,304 discloses a method of protecting silver parts and
inhibiting copper corrosion in an internal combustion engine and a silver-wear
and copper-wear protection additive in a fubricating composition comprising a
major proportion of an oil of lubricating viscosity and a minor amount of a
silver-wear and copper-corrosion protection additive comprising the reaction

product of an amine, formic acid and a Cs to Cg carboxylic acid.

U.S. Patent Application Serial No. 10/463,932 (Publication No. US
2004/0259743 A1) discloses a !ubri'(_:ating oil composition containing: (1) an
anti-wear package comprising: (a} a hydrocarbyl phosphate and amine salt
thereof; and (b) an alkylene coupled adduct of a hydrocarbyl substituted

dithiophosphoric acid and an a,8-unsaturated carbonyl containing compound;

-4 -
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prot ection 20 additive corrp03| tion and (C) one or nore

%&%@h?mvgﬁﬁorﬁs'd{%’c% a cRInkEESE udRicatkel bil ¢emposition for
composition of the present invention conprises a

mmetation oéfsn\(er)beannga rmbanmtiamdmeé angings carrtnnsmgﬂ

cpto! SRR By 2 1 A eeho s LAY AP ficBtion

PACRFGY cérﬂM@ﬂﬁér@ Bnd $CHbAE oF Afbrt @etergeRRK Cﬁﬁsuver wear
lubricating oil 25 conposition for |oconotive, di esel

ewgtention esliivegiongosition of thajpsesemidinentign cempsises gt mixture

BB ¥ f 0 R R BHEER 4 o

Wr@@@fb?mhﬂﬂé Balt shkhi afyl acidiptasishisted - t hi ophosphoric
aci d

Specifically, the present invention is directed to a crankcase tubricating ol

composition for locomotive diesel engines comprising:
(A)  a major amount of an oil of lubricating viscosity;

(B) a silver wear protection additive composition comprising a mixture
of (i) a hydrocarbylamine salt of a di-alkyl di-thiophosphoric acid
and (ii} a hydrbcarbylamine salt of an alkyl acid phosphate; and

(C)  one or more detergents.

In the silver wear protection additive composition of the above Iubricating oil

‘composition, preferably the ratio of the mixture of (i) the hydrocarbylamine salt

5.
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and (ii) a hydrocarbyl am ne salt of an al kyl acid
phosphate; and 30 (C) one or nore detergents. In the
silver wear protection additive conposition of the

above lubricating oil conposition, preferably the

ratio of the m xture of (i) the hydrocarbyl am ne salt
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e of ut 8

Hertbe svargheadisblostion sdatve PenEaRiondaaa AR Ve RKDisine of

"&%rﬁ?oé?lf orf tﬂe r@ﬂg o(‘ l(lh ?0 (u M)Le irﬁgrﬁggi %}?\'ggbdg%ognggmlof

gmrcemtotaboabaﬁﬁomobmemeﬁt pasedeon theatotal rarles vé (i apd (i)

nﬁlj)rq Bre(ftl—)r Y, tﬁe(rgéo Pg(lg@'\/ﬁf 1%@)3%16 ol r%Bégcenﬁﬁg{)G@f 0 mole
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wear protection additive conposition of the abov

| Mbst rreferablydhe rattmﬂ%)stpt(wbw Bnds abowt 53;p0 mole pefcent based
errpl oyed to prepare the
'%c@?%?ﬁaﬁ'ug kﬁ)s s essentially free of

rmno t hi ophosphat es. The al kyl groups on the di-alkyl

~ din-thbistpdrosedigsrbtectioh ddalitivet duenpdditidn atthe al#ive lubricating oil

phosphate in silver wear tection ad | tive
c@pma@$lth>ratheo¢l A cTaoen BRI 6 A g TSRy e RsePRres e
g%q{ I g&%%
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di -t hi ophosphor| c acid and the al kyl acid thos phat e
aflee blkyegmouphainthaldicplkyh dibthiephosphoric acid and the atkyl acid

phosphate in silver wear protection additive composition of the above
lubricating oil composition independently are linear chain or branched chain
alkyl groups. Preferably alkyl groups on the di-alkyl di-thiophosphoric acid

and the alkyl acid phosphate are linear chain alkyl groups.

The alkyl groups on the di-alkyi di-thiophosphoric acid and the alkyl acid
phosphate in the silver wear protection additive compaosition of the above
Jubricating oil composition preferably independently have from about 3 carbon
atoms to about 40 carbon atoms. More preferably the alkyl groups on the di-
alkyl di-thiophosphoric acid and the alkyl acid phosphate indepéndently have
from about 3 carbon atoms to about 20 carbon atoms. Most preferably the

alkyl groups on the di-alky! di-thiophosphoric acid and the alkyl acid
-6 -
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The al kyl groups on the di-al kyl di-thiophosphoric

acid and the alkyl acid 30 phosphate in the silver

wear protection additive conmposition of the above

| ubricating oil conposition preferably independently
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composition of above lubricating oil composition.

The one or more detergents in (C) employed in the above lubricating oil
composition may be one or a mixture of neutral, low, medium or high

‘overbased metal detergents, which may include sulfurized metal detergents.

. The high overbased sulfurized metal detergents may be high overbased

sulfurized, carbonated metal detergents. Preferably the metal is an alkali
metal or an alkaline earth metal. More preferably the metal is an alkaline
earth metal, such as calcium or magnesium. Most preferably the aikaline

- earth metal is calcium.
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The one or nore detergents in (C) enployed in the
above lubricating oil conposition my be one or a
m xture of neutral, |ow, nediumor high overbased

metal detergents, which may include sulfurized netal
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over ased al
sad)mmdraaﬂyﬁ and overbased al kyI or al karyl
sul fonates. M xtures of different detergents nmay be

brlcat Siti nof
oTEs sircefite il oRTPORHEREStdbe PR Iianop &agPFS the EMD 2-
aggrtaplilec BAGRISTAL Y. The lubricating oil
conp05|t| on of the present invention passes.the EMD 2-
20 567C "2-Hol er" Engine Test. The above | ubricating
ol he @bape dibricatingwjl compastiondday firher GeERIisSeRAR Or More

| BHEaR1d a0 aBbtiyBE blbrraif Aol oMl ReanAa Wistosity

I nprovers an

Cﬁ{d@asesmgfwem@ ehdto@rrs)s;oﬂrmh@ﬁai@ YPiieherablydhe dbabveilgxidatigy oil
oil conposition further conprises one or

dp@lpj@pglﬁﬁfl Surthasreomprigas If §F MRES dispersants. rTBlrore preferably the
dispersants are ashless dispersants. Most preferably the ashless dispersants

are derivatives of succinic anhydride.

A further embodiment of the present invention is directed to a lubricating oil

concentrate comprising:

(A)  from about 90 weight percent to about 10 weight percent of an oil

of lubricating viscosity; and

(B)  from about 10 weight percent to about 90 weight percent of (a) a
silver wear protection additive composition comprising a mixture

of (i) a hydrocarbylamine salt of a di-alkyl di-thiophosphoric acid
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(1) to (i) |n1((i? 1s about

25 di spersants are ashl ess di spersants. Most
preferably the ashl ess dispersants are derivatives of
succi ni.c anhydride. A further enbodi nent of the

present invention is directed to a lubricating oiI

concentrate conprl sing: (A). from about. 90 \/\Elﬁ
percent t 8ndiia hydrogarhytamiperselnf agralky| agid phagphste, and

| ubricati ) from about 10 wei ght
per cent tg&a%do%§ro®gP%g?%h?€e'{g§rcent of (a) a silver

wear protection additive conposition conprisi n? _ .
e sitver efeafiprotectin edddive yoapositiosaifthe abaveliutaickying oil

di -t hi oph |
Soneonf R PRt E ) S ienrahe bndY B B0y Mo <
qﬁh%&ﬁ‘ﬂ%ﬁmlr\é‘ séthf §1e| dfealkw@afmwmis%bh@ Ricfighd (iehe

conposi tion of he above ['ubricating oil concentrat e,

pryefecaabylgmiine QE) of the alkyliasicbphesphale it (@) do dre ohe of more
&%/eq%rl%%ﬁﬁﬁs(gﬂ] ﬁ &ﬁ% Eﬁjirbg ﬂigal‘liqqq 0. @i@f X\ﬁaight percent to about 5:10

hyvalpRegéreheradeel Giatte talthbgat dfthe ﬂﬁbrﬁ:aﬂhgs.)ﬂ @@heemtrate
) to the one or nore . detergents in ( 2 IS in

safﬁgﬁabw tap atio of @ ta (b Meinythe raepeahabpst 8Hsut0 wewt percent

16 BB CESF St ot HPbptSlalty b Myncpugg o
(cOncbotréde) N/ISreJ preféreblyatheeaﬁxf ofifz0tid (18). |§5n {1 meigghdf about
percent . to about 3:10 we i@ercent ase

th )
{1 40 weighheeTEeNt tocahaus L Weis Bercens bass] eRdha fetal weight
f t b th
e RIFCEfiATLH cpRGefifes, ght(gércgn§ Lo about 1:10

wei ght percent based on the total weight of the
|lalihé sitarvpaigrotestior mddiive compotsﬁ@ns@ﬂ the rabawa dubricating oil

FisbicpgheEnyRoiato S InSRABARQ) S B HiBs 800 8030l
| fertént tbsab'o[lt Qb%orrﬁﬁ@epé}f:elﬁ%é‘édaﬂ} &2 tordl enclls @e(irgm (ii).

t o about : ercent based on the total no
d¥loge preé@rabbf thye raticw@F @) for @) iar(@blsyintthe rarge of aboytig0:4@ mole

pebetto cBout 3060508 AEPE Hise Bt bt B Ry oy

mabsspreferfbly tAadatid &9 (i) toBsih ég} Egeﬂfﬁ Empfseqw?g]?pﬁgggg based

on the total moles of (i} and (ii).

In the silver wear protection additive composition of the above lubricating oil
concentrate, the di-alkyl di-thiophosphoric acid employed to prepare the

hydrocarbylamine salt is essentially free of mono-thiophosphates.

The alkyl groups on the di-alkyl di-thiophosphoric acid and the alkyl acid
phosphate in silver wear protection additive composition of the above
lubricating oil concentrate independently are linear chain or branched chain
alkyl groups. Preferably alkyl groups on the di-alkyl di-thiophosphoric acid

and the alkyl acid phosphate are linear chain alkyl groups.

The alkyl groups on the di-alky! di-thiophosphoric acid and the alkyl acid

phosphate in the silver wear protection additive composition of the above
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35

on the total noles of (i) and (ii). 25 In the silver

wear protection additive conposition of the above

| ubricating oil concentrate, the di-alkyl

di -t hi ophosphori c acid ‘enpl oyed to prepare the

hydrocar byl am ne salt is essentially free of
robidcatingopheysieatrete prefierablyipdepgnsiandy hiave fengabayld parbon

A D SR oA AR TR o
ad1Ry &li-Btlo phibsp Horicidbi ahd tosieginididpaosiektp émttgrendently ave

Lf}(g'ggb&g'%l%l*’%ﬂ g@%&ggﬁqﬁb&%%g%{@%.o%%i preferably the

| i [ a te
S BOAPORR Loyl el o alorsta ¢
dvhaspkgte itidepbhdeitysipver fram abiodt 4 wdritdreatainks/lo alwiud 10 carbon
phosphate in the silver wear protection additive
cHRPSsi tion of the above -9 5 lubricating oil
concentrate preferably independently have from about 3
C@Fe?&%bwg'mjdtr&caﬁ‘ﬁfﬂl{}mé& oﬁQh@%?d@c@F@yiarNﬁfeeemployed to make
preferably the al kyl "groups on fthe di- al kyl .
dihetiidoptasbylaine salts i thasilveravaangmotention askdiyeHaraposition

A BRARGR Lot ou cBR i (i RRME ReofaBREL

t&soui40addeisbn Glorhdl Wifle pRéTerdltly 8% lydodarblyeg@ulsyon thei d
10 phosphate independently have from about 4 carbon
anysirecarbylabyne hag framm Bbaufl 14 eabonmtemertaabput K@ carbon atoms.

hydr.oc I | anj.ne I

RSB e BBl i I 44 AREANE GRLBS TR B0 the
paliphetitigpoumican gl groupe@siani alkenybfréure Mosvpreferably the

| ubricating oil concentrate has from about 8 carbon
ASHRCTEYHGroaRdS AN AKW B Pat ons. More preferably the
hydr ocar byl group on the hydrocarbylam ne has from

« t X
2P by e S g Sy At e an e

ghyrrpcarfdytaenipe sbéod fhey alkiteacidiphpbphate eynglaped i the silver wear
al kyl group.or an al kenyl . group. t preferabl h

e PG Ghecinpes an of R iovgrdunaiog o noentrate are
h%@h@g@[d?dééfﬂyiﬁﬁliﬁé‘lséItsqfdi-hpérdébrtﬁ)[éﬂﬂne salts or tri-

di -t hi ophosphoric acid and”the Hhydrocarbylamne salt
oydrhearblylaphinasiatis phrosptiree therppbyBeeferabinbediydregarbylamine
Y& of the di-alkyl di-thiophosphoric acid and the hydrocarbylamine salt of the

alkyl acid phosphate are mono-hydrocarbylamine salts.

Most preferably the alkyl group on the di-alkyl di-thiophosphoric acid is n-
hexyl, the alkyl acid phosphate is n-butyl, and the hydrocarbyl group on the
hydrocarbylamine is oleyl as employed in the silver wear protection additive

composition of the above lubricating oil concentrate.

The one or more detergents in (b) employed in the silver wear protection
‘additive composition of the above lubricating oil concentrate may be a mixture
" of low, medium or high overbased metal detergents, which may be sulfurized
and/or carbonated metal detergents. Preferably the metal is an alkali metal or

an alkaline earth metal. More preferably the metal is an alkaline earth metal,
-10 - '
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protection additive conposition of the above

| ubricating oil concentrate are nono-hydrocarbyl am ne
salts, di-hydrocarbylamne salts or tri-

hydr ocar byl am ne salts, or m xtures thereof.

Preferably the hydrocarbylamne 25 salt of the
duchlakydaldimtdriroadresidror | Mosicpréferablytthe alkaline earih metal is

hydr ocar byl ami ne salt of the alkyl acid phosphate are

‘Aydr ocar byl anmine salts. Mst preferably the al kyl
group on the di-al kyl di-thiophosphoric acid is n-
hexydbovehBbatdting dresnpdsihaiag fugher domiptise and ot heore
hydrocar byl group on the hydrocarbylam ne is oleyl as
dutpicafieg dilra esiselastedBram (ﬂiﬁlé@rééﬂé@ﬁnﬁwiqar\‘;% V%@Slty

0S| t ] of, Abr i cad, | [, ; ;
TRBORrbFEsopnd qEr B TRy BreRRafll g eBErPiichting o
sohyrsitivralurtheot@ebiisss omeldi kiore dispepseits.i Morefprefeeably the

above lubricating ail concentrate e.,a mxtur of
Iddﬁﬁ,erﬁ%faiﬁlﬁﬁ@é‘ﬁhi@ﬁﬁﬁ"%’\‘?é‘%aé‘&%eﬁ‘ﬂ%?%ﬁqgé@&%eﬁ‘ﬁ@?sﬁﬁ%?%mams

era e neta an al kali nmetal or 35 an
al kaline earth netal. Mre preferably the netal is an
#Arcihémembadintentef i presaot inventicrsis chlectashiooa method for
magnesi um st preferably the alkgline eart .S
Sineeting Shed taseBes b ireneig Jrrd e SR gompising
f%@ié&ihg‘%ﬁ@%ﬂ\'féﬁ)é@?iﬁg@ Kitthe lubbriditing dill ddengddition comprising:
additiveés sel ect-ed from di spersants, anti-oxidants,
viscosity index inprovers and corrosjion inhibitors.
Pr etfer abRynajpeamiegeo Abeil ebiubAgatig viseosdhposi ti on
further conprises one or nore dispersants. Mre

, E?%Pgﬁvgwésﬁﬁ%glmfé}ﬁ{ figsar bonat ed netal detergents.

pr e{@;?g %il@%ﬁye&@gg%cﬁﬁﬁtaﬁdgfv@ c%%tﬁ;ndg(ﬁgﬁﬁﬁﬁﬂtasmixture

Mos era ess di spersants

deri vat i geg) @hysrecaibyiamiashsattrafdedi-sAig tdidniophbeptiarieracid

of the present invention is directed to _a nethod for
pr ot ect i AGd §i)a/Rydreerbyiaging §a q?é‘&?rlf'ﬁ? W@@i‘ ate; and

engi ne crankcase conprising 15 contacting the silver
bea éﬁgso%b?rﬁd?é dedlpbg@t i ng oi |l conposition
conprising: (A) a nmgjor anount of an oil of ‘

| ubricating viscosity; (B) a silver wear protection
dddine sikerovearaaptaction edditive sompasitionaiihe abeve megthad,

%g{??gt?lw%é 2 .tongf tﬁ%lrrt}ix%fre B fHe’ (ﬂ Wclrogérbgfmn%ﬂg %%Rrbc? rttilé di-

alkyl di-thiophosphoric acid and (ii) the hydrocarbylamine salt of the alkyl acid
phosphate in (B) to the one or more detergents in (C) is in the range of about
0.01:10 mole percent to about 5:10 weight percent based on the total weight
of the fubricating oil composition. Preferably the ratio of (B) to (C) is in the

range of about 0.05:10 weight percent to about 3:10 weight percent based on
the total weight of the lubricating oil composition. More preferably the ratio of
(B) to (C) is in the range of about 0.1:10 wéight percent to about 1:10 weight

percent based on the total weight of the lubricating oil composition.

In the silver wear protection additive composition of the above lubricating

“method, the ratio of (i) to (ii) in (B) is in the range of about 80:20 mole percent

“to about 20:80 mole percent based on the total moles of (i) and (ji). More
-11 -
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and (ii) a hydrocarbyl am ne salt. of an. al kyl acid-
phosphate; and 20 (C) one or nore detergents. In the
silver wear protection additive conposition of the

above nethod, preferably the ratio of the m xture of

the (i) hydrocarbylam ne salt of the di- alkyl

d pféfbtz?mhﬁ&phlﬁo iof (it @) angB)(is in thehmniggdf ebaub§0 4k mele
salt of the alkyl acid phosphate i 1o the one -
napioepbieraRArd o T pel i Benes phlae Rial Bplsiord il
Opfblst H PRI G800 (PLRRO W () i Qpoet 8biBoRABRANrcent based
basea%ongﬁwbzytot al vveimg)ht pig)of (E?}h[e | ubricating oi'Ir o

c onyibs tetabmoleBraff(graabl(§).t he ratio of (B) to (C) is in
the range of about 0.05:10 wei ght percent to about

3:1 i ght , . . ' .
IS PGB CR oo B PP EREB e Al o o
ofalkyl B} thishHoshbhosc i_aadtémpibz@@a) pfepaive tite Rydrotarbsargime salt is
percent to about 1:10 wei ght 30 percent based on the

t esaentigly dree imene-thiophodatesy oi | conposition. In

- the silver wear protection additive conposition of the

15

20

25

30

ak ' ' e e o L) Ao Gt ) i
TP 0l TR RGeSy )
aphotpRatesn sitdravemretectibasdditve conepasiicrl ofitbeebaye method

Lanqamencbhl pye ear shaincor HRGEeH SHpBA e afP P brably
) {4 P i ' i
S R i e e

(iphosphdteigreilineéByhdig aldybgou®8; 50 nol e percent based
on the total noles of (i) and (ii). In the silver wear

prot ection_additi oL .

S 2o B AR RE ird oot o

p Ifr;%@pﬁafehﬁ tthey ginee avday Ipeoticatiors attitive coagsmitionadfl thefabeve

of nono-thi ophosphates. The al kyl groups on th
dimethigprefierably disiepspeenichave forrabaile %@'EW almg to about 40

ph ' i r t] Igih i

C oD o oot BrersfEtly BBl o a0 the WPl o,

| ithiephogteirit auid Bnatishelkytheid phakplbdtegndepandently have from
Preferably 15 al kyl groups on the di-a

Ciehent BRdapaIoTes IcARP R ERRORRITS AM AP Pesfsithe alky
e g%{%ﬁﬁgrﬁ?ﬁ“laiggadi-‘ib{ihgt?l&%ic daTé?aﬁ gﬁbwé s ylble;a ;ﬂ'g)s‘ph@te

hosphbric aci “the al aci
independently have from about 4 carbon atoms to about 10 carbon atoms.

Preferably the hydrocarbyl group on the hydrocarbylamine employed to make
the hydrocarbylamine salts in the silver wear protection'additive composition
of the above method has from about 8 carbon atoms to about 40 carbon
atoms. More preferably the hydrocarbyl group on the hydrocarbylamine has
from about 12 carbon atoms to about 20 carbon atoms. Preferably the
hydrocarbyl group is an aliphatic group. More preferably the aiiphatic group is
an alkyl group or an alkenyl group. Most preferably the hydrocarbyl group is
_an alkenyl group.

The hydrocarbylamine salt of the di-alky! di-thiophosphoric acid and the |
hydrocarbylamine salt of the alkyl acid phosphate employed in the silver wear
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phosphate in the silver wear protection additive
conposition of the above nethod preferably

i ndependent|ly have from about 3 carbon atons to about
40 20 carbon atons. More preferably the al kyl groups
on the di-alkyl di- thi ophospEori c acid and the al kyl -
REstaclinrhapmitive compestina &t ths ahave AEHHRO3 car bon

* SHEpeABIaRRN oA, RO ghser o Asbioet e

aafls tdremixturgs theredt. pRaselabtethel ndepeatbdanine hal of theodiralkyl

T N NEET TG L
E*‘;%%ﬂ%%w@hmwmm%_ t he

rocarbylam ne salts I'n the silver wear protection
additive conposition of the above nethad has from

Aesitmprefesably e akyhgroup abivetdi-aiky SHEUePhasPHREC agkstis n-

PR oURr oy i BXRAERRD I L Bndhe fifracarby group on the
ayaricatfylaminor aéamBnpiByed e thil sivehwedOpiutetimraadditive
group is an aliphatic group. Mre preferably the

sonpesition oftBapnetsodanal kyl group or an al kenyl
group. Most preferably the hydrocarbyl group-is an

S0 P48 L SSPC b d i composion
oy theo aboxy hetihotb ey ie afmiktuee af hgutralcbdl_om mepﬂigﬂ'gor high
SOOI e SabE B 1) B A o
Rt A¥Aaal dferpints  Prifefly feambidl &R allkédlrhstabbr an

tri-hydrocarbylam™me salts, or m xtures thereof.
rilkdlieeatirih metal hjibre caeteyablyitie mejaltis gn alkaling eaifkjetal,

s B RS A SO Byt

SAdigm. 10 Most preferably the al kyl group on the
di - al kyl di-thiophosphoric acid is n- hexyl, the alkyl
aci d phosphate is n-butyl, and the hydrocar byl I%r oup
orha akovenliBrieatintdyll semResitien Hidher cOMPISEEs PG Hare

) _ c or i S % . y
BRI Qe MBS OABS, bty
tifiéext insrocais Ayl corrogiomirdsibitoren Préfralily e abbeoy Ribricating oil
nmet hod _may be a m xture of neutral, or |ow,  nedi u?w o[)
Hiqgposition further comprises one or more dispersants. "More préeferably the
dispersants are ashless dispersants. Most preferably the ashless dispersants

are derivatives of succinic anhydride.

A further embodiment of the present invention is a silver surface protection

composition comprising:

a mixture of (i) a hydrocarbylamine salt of a di-alkyl di-thiophosphoric acid
and (ii} a hydrocarbylamine salt of an alky! acid phosphate.

In the above silver surface protection composition the ratio of (i) the
hydrocarbylamine salt of the di-alkyl di-thiophosphoric acid to (i) the

hydrocarbylamine salt of the alkyl acid phosphate in the silver protection
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over based netal detergents, which may or may not be
sul furized and/or carbonated netal detergents.
Preferably the netal is an alkali nmetal or an
al kaline earth netal. Mrre preferably the netal is an
al kaline earth nmetal, such as cal ciumor nmagnesi um
Mot pqaitfreisabithe tangeadflcdiounh 8028 mhlenwgraéntite abeoit 20:80 mole
cal ci The ove, lubricafing oil c osition further
it 08 i Boe Bt hedoBie SRTRR T Al et e Walky
shlsehbRIspHA® £Hi® BRA $9 hifky| ARH !ph@é%lﬁ’ét@t Prefdrabl9ghé Yatio of (i)
i ndex i nprovers and corroSion inhibitors. Preferabl%

e

tthe hydtmearbylamineagathef thieldi-adohdbiianhespharic peid to (i)
SR neise S BPUE AldBRiF BRb S AP Lo qRE oA tcbie

WRkarabing thhe nastdbe e dpeadgiinine 3aks dettevditalkgsiiof
succi ni c anhydride. A further enbodi nent of the

ghispbasphenceatid andithe glll poidrPhasPhaEe prot ecti on
conmposi tion conprising: a mxture of (i) a _
P - - r
S ARGIELEC pRE B pg] anlnBslonicach rRReITac
gticdphhtesiphbe silvdmsurfaeegiyoteetion lcompositioh axd éhe rboee niethod
osjtion the r 0 of, rocar byl am n

SHPTeTablvyRaeRanOEnRY haus Tl Bhpid<h RIEPE Sams tp 2BELE 4O carbon

t4i8msIdbREGERY Biy‘et@?iagﬁ)i g;zicgfpgtcnﬂr@l divdiei ﬂ'\[@ﬁ%ﬁﬁ?‘ﬂ@ acid

in the silver pro conposition Is’in

raniheadlky lpein platsph@atervideppadentht have sopuwrbort 3gwarhen @toms

ﬁg[ﬂ%g)@ggﬁ%%ggﬁrﬁgtob%?t @%%? ;laqeﬁ%?rlagﬁ/_tﬁ{adi}%?gmups on the di-alkyi di-
GhidphbsphesiadE izhdane @l dcidishcadplile iaabgeRiaaR @@ from
Pr gtplgr aEI g the ratio of@(pi )C I‘r%hhephyoelarloca‘?let'nyl am ne salt
dbauid eiirban kiamglfo abpwipHbepheriatomsid to (ii) the

hydr ocar byl am ne salt of the al kyl acid phosphate is

ﬁ% ?&a@&)ﬁp%ﬁ{d?fd&b%&r@@? %ﬂﬁgg g&agcﬁuﬁﬁéﬁm &mBloyeh8o make

roca ne sa _
tthedydesgioylbmiree saltsindht biived durfacagirdteptios pbatpmsititineof the
al kyl groups on the di-al kyl di-thi opélg)sLﬁhori C.aci
apveretho\hasieem abewb Ssahen pipnshio apqui&l carppgatoms.

. o ;

BRI ool of 18 fy Bt o RES RO

&barariBararbon atoms to about 20 carbon atoms. Preferably the hydrocarbyl
group is an aliphatic group. More preferably the aliphatic group is an alkyl
group or an alkenyl group. Most preferably the hydrocarbyl group is an

alkenyl group.

Most preferably the alkyl group on the di-alkyl di-thiophosphoric acid is n-
hexyl, the alkyl acid phosphate is n-butyl, and the hydrocarbyl group on the
hydrocarbylamine is oleyl employed in the silver surface protection

composition of the above lubricating oil concentrate.

The silver surface protection composition of the present invention may
further comprise an organic solvent. Preferably the organic solvent is

selected from an alkanol, a halogenated hydrocarbon, an ether or a ketone.
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15 atons. Mre preferably the alkyl gr'oups' on the

di - al kyl di-thiophosphoric acid and the al kyl acid
phosphat e i ndependently have from about 3 carbon atomns
to about 20 carbon atons. Mst preferably the al kyl
groups on the di-al kyl di- thiophosphoric acid and the
al kyl acid phosphate i ndependently have from about 4 -
carbon atonms to about 10 carbon_a R 0 ﬁferably
t he hydr ocRERN 18 G P HaNH9ig 15

to make the hydrocarbyl amine salts in the silver

- surface protection compgstiipiogs the above nethod has

from about 8 carbon atoms t© about 40 carbon atons.
More preferably the hydrocarbyl group on the

e A R T S A e e

_ ydr ocar byl
eQ‘ir_%'é@lgi Siaf@d talheBenirarygr oup. More preferably the
al'i

phatic group is an alkyl group or an al kenyl
roup. Most preferably . the h

g [ f rocarbyl i iodi
Theitery algabuiptaes USRS REFTT ks, PEls of #3 perodie
i 7 al Ibihi | Snd@Gthdinhs n- hexyl, the al kyl
T%P’ed S@ﬁhggﬁgpgrﬁwa %Itgilﬁl &n and the hydrocarbyl group
on the 30 hydrocarbylam ne is oleyl enployed in the

Tﬁjlflot\f/e% gﬁ%gﬁ%g?ﬁﬁ A ASE 12N, ERRISint rofdts @ Grbap dbmetals of the

concentrate. The silver surface
RERIdRE T A8, swirpas thlicium ehdrhegneségent i nvention may
further conprise an organic solvent. Preferably the
organic solvent is selected froman al kanol,,

el parrabesubyier as asbaherein relohato addiivacdesiancd tydisperse
DETAI LED DI SCRI PTI ON OF THE | NVENTL.
e Ao I
9% | ' hetiorootttherfyel
%Pﬁa&?ﬁqtfﬂ%%%ﬁdsﬁ%@gﬁ&#ﬂ dafiRd 8 ssmbliti alfye

as used herein refers to (%OLde
WhidBhaduid efhdriviseReausediarroskablostheangineagas Hilghtincheckea.

otassiumand lithium The term " l.ine takali
Eiianle dorasoems et B 1 Resay NYen e iof SR
metal or alkaline earth metal salts of alkyl sulfonates, alkyl phenates and
Mannich base condensation products. These detergents may be sulfurized

and/or carbonated. Numerous detergents are commercially readily available.

The term “dispersants” as used herein refers to additives that keep soot and
combustion products in suspension in the body of the oil charge and therefore
prevent deposition as sludge or lacquer. Examples of ashless dispersants are
succinimides and succinate esters. A large number of dispersants are

commercially avaitable.

';he term “hydrocarbylamine” as used herein refers to a_primary

hydrocarbylamine, secondary hydrocarbylamine or tertiary hydrocarbylamine.

Hydrocarbyl refers to an organic radical composed of carbon and hydrogen

which may be aliphatic, alicyclic, aromatic, or mixtures thereof. Preferably the

hydrocarbyi group is an aliphatic group. More preferably the aliphatic group is
-15 -
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Periodi c Table, such as cal cium and magnesi um The
term"detergents” as used herein refers to additives
designed to disperse 15 acid-neutralizing conmpounds

in solution in the oil. They are usually al kaline and
react with the acids which forn1dur|n§1 Ee co ? }?Bts
anfalityngrdupedr amdlkentl @ﬁum&ﬂ@ﬁtﬂrﬁfﬁ%’% & royrgro

_agae{ l%eg}sﬁli gqu_tpf e& he%r%ﬁ%éhetr%ﬁﬁeshyér bﬁ/léﬁﬁ‘iﬁ@%@&%ﬁ the di-atkyl

use 1 n t esent | nvent| on
dffopiddp h%ﬁ@fﬁétcﬁan@tﬁeazhlkyl araid ahosphaida iad imenaeaming salt

T sa f al kyl | f
wrlfet;;ﬂgm dﬁg @égagmgmgl@gﬁﬂ &@g 3?0%5 %@pg & ¥ﬂ ggoge%@{n%ftog]b?)g? Qo
cﬁ@%’cgf %fgﬁijsl f‘gﬁ%ﬁggrocaﬂjg{! a 1n“eacféi’1°f5@é¢ﬁ“xtd¥bfwéﬁut$es Typical

y readily available. The
éhﬁhﬁ’ﬂlc §l|k§lpéﬂhmt1ﬁciuds peﬁwehgiﬁm!ne,r@t@%cw%n@@d Fetvianaine,

keep soot and tion products in suspension
ane ﬂ‘lﬁéikBoMO\ﬁfPr?‘i%regl '§ iﬂ ¥€and therefore prevent

deposition as sludge or Iacquer Exanpl es of ashl ess

di spersants are 25 succini des an succ t ,
The terge lenametivegiie sl SHgmss “1 E %?ea?x &rigine ol

l,lséq%lelpi%cg um %?eéfal%el%%@bf&)@md‘r@y foamdus edm’oed ei n

ocar byl am ne, secondary
llamm@ﬁ@é@wawrnmmgooatse and statiompey pewehgPplifaHens:
Hydrocarbyl refers to an organic radi cal conposed of

560 B S 0202 AL BB PP el sy

If@ha Bah whigT the at!MﬁXf&e
Bl nyonichagost vigr b

guebpr of equivalbRtsf| argalba ine ey nﬁt@lft@,tg% Wmtq’% o¥ equivalents
U RE BB Faf L Y byl fspo henscant
TR BBt e S
Base NunbeGRN mrealeB ] s ¢ %&%&féd é’%}%‘r%‘%ﬁ%@e"
e G R AL PR i S b

@Gﬁér%ﬁ%ﬁb@lﬁgréeTBNCgradmyH\mmanddese‘ytm2039 tghlop\ﬁﬁléased
[T ke. Mbst referredl

rebfetﬁomik%lmaje@%fémeéﬂ 'ﬁg E?PE Sa{l}g{e Wéﬁﬁi and.p
t ' | d di esel
gﬁlf@lﬂqﬁ%%b&ﬁg"é *rgr\#ﬁrﬁgtérfihéwéogm speed di ese engl hes

oun rail road

The term “mono-thiophosphates” as used herein refers o compounds having

the formula below:

RO\\
/ \
R b
wherein R, R” and R” are independently hydrogen, or alkyl having

from about 3 carbon atoms to about 40 carbon atoms.

The term “silver protection” as used herein refers to the ability of the

lubricating oil composition of the present invention to protect silver and silver-
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| oconotives, marine tugboats, and stationary power
applications. 15 The term "overbased"” as used herein
refers to alkaline earth netal alkyl phenates, alkyl
salicylates and al kyl sulfonates in which the ratio of
the. nunber of equivalents of an al kaline earth netal
dlatedsearingsen adbcemoiiveatienekengine crankepgROE Wsi arpfils

U St Pt R EBER T L FpReb b Rty

: i (iTBNjeligved tret th
FRLLBISCS ot Py ar ooty e (3l gres e v

alkWamine araikenyhenine aalk of th@rfﬁree\lﬂégéthia|ph9wé(§f§qe%§¢ t&?‘@éhe

R o AL P L 08 AT S g e

gfiﬁé@pﬁsﬁi?? oakli@breﬁbanmeaﬁomtwbr wabi psdtectEs afitte silver
yl "~ sulfonates having a TBN greater . than 200 2

ane stvarrplated hearinos ha dpemeive %@S"a@é‘@'ﬁ?e?"é’i“ﬁc?seef ng%ge
to ¢C ] formula below ROW S R 1. 0
Preéﬁ%g%ﬁ@?éﬁb%@é“ '&%Lerggﬁtsr\,, are i ndependently :
hydrogen, or al kyl having from about 3 carbon atons

tﬁ%?bou?-&ﬁ% géé%bg@g?c&eg’?ﬁéﬁ ‘}]T%%r?\g’]:r%fgéﬁ H%rllie]agr'\ g is‘fs. t{o ;h%famount

. bhBasd shtivaRht tomilidranengfasDHiinonefgrameofsassplat Thus, higher

i nvention to protect silv d sil -16 5 pl
BB negberseRorUBe b Bk GPeRRr s Ry Tae e R ALY om

é@%ﬂﬁ‘iﬂﬁm ul  effects of overbased detergents used in

bricating oil for detergency and deposit
control. Wthout being bound by any theory, it is
beléevsttietiat spheified) dyperaantagesarairkeright Rereatsal t
of the di- Ialkkyl I di t hi ophosphoric acid and the al kyl
am ne or al keny ] cid
phosphate in th i (5]'9' é‘ﬁﬁoﬂi tion of the
present invention confer wear protection of the silver
¥hShatpaisBbadred thawrdiiveand silverlplateditcaviagsliresrankcases of

_engine crankcase in the presence of overbased

treosnafiviet diesatirnginasnéanTe Broteled agaist weay Cauiseq by e
over ag%rdedeq‘alrg%g’fsr ﬁséoointc!b%vgﬂﬁdﬂgl diesel lubricating oils by the
addition of a mixture of (i) a hydrocarbylamine salt of a di-afky! di-

thiophosphoric acid and (i) a hydrocarbylamine sait of an alkyl acid

phosphate.

The lubricating oil composition of the p‘resent invention comprises (A) a major
amount of an oil of lubricating viscosity, (B) a silver wear protection additive
composition comprising a mixture of (i) a hydrocarbylamine salt of a di-alkyt
di-thiophosphoric acid and (i) a hydrocarbylamine sait of an alkyl acid |
phosphate and (C) one or more detergents. Optionally the silver wear
protection additive composition may contain one or more dispersants. The
lubricating oil composition of the present invention may be prepared by simple
blending or mixing of the compounds described in more detail below. These

compounds may also be preblended as a concentrate or package with various
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of base equivalent to mlligrans of KOH in one gram of
sanpl e. Thus, higher 15 TBN nunbers reflect nore

al kal i ne products, and therefore a greater alkalinity.
Unl ess ot herwi se specified, all percent ages are in

wei ght . percent . LUBRI CAT]
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¢ c@@a@wm&é@ rre dhe Bydregenadigntliowicsoliggmerstof

protected agai nst wear caused by the overbased

~detergents used in_conventional diesel |ubricating

&il of Inybricating ddsiasitun of a mixture of (i) a
hydr ocar byl am ne salt of a di-alkyl di- thiophosphoric

%?;’I gf Iﬁgﬁgét'ir@sw%%wﬁu@‘:@é@ oifgs UE ﬂlaFe:Hfrei%Ps & Iﬁp}icﬁmgdoils

rrcating OI mposition o

- vtsIe pday iy atitiéranoitoomsyinstestio s af Intm]lcatlnganmmﬁﬁy afidan

refesealy SRebR INARENEBE AN DIFES TSP ur e
gfrafwh A é’fﬁ?g’ Q}Q | Cf?é\} was%ogity 8f Kydut 1300

osp oric ac dr'ocar byl am ne-:
Smhtlsmkearat al k§1C &z P27 qﬂn‘dﬂﬁﬂk&ﬁ@t 85(9 @C)Thﬁn beicating eils may

e R R 1S S NP P85 8 e

QillsiﬁQﬁ%%@ntloﬁhﬁcluﬂé@bé%ﬁmé‘Qnéithhé?ﬁHEﬁ&'dth@rfbll@fthéf@re

present invention may be prepared by sinple bl ending
ardimaxilyngsasf intlhlricatimpiiregsn presitionsh sty nithetipeis neludel

%ﬁgc\évqﬂrggﬁ §$g§he§§1§§§§§8 W“F%e@g%%&e&% Pff% %E?Hﬁ%tlé%yﬁrocarbon

Qﬁl@' |hd:M6§ ligBidaiuNraerd aitptifblefins tavingtthkbigraper Wsarsityng
a lubricating oil conposition containi n%@t he

dPicariniy
SRR 75 1ot iR BRI BR3] henecffos o istosiy

ndueerad didbbsc d)dlbeﬁzmmfmayc beiused ofUdenihjrsyaﬁtetn@sters include the
viscosity and 10 preferably usefu] in the crankcas

Astemeindh mabtAPPEicainand peysaRotc pY ?’l""@é’i"‘iﬁhm
bl VLY g ¥ bol B TRt ol adate

Tienthemhiitobtctmgapbate, died-ethylhexyl adipate, di-laurylsebacate and the

fike. Complex esters prepared from mixtures of mono- and di-carboxylic acid

- and mono- and di-hydroxy alkanols can also be used. Blends of hydrocarbon

oils and synthetic oils may also be used. For example, blends of 10 weight'
percent to 25 weight percent hydrogenated 1-decene trimer with 75 weight
percent fo 90 weight percent 683 centistokes at 37.8°C mineral oil gives an
excellent oil base. Fischer-Tropsch derived base oils may also be employed

in the lubricating oil composition of the present invention.

The Hydrocarbyl Amine Salt of Di-alkyl diFthiophosphoric Acid and
The Hydrocarbyl Amine Salt of Alkyl Acid Phosphate

Typically the desired concentration of the hydrocarbylamine salt of the di-alkyl
di-thiophosphoric acid and the hydrocarbylamine sait of the alkyl acid
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be derived fromsynthetic or natural sources. M neral
oil for use as the base oil in this invention

i ncludes paraffinic, naphthenic and other oils that
are 15 ordinarily used in lubricating oi
conp03|t|ons Synthetic oils include hydrocarhbon

| pymmmte in thiel labacading)oit deenpasiten ef’ehe esdntlinggmionedredn the

ok aiatn keth ddr isoRESey Pt GHRel ST gioM pepesnt kppgd on
Hx%%t&l vﬂ{@httdﬁhé‘wri%ﬁﬁﬁ@bﬂ%m it it FRIsene fnvebitibe.

2 al pha= ol efins such ecene triner. Simlarly,

| Erefyrahbseﬂwemtromrbplr@pme s;aﬁs@fdbatdyalkxbd!stbm%phonc acid

S5 RSP BB SRy g B oo

ﬂ@hﬂéb@;ﬂ@.@@\i g?lﬂrd@%ﬁtlt@ a@ouﬂs Oaseight ﬂJeraent based on the total
nmono- hydr ox kanol s and yol s. Typi cal exarrplg{pét
0

_ gereteipricating,el eompseﬁpaefmﬁ PESENt iBYea
PR SRR el SRR AAERpSS: cca ana

Whﬁhmcaﬁdybamine:satmfdhéfa[m cicitbpitesphate die- lhytje oayge of from

BHECLG A HEONowDPal trpoat 46 BEIL eaTooRy Pags A he ol °

hygq}g%fﬂe ﬂ.@’n (@gén cbff Bgﬁbnto?tl?ée%'eﬁf‘hv@ﬁf&?m

genat € ene t |rrer with 75 weight percent
to 90 wei ght percent 683 centistokes at 37.8C m neral

Thb. Sy Bgam%f@sgél Lo glodlggeger rﬁm]lgsﬁ%% 26RChd the salt

~ bfitid siRyliauid phd)smmmm tgeoin thé sﬂm \@emsamtecltlnn eaddltme

gg&mﬁgtéﬁﬁgéﬁée peshed B sk haiod e desiredamixietpe o
Xﬁé#%li E{Jﬁ%’ ﬁhgméﬁt]acﬁﬂ tﬁépdl 'a'c)ﬁ pRssphasd, ra‘h@ then preparing

ntr droca y am ne salt of
dine hydrpkarbylamine salies rﬂh@ mnctuw,mi (2pby meking the

XS LN TR [N W S—

Rh8 e bIK gﬁé&u %o@%reatbraﬁcmen [rARBR) Bk tho @alta ke bbtdn G
wei ght percCent to about 0 wei ght "percent based on

desiredraiioswafiegieh. of the | ubricating oil conposition of
the present invention. Preferably the hydrocarbyl

am ne salt of the di-al kyl?tdi- t hi ophosphoric acid and
(e HiydroosrybiinirnSat of alial idbhosphat e
are in the range of 10 from about 0.5 wei ght percent

e A carbytaliind Shit BFIHEE 2l HithiBPhdbhotid'ald is the alky!

amine or alkenyl amine salt of a compound having the formula:

RO\
/ \

RO

wherein R and Ry are independently finear chain or branched chain
alkyl groups having from about 3 carbon atoms to about 40 carbon

atoms. Preferably R and Ry are linear chain alkyl groups.
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‘wei ght of the lubricating oil conposition of the

present invention. Mst preferably the hydrocar byl

am ne salt of the di-al kyl di-thiophosphoric acid and
t he hydrocarbyl ami ne salt of the alkyl acid phosphate
are in the range of from about 0.1 weight percent to
ﬂ)aamplds of diedligyltdi-tieiopeosphusisetidnsaditormoaking 18 wei ght

RSB EEAAcBu SoTRASH S T BSo R gppor

Heid, @'l-ﬁ@ﬁﬂ?rﬂﬂﬁfgéh dicth@prbdphdie 884 {di- l@{ﬁodtﬁ&ayﬁir&gén dri d

phosphate Or use in the silver wear protection

hiaprosphoricaaib litprepyl hagragengtidhiapbeaspiipricigcid, didiutyl

- WReiRRaaiouRRR e bR Rz e hlitioen di

mdph@@hc@k% l F?%féﬂeti hﬁ-tmaﬂﬁmw& lagfdsraresditHexgl hyd’regen

m xture, or (2) maki ng the hydrocarhbyl amn

i fripBiaapROE Asih -G RECE0PBIGHOBROTTRSBIRSAG ADR Kby
cl Qtlc}g.'é it

tz?ﬁ!dﬂ%% ﬁioghggp@%&g%%at h@o esl rgéé)erig@? cﬁ?ﬁiogh §}tbric

Hoel Mfmmeﬂymg Ard hgdrBabtbylzmibe salt iy the present invention is di- _

di -t hi ophosphor.i.c id 25 The hydrocar byl am ne salt of
thex ?'g ‘W@"d—“{‘ ﬂt“ﬁ‘AE PR ATE acid is the al kyl

am ne or al kenyl am ne salt of a corrpound haV| ng the
fornul a: R10 wherei n R and

.Trlwelwﬁ@%afbvmmﬁ éQFS @ﬁth%dlcﬁlk% ﬂaﬂum%@r'ﬁ aczﬂwﬁ

o A R POl AP SRRl R8Ey hitRRatl e or

dbiialy derupanby’c é@\ir&,[ﬁrmtwss tiferelof: dPriefdrably the hydrocarbyl
di-thio hgric acid, used ki ng .t he .
iAot MATEiaterany 31 ARRIALE grayp s an alkyl

- g?@u;ﬂlaggﬂgﬁukédgir GRS PR6s Jﬁeféﬁb@ théh a@%kbwwlﬁg%@n

Fc acid, di-isoocCtyl yro gen “di -

tatkenyhgepiporli & melferredjtha@ theplpydraganbytgenine salt of the di-aikyl di-

Ahiop i SEEEAS FBadfh St sl insph e is ABPnarming satty

%ér@in"cﬁ@%@ﬁ@fé 51k§Pgr%upFFra%ffﬂirh ebodt 8 tarsFhapRitd sbout 40
acids are di-hexyl dr ogen

carbon atoms. The hydrocarbylamme can be a mixture of amines. Typical
aliphatic alkyl amines include pentadecylamine, octadecylamine, cetylamine,

and the like. Most preferred is oleyl amine.

The procedure for making the di-alkyl di-thiophosphoric acids and their alkyi

amine or alkenyl amine salts is well known in the art.

The di-alkyl dithiophosphoric acid used to make the alkyl amine or atkenyl
amine salt for use in the lubricating oil composition of the present invention is

essentially free of mono-thiophosphate.
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di -t hi ophosphoric acid, di-butyl hydrogen

~di -t hi ophosphoric acid and di-n-hexyl hydrogen |

di -t hi ophosphoric acid. Mst preferred di-al kyl

di -t hi ophosphoric -acid used for making the

hydr ocar byl am ne salt in the present invention is di-
Heeydrobgrhyb Aering Salttdf did SyibPhospluitd. 15 The

hydrocarbyl am ne salts of the di-alkyl"

di -t hi ophosphoric acids are prepared using primary
h—}sdj‘rombw:hramerwit sfeauioth ghospiate laeameumeimnnef&rs to mixtures of

hydr b
il Honp HESgRPORSRIAIE angrothePlORHi-afpREh phoshates.
O 4R cdﬁ%&;rHSQfaneQ%Bfoﬁﬁﬂa§bbW“ c group is an alkyl

-group or ‘an al kenyl group. Mst preferably the

hydr ocar byl group is an-20 al kenyl group. It is
preferred that the hydrogasbyl ayqone salt of the
di -al kyl di- thiophosphoric d and the al kyl acid

. phosphate is a nono-am ne s/a*t\v\herei n the aliphatic

al kyl group has from abogt,8 carBbh atons to about 40
carbon atonms. The hydrocar%ylanine can be a m xture of
am nes. Typical aliphatic al kyl am nes include
pent adecyl am ne, octadecyl am ne, cetylam ne, 25 and
like. Most preferred is oleyl am ne. The procedure
for meking the di-alkyl di-thiophosphoric acids and
their alkyl amne or algg{yl amyne salts is well
known in the art. The di ‘kyl/ﬁlthlophosphorlc acid
used to make the al kyl an1q/fok\alkenyl am ne salt
for use in the Iubricat|3§ composition of the
present invention is 30 gentlally free of
nono- thiophosphate The Fwdrocarbyl Am ne Salt of

Al kyl Acid Phos Hydr ocar a e salt . of Cld
phospﬁra*a%"eas oG R iekprbeaiiadiabeitpr Banched
hy SHaifTaIkgy %m BB edrBoR Mo A9 BBl ko carbon
rogen osph tes ese conmpounds have the

f or rrul atemisel R’m’ferml@ Ro, Rs@ndFB.Qake I@ﬂ;at@:han'dallmro@ps
RAQ \ COH

Examples of alkyl acid phosphates that may be employed to make the
hydrocarbyi amine salt of the present invention are propyl di-hydrogen
phosphates, di-propyl hydrogen phosphates, butyl di-hydrogen phosphates,
di-butyl hydrogen phosphates, pentyl di-hydrogen phosphates, di-pentyl
hydrogen phosphates hexyl di-hydrogen phosphates, di-hexyl hydrogen
phosphates, heptyl di-hydrogen phosphates, di-heptyl hydrogen phosphates,
octyl di-hydrogen phosphates, di-octyl hydrogen phosphates, decyl di-
hydrogen phosphate, di-decyl hydrogen phosphate and the like. Preferred is
a mixture of di-butyt hydrogen phosphate and butyl di-hydrogen phosphate.
More preferred is butyl di-hydrogen phosphate. '

The hydrocarbylamine salts of the alkyl acid phosphates are prepared using
primary hydrocarbylamine, secondary hydrocarbylamine or tertiary
hydrocarbyl amine, or mixtures thereof. Preferably the hydrocarbyl group is
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wherein R2, R3 and R4 are independently |inear chain

or branched chain alkyl having fromabout 3 carbon
atons to about 40 carbon atons. Preferably R2, R3 and
R4 are |inear chain al kyl groups. 15 Exanpl es of al kyl

aci d phosphates that may be enpl oyed to nmake the
lapcalipbatibgroupyi Merespieferablyt the alipbatmeorqupis an Akl graup or an

.ﬁhﬁ%lﬂ‘i"é‘g %g%%reﬂ?rﬁﬂyglﬁ)%ggﬁtsocgg@pﬁkﬁ@y}s a’?%ﬂk%ﬁ?%mup, It

: fwsfe@g%ld E’ﬂﬁ%tﬁ’é‘ﬁy@@caﬂﬁmmlneohaﬁh)fdhe@ealkphmstpmhesphonc

@Eem {r@m%?&{ S%&?ﬁaﬁ@%&%ﬁ%%ﬁ{%ﬂ eﬁrég]@phphatlc

%&ﬁﬁﬁ%ﬁﬁ%dﬁggeﬁm{%osﬁg% ﬁﬂﬁ?“%@%‘g‘l‘p‘ﬁ};g’?@ggn kE%he

iydeguzaibdsmirdecatt be la-mb@ud'ea]g‘mnmplaes Eb'lyaice[ algihatieayhines

hydr ogen hosphate he |ike. Pr rred &

inelude eee &pyam'rw fesylamingo e ”%n%ﬂiﬁte;) e. Most
ate. Mre preferred is butyl

gil-hy ogen pﬁ l\at e. 25 The hydrocarbyl ami ne salts
of the al kyl aci d phosphat es are prepared using

e&é(r%ffBﬁ ﬁ{c?*Rleggt;ﬁgtﬁaauﬁﬁﬂ? ﬂﬁaﬁﬁ’oébmhe %\%rci%yérﬁﬁﬂh@ﬁ- alkyt

|ary m xtures thereof

%frmﬁercakdllgerlyhanﬁ‘r}ejsajmmyéll ‘Ig‘iccwrpln the-ttl 5 an al i phat| c
group. More preferably the aliphatic group is an al kyl
group or an al kenyl group. Most preferably the

hydrocarbyl group is an aDegsrgenggroup. It is
preferred that the hydrocarbylam ne salt of the
di -al kyl di-thi ophosphoric acid and the alkyl acid

njétéaim@atéu@emnebmam@ @iﬁid navtetiee @ctd‘l@xnd:hmmh]altdducts
al k group has from about car bon atons to%out 40
@éﬁcgcﬂ‘ﬁ suligiis acichia the ma%@m@f%ﬁﬁa te gANR aengsiur e

gﬁ%t?%éeﬁsc‘ PngYJPinCtﬂLz sl dﬁh@%r‘ ro?éﬁtfbﬁsad iR (':tﬁﬁpos%on of the

fmne, oOcCta ne, cet am ne

| prisgentNbedntioprabe beenéult@l ,@rdoy, amdnen oirheg!mmbmeé
for making the_ di-al kyl di-thiophosphoric aci \%g ar&d
tdeéerrgeatekwa e theresf« et delirarnts Mayshe suliiijzed and/or

e LR R b ot v
to the high overbased detergents is in the range of about 70:30 weight
percent to about 30:70 weight percent based on the total weight of the
detergents in the silver wear protection additive composition of the present
invention. Preferably the ratio of the low and medium overbased detergents
to the high overbased detergents is in the range of about 60:40 weight
percent to about 40:60 weight percent based on the total weight of the
detergents in the silver wear protection additive composition. More preferably

the ratio of the low and medium overbased detergents to the high overbased

- detergents is about 50:50 weight percent based on the total weight of the

detergents in the silver wear protection additive composition.

The ratio of the silver wear protection additive composition to the detergents

employed in the lubricating oil composition of the present invention are
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such as sulfuric acid in the case of diesel fuel and
to control deposits. Detergents useful in the silver
wear protection additive conmposition of the present
i nvention may be neutral, or |low, nediumor high

over based 20 detergents, or a mxture thereof. The
dneemrgelmttse reg el feuh Bibol@81:49uweight perceohia atput 5:10

] t.h t f.th di
SR e SRl oot DR B0 BTGB B BB o
rtﬁé‘ %?eﬁnt ahentiod OPe&feydig e ralRy &iané sﬂ@ar&tﬁé&ﬂpr&fbo’t’@n
i ght percent based on the total weight of th

e
ceetd@trveetmrep@emtiqrh@ theldeterorets inghe {wwicabng gd gompasition of the -

AREEA TR ark MR T e, o by TR 2oy BTl
tperedre tbiahbub¥a0hesight detcenpemesi ors thentotd evelglmlg@‘ thé
about 60:40 wei ght percent to about 40Q:60 we

pabrieatingpilseamrAsiianot e dresitdavention; Ofedé"@&?faémtée ratio
I

0405y B S50 RSP 50 RS o

du@rt‘ds&&gcbmt&ﬁﬁﬁcmtmsot tbetmeaemtghvmertﬁreemeseﬁ in the range of

Eva Bat G TN @S PRrig ehd 110 MRibl A et s B the
gtf)fé\q/ gfrét HRSF R fubtikst Hﬁ’@éhﬂﬁob@ft‘ionm%é ﬁﬁés@npfnvbhﬁon

ar protection additive conposition to
detergents enployed in the lubricating oil"
G AL Ml ObdiBaREE ALK fgn are -22 5 present
wei ght percent to
about 5:10 wei ght percent based on the total wei ght of
t il
| el 5T A A OARAPbYerBEsE) metd URBEEAY, are tow or
IOmQI:l @et bwdrbasedist if(vmc (aohisosaltoybn at;mlst tarboryler grds sori phenols

f%ﬁg'ﬁgﬁfgh%SB'@&%%@@WOHES%H@' gﬂ@l@ glgehy(geﬁeg%@(mnes These

Qidler a;ﬂe é/\ﬁﬁg éﬁé&( R&L 5& %Elfﬁ e"t‘lbOFHes% &&e?ﬁn@ﬁta@%éﬁ%h

baseé wel ght the ['ubric ng orl
qnmsetergmtefortetﬂahpemmmetateletergmtsl\/tﬂrefqmablﬁféhejotal;e

t f th tect addi t
Al aattn et desSiget s e piorS praeony TS Setdalgun |
fc%f@fﬁﬁnté Oﬁ?@frpt\h&c PEess %réter EH@H& lgPehtaF Bl £8RATeddthat 200.

ange o rom about wei ght percent to
diore prefaablyethg hteter@enm@tjaeéunbnverbesq@ Sutﬂurazed/@kyht

péﬂpté%?equu re'rgi%tthegneta‘ isan Bikal r%e &t metléllearpc{ fie e&kyl group has

from about 6 carbon atoms to about 30 carbon atoms. These detergents are

well known in the art and are commercially available.

Hidh Qverbased Detergents

Various types of overbased materials may be used, such as sulfurized and/or
carbonated phenates, salicylates and sulfonates, which are readiiy available.
The high overbased detergents are salts of alkaline earth metals, preferably
calcium. The TBN of these detergents is greater than 200. More preferably
the high overbased detergent is an overbased sulfurized, carbonated alkyl
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Low and Medi um Over based Metal Detergents Exanpl es of
the | ow and nedi um over based netal detergents are | ow
or medi um over based sul fonic acids, salicylic acids,
carboxylic acids, or phenols or Mannich condensation

. products of phenol s, al deh%des and am nes. These 20

d)éleeﬂﬁmf@rﬂtﬂyhgrmetgwsm alkaling garth medal anﬁq@eea!kyi group has

SR TR DD RSP R Fofe RS e

gaadily arfilablcdesrangeditidy.and nore preferabl y they are
calcium detergents. The TBN of these detergents is

greater than 1 and less that 200. More preferably the
detergents are medi um ovghbasgaditiges f uri zed al kyl 25

phenates, wherein the netal 1s an al kaline earth netal
and the al kyl group has from about 6 carbon atons to

aﬁwmbﬁQatﬁﬁg @Peombegﬁon Dhesepidstaf ipeshtorfirRly 2460 typucany
known in the art and are conmercially avail abl e. ﬂ(id
yi al-

Gmtaiaslecadye&cm gdhe ik amioe of gisesyidmngesaibeidhe di-a

TE B 3R s B o A A B e By i

tosphatd dhthe\présahlivventibe, dihghadditivbaaedd telrepgedesirable
are salts of alkaline earth netals, preferably

qpeeties toiie Mbrcating absemgesiipgohthe pgesg.némveﬂh%aﬁhus
A0 sy RS0 LR bt S5 I AR e AaRES: g A disans

vééadtion inhibitort, abrrosioarniaibiersi amel \ﬂmdshttynndebk lmqmdvetseto
al kyl group ha fromabout 6 ¢ rbon atons to about 30
J5PHIGH ieenglt ym JemPeTatE: readily avail able
commercially. Oher Addit | ves The I ubr i cati ng oi |
conp03|t|on of the, resent invention may

 thgyikast pyerallgesyiy tﬁrms AT atfefidingiie; Rfopﬁgleﬁl ired {9 Re

ocgorﬁrbﬁﬁ&é/ I Itﬂfﬁ&?tn@?:lt oﬁqc#lﬁ)r\% ?'lgé’emg’uve di s%e}wine

phoSphori ¢ acrPd and anine or a
atrankecasa! lubidatingeoif ke lubsicating plh osmplairtsea obripaébler aserbination

e re e bt eBERL R g o
%@Iﬁﬁé‘ﬁhé Qf!’(?f‘él‘n% or@?ér% 3H?ﬁ’e k4R b ﬂﬁ%ﬂlnzﬂkﬁ i di-tRBBhosphoric

contal n one” or I'tives, suc
dacigand dimt sikyl amlne or atkenyl amine salt of the alkyl acid phosphate of

- the present invention and a sufficient amount of detergents fo provide the

~ desired neutralization capacity.

Dispersants

The lubricating oil composition of the present invention optionally contains
ashless dispersants. Typically, the ashless dispersants are nitrogen-
conteining dispersants formed by reacting alkenyl succinic anhydride with an
amine. Ekamples of such dispersants are alkenyl succinimides and

succinamides. These dispersants can be further modified by reaction with, for

- example, boron or ethylene carbonate. Ester-based ashless dispersants

derived from long chain hydrocarbon-substituted carboxylic acids and hydroxy

compounds may also be employed Preferred ashless dispersants are those
' -~ 24 -
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15 oxi dation inhibitors, corrosion inhibitors and
viscosity index inprovers to regulate viscosity
changes due to tenperature. For best overall results
in terns of affording the properties desired in a

conventional |ubricating oil conposition for a
|dssiyedtiiane polisadiutemd sHecinicraityesde. These dignefspris are

the |l ubri i il contains a conpatible conbination
FEYNE Cd%lry?ﬁs\(@%b%f each of the above cl asses of

additives in effective amounts as well as the al kyl
i.ne.or al.kenyl amne salt of the di-alkyl
Xiggil ’ePic acid and the al kyl am ne or al kenyl
am ne salt of the alkyl acid phosphate of the present

i nventi.on, and a suffi.cient anmpunt. of . det .

AEP iR e B hg BB 101 ipiog & fiepdsfton
DhreBesSA that db&ur idirafRir MBriekiing ONPSS tdyaayeobr dXidize in the
present invention optionally contains ashless

direpeneant air. Thpse akidgtion pEoceskEs saAYIGaser foanation pegums,

i.trogen- [ ning. di. ts f. i
TrRBRTE Hrsb R Rl Tt PR ety e ]
siagdingiespgLsantl antioRidankea hisderddpinerids, sdikdated and non-
succi nam des. These di spersants can be further

rliyletestaneynaticanings. alkylor angrphasphatase esisss ghthipdicarboxylic
Q. - ; di t
s e B B O D i tirea

carboxylic acids and hydroxy conpounds may al so be
| Ioi dI dBk [4efs ashl ess di spersants are those -24

sobut enyl succini ¢ anhydri de.
These di spersants are conmmercially avail abl e.

I dat.ion Inhibitors Anti:ox] . . ' . .
VisPrbe PrgRinpio Bis aegds Bl Blelal it Eab s viscostty
PEEIRESAfd dathe @haHGe MtamiBéraluren Somhs corimargially lavaiable
they 'age or oxidize in the 10 presence of air. These

osxataples of yissesibsivgderiypiuess are pielnicoROME Eingolybutene,
B VISP SR Rl ooy SppSiers.

~anti-oxidants are hindered phenols, alkylated and non-

kyl at ed tic am nes, alkyl or aryl phosphates,
@M&l—‘g}gﬁ carboxylic

Corrosion inhibitors are included in [ubricating oils to protect vulnerable metal
surfaces. Such corrosion inhibitors are generally used in very small amounts
in the range of from about 0.02 weight percent to about 1.0 weight percent.
The corrosion inhibitor should not be one that is itself corrosive to silver and
silver-plated bearings, such as, metal di-thiophosphates. Examples of
corrosion inhibitors that may be used are derivatives of 2,5-dimercapto-1,3,5-

thiadiazole, including 2,5-di-t-nonyldithio-1,3,5-thiadiazole.

In addition to the materials already described, lubricating oil composition of
the present invention may also include other additives, such as pour point

depressants and anti-foaming agents. The various additive materials or

" classes of materials herein described are well known materials and can be
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acids, salts of carbam c or di-thiophosphoric acids.

15 Viscosity Index Inprovers Viscosity index inprovers

are added to lubricating oil to regulate viscosity.

changes due to the change in tenperature. Sone

commerci ally ‘avai |l abl e exanpl es of viscosity index

mquy\mnshmeei @irefiercialbypol grepasd Py kyoun erecedures or obvious

RO hagﬁgla es, vinylpyrrolidone and nethacryl ate
‘ﬁﬁ %5"-Ccorrosion inhibitors Corrosion

|nh|b|tors are included in lubricating oils to protect

A1e hehde A fae PHDERs saltdl P RMRILARARREOHE G anc
%f h)fdr@di@ rB?@Hﬁlné) s8R onah @Myl BEIGsHYsphatedaploydd Giswe B@\hir wear
percent. “The corrosion inhibitor should not be one

phetectien pdditve inctherpeport inventianaay alp beused for protection of

shlve ri

S kR M rffodbont of e ment
iaintioBYs Q%[IU@IeﬂlrﬁEfC% stetactiahicoasmpasition comprising:

2, 5- dinercapto ,3,5- thiadiazole, including

2, 5-di -t th 3,5-th | di tion t
24 kit et B oSSt APt

Conpaé.dgéﬁ ;;35 hgdrt?caﬁmaﬁme 55V 8Phh Alky ep?lh%% phae. ude

ot her such as pour poi nt essants and
anti-foam ng agents. The various additive materials or
¢h Hus sitverfsurfate picibstidreeainpositier thaedioafdi)ilee¢ | known

BRieeth Ay A pEe i) SRfioah BPbBLaaR Lo e

%Hfd&éﬁibygﬁﬁﬂié L8061 98 JIRgRRf phdsphate il thesilobr surface
hydr ocarbyl am ne salt of a di-al kyl di-thiophosphoric

@@@t@ctaw CO@JDI@?@E’O daitbieaange of abeuic0:30 molryererntdo about

DR IEA pEREE R o o herd oS 1o P BB R S amipe st of

ﬂﬁ@HEQH(ypdi—tﬁfophégpﬁcbﬁolﬁéld%lmldfthé%$kyl bidepteizpbiate. cralloire/ a
further enbodi ment of the present invention is

girefeeably the eatie ¢irlbttediii .50&%@&} persanthagad an H@e tofal moles

:;Bff@%;,g ﬁ) (i) a hydrocarbylam ne salt of a di-alkyl
=tni 6 osphoric acid and (ii) a hydrocarbyl am ne

salt of an al kyl acid phosphate. In the silver surface
et siver sorfacepadédtioprncdrhpositian of e [rejenttisvention may further

comprise an organic solvent. When employed, preferably the organic solvent
is selected from an alkanol, & halogenated hydrocarbon, an alkyl ether or an
alkyl ketone. The alkanol may be a mono-alkanol or a di-alkanol. The alkyl
ether may be a mono-alkyl ether or a di-alkyl ether. Examples of suitable
organic solvents are ethanol, dioxane, 1,1,1-trichloroethane and carbon

tetrachloride.

Also contemplated is replacing the organic solvent in the above embodiment

with a hydrocarbon, such as petroleum jelly or paraffin oil.
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s@waaorbeﬁvﬂ Dd p&@@@era{ MetRes,dase ABPSe diskh ar® mee '69@

15 hydrocar byl am ne ‘salt of the di-alkyl" :

di -t hi ophosphoric acid to (ii) the hydrocarbylam ne
salt- of the al kyl acid phosphate in the silver surface
protection conposition is i'n the range of about 80: 20
nol e percent to about 20:80 nole percent based on the
total noles of the hydrocarbylam ne salts of the

di -al kyl di-thiophosphoric acid and the alkyl acid
" phosphate. Mrre 20 preferably the ratio of (i) to (ii)

is 50:50 nol e percent basE¥AMPLEEe total noles of (i)
and (ii). The silver surface protection conposition of
the present invention nay further conprise an organic
sol vent. Wen enpl oyed, plekergddlly t he organi ¢ sol vent
is selected froman alkanol a hal ogenat ed

aIkyI ether nay be a nDno aIkyI.ether or a di- al kyl

oo e Bl Tl Mitar ATtk Bortl g used o

L RAtEAGIREARS 9Bt v@a?%lﬁoﬁb%ﬂpél harhdisridtien |0§‘ﬂhé‘ Ejbfnbﬁtlng oil

organi ¢ solvent i1n the above enbodi nent
maﬂnmmmdnbaompuelhg de pé\l&rodlwrﬁqceti\llewqmp%hw ﬁf trmeownesent

JBUTIE & by et moieep LBl R SR Hipdfnfbchine.
Mesthprigsy 8 1. cemlimltafeRimanyd ANSIBI 100 gTrgaé,st@eibﬁﬂqﬂaced in

test, was used to 10 determ ne the anti-we

fthpassembly wih threed).64 ceatimsterdirmeigs Py Cab9 ﬁylllmaters thick

OBk} R SHA EPRARS oIS A bt e siver o

RSt Beatifg @r I’Gmﬂoéd diisebangihe Hmﬁad;tareddfbﬁﬁlléctmdm\me

nprisin 27 centi neter dianeter ANS| grrla?r?geuiar

it dPes Lége‘?\{'fﬂ E(Sntgrhl rﬂg/ﬁl% & él‘n tSrb% t%@’téif‘fo}ﬁs silver anti-

ver di's I'den to that enpl oyed
[ \me:mi ad frg:tlohatt[krepertie\serﬂm steel hiESllGBlpObiéiaan @bowve and in

rallroad dj es ne nyf acture El ectr ti.ve
rsatast dﬁ’fﬂt teryirest S GIe. 1B Earying ot in Hrage, BBl 16 ogated
! 1eR86fe/ §hdcified and b
c"g?] al n| '%Sts%a %ggwsgghﬁpﬁ'?éé Eglsgg altt gs@%d for iQét) sCI éel \a/gr y
ameans of a swtable weight applied to a lever-arm. The rotation of the steel
ball on the silver disks proceeds for a period of 30 minutes at 300 revolutions

per minute under 23 kilogram running load at 260°C.

The test results are determined by using a low power microscope to examine
ahd measure the scars on the disks, and a strain gauge measures the
coefficient of friction. A wear scar diameter of 2.2 millimeters or less usually
indicates adequate silver wear protection. A low coefficient of friction is also

required.

Lubricating oil composition formulations were prepared as described in Table |
below for evaluating the silver wear protection additive composition of the
present invention using the Modified Silver Wear and Friction Test.
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~wear and frictional properties. The steel ball is

posi ti oned above and in 20 contact with the three
silver disks. In carrying out the tests, the ball is

rotated while it is pressed against the three disks

at the pressure specified and by neans of a suitable
WermhtatiapplA-Edantained eveediamcalTive pverbased sgifutizasd alkyl
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 kibhegiam » dariditalopRiadd a2i§iCcalhinT beetbestdsaffulited, ar e

determ ned by using a | ow ﬁ_ovver m croscope to %arn',n
satbanesed alkyt peeratahavil 2 ABNIPERProdmAtely430s) e@%mée«e

AR fitfigr5aTla (B ihg; FolLbPRond AT ¥iss EBftained an

@A idisprbast; awdstosity didestiimpovek dnova éxserfifinkdbigort  Redse oil
friction is al so reauired. 0 ubg{;catin%oil N of
derpesad fogRakening AP prscant ok eprte ghFeEmdlatigRs frFnd e 1PN ©
1S IdinfuaRiisila AbpRYGHHRIY 18, FBADSIAKEAS AEe more fully
idesenbedim Tsbied befimvMdi fied Silver Wear and Friction

- Test. -27 5 Fornul ations A-E contained a nedi um

cal ci um overbased sul furized al kyl phenate having a .
TNt Fbrapiations BaDelereldrépardaeryeaddititve ofbleyl agrireugi-n-hexyl di-

SR Boasir oS o e el B B GEE e

%Q%%%E%ﬂ&ct%ﬁoﬁgo% gt%rlﬂgéé'lﬁon 8 {hl\él prLBHPINGERficH BEfiree

f
on” at ons. ns A-E also contained an 10
aliffibreas cohapdratians., The siler ogarprotedtion adgitive eompasiten

f oam.i nhi bj.t or,. se oi WaSs ed,.t o, maker 1 : .
SGINROLED etk ol Ao salt Gt iR HitRgBndgiheric acid
fdH strhga%f\«aé ofIP BANHETBAIELY DY adigpPRekphaiewadufed to
are nore fully described in Table | below Test
Ruepaledtoromdatoms Rdd.e Gomparative prangtationdn centained,enly oleyl

am ne di-n-hexyl di;:. 15 thi osphoric acid and ol eyl

ARE S&ht[(i}ld?’gée{%f(ygmi%%o@pg%‘oyed in the silver wear

protection additive conposition of the present

i pventi gn three i fferent concentrations. T.
Soapas T osRiaEn Asic et SR REELR e df e oloy

Ocrﬁﬂﬁq@' S drOn&B) 8- HiopH pAbAY acrmmetRbleydmine salt of butyl
I -n-hexyl di-thi'ophosphoric acid - e

acid phosphate employed in silver wear protection additive composition of the
present invention or the oleyl amine salt of di-n-hexyl di-thiophosphoric acid

alone. The data obtained for Formulation A was used as the baseline.
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and 1.15 nole of the oleyl amine salt of butyl acid
phosphate was used to 20 prepare Fornul ati ons B-D.
Conparative Formul ation E contained only ol eyl amne
salt of di-n-hexyl di-thiophosphate. Conparative
Formul ati on A did not contain either the m xture of

5 the oleyl amne salt of dilabléhexyl di-thi ophosphoric
acid and the oleyl amne salt of butyl acid phosphate
enpl oyed in silver wear protection addi tive

conposijtion of the 25 prese@_—g tion or the ol eyl

am ne salt of di-n-hexyl di “th |op osphoric acid

al one. {The data obt ai ned forWeihilati on A was used as
Compg,mtpa\el ine. -ztﬁ b raple T I—OI‘mJ at’i n (we

gom ative
Co 'é(?ct tT pa
e o] SO DRGT | AR GRS L EPRp e[ EoTyion

n ABCDE Baséa G | 84. 66B4. 56 4. 4684. 1684. 46D Det e gentE

5 _AELE Nl g A il el AN wll 5

Al 4
5655655655655 65—MeditimSverbaset—Phenate

BafleDier gent S1.@B3. 633. B3W. 633. 6F446gh Overdddfed Pheridtd®

Aelal
POTIT E5 3
Detergent

. . 5.65 5.65 5.85 5.65 5.65
Medium

Overbased
Phenate

Detergent

High
Overbased
Phenate

363 3.63 363 3.63 3.63

Ashless
Dispersant 3.04 3.04 3.04 3.04 3.04

Viscosity Index _
Improver 3.0 3.0 3.0 3.0 : 3.0

Silicon-based
Foam Inhibitor 0.02 0.02 0.02 0.02 - 0.02

Oleyl Amine
Salt of Di-n-
hexyl Di-
thiophosphoric
Acid +

Oleyl Amine
Salt of Butyl
Acid Phosphate

Oleyl Amine _

Salt of Di-n- —- — — — 0.2
hexyl Di-

thiophosphate

Silver wear protection performance of the silver wear protection additive
composition of the present invention in comparison to oleyl amine sait of di-n-
hexyl di-thiophosphate alone was determined using the wear scar data and

10 the coefficient of friction data obtained from the Modified Silver Disk Wear and
-29.-
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Di spersant 3. 043. 043. 043. 043. 04 Vi scosity | ndex

| mprover 3.03.03.03.03.0 Silicon-based Foam

I nhi bitor0.020.020.020.020.02 A eyl Anine Salt of

Di -n- hexyl D - thiophosphoric---0.10.20.5--- Acid +
O eyl Amne Salt of Butyl Acid Phosphate O eyl Am ne
BettioroTesl -The Modified. Silviee ijsk Wear eni distepHesbdalq Jier

wear prat.ecti rformance of the silver wear
"BV@("éég'{zlegﬂngJ@g[étIiﬁf)ggro‘%onpositi on of the present

invention in conparison to oleyl amne salt of di-n-

hexyl di-thi ophosphate al one determ ned using the
wear scar data and 10 the i@%ﬁ?—fci ent of friction data
obtained fromthe Mddified Silver D sk Wear and -29 5

Erictian Tact Tho AMNModifiond Sl vor N cle \AAaor anedl
TSt T— ot rCoT— T CUOU Or1mv 1 L S\ VA =i=y]

1T VIOOUT 1 C [eHRAY]
Friction Test data are summari zed | WéaiSeaird | bEbefficient of
Tabl e 11 FoFouhatatiowear Scar Coefficient of Friction
(PmFriction Conparative Fornul afi on ABM™ 20 1490
Comparative Formulation A _ 222 - ' 0.1490
Test Formulation B 2.23 0.1523
Test Formulation C _ 2.09 0.1123
Test Formutation D 2.04 0.4200
Comparative Formulation E 2.15 0.1528

The data in Table 1l above shows that Test Formulations C and D containing
oleyl amine salt of di-n-hexyl di-thiophosphoric acid and oleyl amine salt of
butyl acid phosphate employed in the silver wear protection additive
composition of the present invention at concentrations of 0.2 weight percent
and 0.5 weight percent gave significantly better silver wear protection than
Comparative Formulation E containing the oleyl amine salt of di-n-hexyl di-
thiophosphate alone at a concentration of 0.2 weight percent. 1t was

surprising and unexpected that at equal concentration of 0.2 weight percent,

‘Test Formulation C containing the mixture of oleyl amine salt of di-n-hexy! di-

thiophosphoric acid and oleyl amine butyl acid phosphate employed in the
silver wear protection additive composition of the preseht invention performed
much better than Comparative Formulation E containing oleyl amine salt of di-
n-hexyl di-thiophosphate alone. Since Formulation E did not show silver wear
protection in this bench test, it was not included in the engine test in Example

Il below.
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Test ‘Fornul ati on B2.230.1523 Test Fornul ation

C2.090. 1123 Test Fornul ati on D2.040. 1200 Conparative
Formul ati on E2.150. 1528 The data in Table Il above
shows that Test Formulations C and D containing 10
ol'eyl am ne salt of di-n-hexyl di-thiophosphoric acid
and ol eyl amine salt of kbxégpleadi d phosphate enpl oyed
in the silver wear protection addltlve conposi tion of

" the preSiver Vieae bvahiatia i dDi HH67 ofEmaine JEstiht

percent and 0.5 wei ght percent gave significantly

S5l RS AR e BATRRIG) Wi vl

@rdiveewghr ﬂﬂotécﬁldnf‘tbyowea‘s‘mh@ﬁrel gilvoneea@ingwear test EMD 2-
concentration of 0.2 wei ght percen

567 risrging Taak alsrsye Kmewn g t @%L%FO&PJS%’{ vskd Bh
?%sgsszth\épdlﬁm 'hﬁgrbtfa sitl8e la]lf?d W#E?@hon C cont ai ni ng

m Xture o am ne n- hexyl di -
t hi ophosphoric acid and ol eyl am ne butyl acid

B2l SIL VPl el M, BB R geeRror o nours

Igefrﬁmtijtm%@kmlﬂ @blnbetaﬁ‘lerH hclalﬁrs@;lmlah@tpalz@dlzdfhwi%t used two
contal-nin ol e am ne s t -

aﬁastmaaaa%&c%meg Hfeaed ogeﬁrwt%éﬁq%ﬁh@?haag léedn iptergionally

%Eﬂ%é&gcﬁ i relgﬁﬁ%td'ifﬁ;%ubﬁs moﬁngs@h n%)ec%dubﬁon

was no e engli ne test

leabimas editppedanith eréduclohwaist rabe &gy attie magiificagionde
EMD 2-567C_Engi ne Test The | ubri

il -
HBONE B9 Uig gdead prerday an ﬂ%p@eﬁ%e%@ggiﬁmwnter oiling or
B Atdtas Eﬁ'hzefd% fHel §461 b IPIsApb I mBNufdeRrBl 30ARGH of the

'ver beari n wear Engi ne Test, al so
MMmTGdystEelomstasn ﬁihm is pressinded Tieectly tosedenn finshesssilyer

stfigrep! IEsed el ik SEBBbRL Y b Gl v or
Qﬁ’cm?ﬁ;br%%éd @iun% &%ééterzgﬁb%mub%ﬂ By eekiliolggeé®dnand
25 hours durability period. The test used two test

sktvibuiipn glohel hebeadngreammebanteed fatsiiver srapat naden e
?ﬁez?gnmﬁcat% %%P&!clo%e, and rated according to the EMD Distress Demerit
Procedure. The passing limit is 40 Demerits maximum for each bearing, and
two passing bearings from one test are required before a potential railroad

engine oil candidate can go into a full-scale field test.

Lubricating oil composition formulations F-J were prepared as described in
Table Il below for evaluating the silver wear protection additive composition

of the present invention using the EMD 2-567C Engine Test.

Formulations F-J contained a medium calcium overbased sulfurized alkyl
phenate having a TBN of approximately 114, wherein the alkyl group

~ contained 12 carbon atoms and a high calcium overbased sulfurized,

carbonated alkyl phenate having a TBN of approximately 250, wherein the

alkyl group contained 12 carbon atoms. Formulations F-J also contained an
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sensitized by making relative nodifications in -
conparison to production 15 engi nes equi pped with
production wist pin bearings. The nodifications

i nvol ve not using a |ead overlay on the insert

bearings and no center oiling or oil slot is utilized
laghlelse dispersdrdaa ivisgssity index imipeoves -amdrafogen inhikitor. Base oil
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e tMmURRRINSa b hrosima@aety s Batrhmatibesn EL afe wibré iy
| ead overlay, or 20 the inproved oiling

cleaerdteackin Babledl! pelow.ded by the oil-hole feed and
di stribution slot. The bearings are observed for

silver smear under a 10 nmgnification mcroscope, and .
Carepirative Formylations frearEhD Al 8ot capdainaieyliamine sait of di-n-

Fervidhibpagrm S Srp\ by Ading Sob BT Bl 2cid Bip e
ePflopscEin heWilvedwbaf chﬁe(ﬁidﬁpécﬁﬂﬁ\}@tomFbi;iti@ﬂ@f e present
engi ne oil candidate can go into a full-scale field

deentionuraropanatiye Siormitationsif A MermusgHitBheoPParison.
R T S L OB

eRibphsspHa08 aldfe wdwl iprihednadifiey SilvedDisksVegr ame FEMDN Test,
2-567C Engine Test. Fornmul a

eaIPantie it Was HobkeRA Euﬂ@ﬁ"iﬂﬁ’:]f—?g'a&ﬁ%}ﬁg Lfnﬁgg B%%@ﬁee’fhe
R Ye& ({B@%Qﬁ]@%ﬁ’i&"ibnﬁlﬁé Yl abbte NG/ tﬁaf Tes@tdprtulations

group contai ne carbon atons and a high calcium
d¥ and &5 gaves silghifichntiyl bettensilven atcad pattkgtiorpbemptredtavi ng

TBN of, ' t 50, wh i h | kyl
Aty Toraulaion & Braninamneredhayiondinpeiit’®
%}hﬁéﬂéﬁ%fg)rmﬁﬂat@w&mdﬂéﬁ@dﬁﬁm, a viscosity index

i nprover a a foaminhibitor. Base oil was used to

- make-up a 100 percent of each of Fornulations F-J. The

Rl phrmbiBfoh Ikt ﬁo%é@ﬁlb?%%g?ﬁnr&cﬁéw ahfine sa

atrons are re escribed in TabllteOde“nm
|Helxyhdtit thimphGepipariabcid entooleyl arhinerssltrof oudyl ot phogphate
contain oleyl amne salt of di-.n- 10 hexyl.
ey RuGsNeE Waar Braireioy) eddlive ComPOstien gf the prasent
Qﬁ\#&tﬁh%ﬁﬁﬂét&ﬁ&%{ ¥ekritfhtibRS. Thd ¥ifer WRAIT R6RICE6H @bitive
additive conposition of the present invention. .
Qompositidneoritaining thei dley eminadalt afsi-o-hieed di-tiophosphoric
GUd and ?I?enbieyl amine salt of butyl acid phosphate in a mole ratio of 50:50

was used to prepare Formuiations G-I

-32 .



Conparative Fornmulation E containing ol eyl amine salt
of di-n-hexyl di- thiophosphate alone used in the

Modi fied Silver Disk Wear and Friction Test, 15 the
bench test, was not used in the EMD 2-567C Engi ne Test
because the bench test data s rized in Table 11
above showed that Test Foriﬂh&tﬂﬂgﬁs C and D gave
significantly better silver wear protection conpared
to (‘nrmarm“l\/p Eormuy

engi ne test with Con'paratlve E rnu1l tion E was deemed
futile. 20 Test Formul ations G g 'br epar ed by
addi tion jof ol eyl am ne sal't of ‘g2 n hexyl

di -t hi oph rd—and-oteyt—annesatt—of —butyl )
54 dniiosipemparativepl oyelest n tihe dSliester wearTest ot elctGogiparative
& i ve c Berpuationon Fefmulation pr Basewatiop ny Eefmulationt | (Fggmutation
“different|{ congentrationss The sil wer wefar prptectjon 4
additive | conpositiph—contai-ni-ng-the—obeyl—amne-—satt
oBagdiciin- hexyls4d@i- t hj oplBesphor|i ¢ 2859aci d and4she o] eyl 84.67
am..na eﬁ| af __hitasd At A V\Iﬁr\(\‘iplﬁf\f PP ey P SH ~f
AT 11T O LVAC RS A aCT U prosprriactc— 111 moT T 1T dltl Ul
Sfdgent was used to prepare Formulations{ GI. 30 -B2 5
. TaRke,! 11| Fora®d atipn (W& ght| % 518 5.65 5.65
EREBAt i veTest Test Test Conparjti ve
Copdpaeent sFor nul at i onFor nmul atj onFor nul at i onFor nul gt i on
i on-FGHI 3-Base-G-1 84.19384.-9284- 9384568467
Desagagent | 5. 385. 195 185. 655. 65 Medi um Quer based
,Phﬁ%ﬁt e Det ergent 3.63 3.63 3.63 3.63
Overbased
Phenate
Ashless
Dispersant 3.04 3.04 3.04 3.04 3.04
Viscoéity Index .
tmprover 3.0 3.0 3.0 3.0 3.0
Silicon-based
Foam Inhibitor 0.02 0.02 0.02 0.02 0.02
Oleyl Amine
Salt of Di-n-
hexyl Di-
thiophosphoric . .
Acid + — 0.2 .02 0.1
Oleyl Amine.
Salt of Butyl
Acid Phosphate
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3.633.633.633.633. 63 H gh Overbased Phenate Ashl ess
Di spersant 3. 043. 043. 043. 043. 04 Vi scosity | ndex

| mprover3.03.03.03.03.0 Silicon-based Foam

| nhi bi tor0.020. 020. 020. 020. 02 A eyl Amine Salt of

D -n- hexyl Di - thiophosphoricO 0.20.1- 2 Acid +

~ diheyeswits pthsaEMDo2-58aC\engs tesPAGs pummarzetihelowdy Table

f, the EMD 2-567C engine test are summari zed bel ow in
ble 1V. Table IV Piston Pin Bearing
Formul ati onDenerits Pass/Fail LeftR ght Conparative
For mul ati onBreak-in Fail Fairl N
able |V

Piston Pin E"Sea’ring
Formulation Demerits Pass/Fail

Left Right
Comparativ?: Formuiatidn Break-in Fail : Fail
Test Formulation G ‘ 10.5 18.0 Pass
Test Formulation H 12.0 13.5 Pass
Test Formulation | 23.0 15.5 Pass
Comparativej Formulation Break-in Fail : Fait

~ The data obtained from the EMD 2-567C Engine Test show that Formulations

G-l-containing the silver wear protection additive composition of the present
invention passed the EMD 2-567C Engine Test used for determination of
protection of silver bearings, while formutations F and J, which did not contain
a mixture of oleyl amine sait of di-n-hexy! di-thiophosphoric acid and oleyl
amine salt of butyl acid phosphate employed in the silver wear protection

additive composition of the present invention, failed the break-in.

Although, the Modified Silver Disk Wear and Friction Test (the bench test)
data for 0.1 weight percent of a mixture of oleyl amine sait of di-n-hexyl di-

thiophosphoric acid and oleyl amine salt of butyl acid phosphate employed in

the silver wear protection additive composition of the present invention in

Table Il above shows that the bench test was unable to detect_the silver wear

protection property of this mixture at this low concentration of 0.1 weight

 percent, the EMD 2-567C Engine Test data given in Table IV above clearly

shows that this mixture at 0.1 weight percent concentration is effective as a
-34 -
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Test Fornul ati on G10.518. OPass Test Fornul ati on
H12. 013. 5Pass Test Fornul ation |23.015. 5Pass
Conparative Formul ati onBreak-in FailFail J The data
obtained fromthe EMD 2-567C Engi ne Test show that
Formul ations 10 G| containing the silver wear
prlmrarmearqmotmuﬂomadelitwenﬂdss coneerdfatiohanpy bedoe low for

inventio assed E

delph L elas Erar SRsden e s TR gl e ipme

E@ﬁmibﬁé efilsloyedifidhd benbh ¢stdhament sieniiadation andi adcelerated
ol eyl am ne salt of di-n-hexyl di-thiophosphoric

aUeaSand ol eyl amne salt of butyl acid phosphate

enpl oyed in the silver wear protection 15 additive

conposition of the present invention, failed the

Imetally) in M powgbum ihdustedbénetesid amofnersusweas qarmt

Friction Test (the bench test% at a # %%

SEFassg tﬁol%t%ds%ﬂmye?ompqu aﬁﬁhﬂéﬂf QEFPTP'S&fO & ParliRday

g) Flﬂhﬂ@g Eﬁ 3%%%‘%&&&2 afflidRabalde Skpdhditites in
kel phosphate

'ver wear" protection
@@lloértgi:v@temmoﬁeidheeh ﬂﬂe bbecrptm data mayenisd essishinddentifying

Table Il above shows that t bench .test was uynahle to

ot srcaniEEtons JBnt Makenop ST ET IR b Bp ) T g o oen

e ﬂ{éjer%s@hhéé%es th@%vﬁ&%@bﬁ@éﬂl&{b Bt Bo hotekEiBlt performance
perce e END 2-567C Engi ne Test data given in

Tmﬁeebemfatmv‘/ enay etill slyow yaongoedhperfotinangs ithe ackal @ngine

v I g Rg et o ninare ro R RE e KRoffy fuppits or

RRBYnMRSrd AR pNREnt, Sied REfacD paebing thu@ingiatest is an industry
protection in the bench test because of the extreme

ageadirenent enpl oyed in the bench test, namely short
duration and accelerated stress. 10 Gbnerally, in the

petrol eumindustry bench tests are often used as quick

screening tools to identify conpounds that show
prom se of a particular performance criterion, and
which may justify additional |arge expenditures in
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an engine test or field test. The bench test data may
al so assist in identifying the concentrations that
may show performance in an engine test, but as seen 15
in the present case, the |lower concentrations that do
not exhibit performance in the bench test, may stil
show very good performance in the actual engine test.

Tthﬁa?gélﬁirﬁ&ﬁt is a nuch nore reliable test to
dentify conpounds for conmercial devel opnent, and in

fagt, %?&1‘1!&%518 Wﬁ%hg%lltcﬁﬁr&d&ﬁ cﬁﬁoﬁﬂf@éﬂ e diesel engines

requi rement clal crankcase
| ubri cedrmpusing! conposition for | oconotive diesel
engi nes conprising: (A) a major amount of an oil of

| ubricating visco B Jy wear protection
add 1108 conBEraraRt s ahidh tgShricatnadiabosgy: () a
hydr ocar byl am ne salt of a di-alkyl di-thiophosphoric

acid (gpd (4 silveRrwavd Pﬂﬁééfﬁyﬁ a8dinge %@Hpo@ftloﬁ%o?fﬁpﬂémgra mixture
acid phosphate and one or nore detergents

| ubri cat i ngfdi) ia hysipearbylaorine salt ohardi-alkyhdethiophaspboric acid

comosi 11 onnhi) B eriiBRLPAEE! af AUER fBsppete: and

(O in the lubricating oil conposition is in the range

of abq@y O.dnk drinomedatbigamscent to about 5:10 wei ght
percent based on the total weight of the lubricati ng

osition. 3, Thelubrlcatlnglml osition
i mngPe ‘Hh@?%tfr}g diheorraesitionof elaimd; IV‘(}'@FG’”%EG Vg of the sitver
pr ot eg&éé}fbref&hah ‘é@?@)gg%?ﬁé]des‘?tfbrt)ir | Cz)(o tHe (Slﬁ? oPfor@detergents

nore detergents in ting o
conposn{Cpim the lubri¢ddtiegraingenpdsitdioistin@he Farige ofabaitt0.01:10

ot ar welpGeeraent BrabadhB: f e, BEtert BAged AT (oA ftal weight o

The | qpéqmtda[]gggnlcomﬁ;ntl on of claim 3, wherein
the ratio of the silver 20 wear protection additive

conposition in (B) to the one or nore detergents in

(S i T herlebricafinaceit ¢orgpesition ofrpledmd, ahereinithe ratio phihgesilver

of ab%ar%r&te%ﬂon additive composition in (B) to the one or more detergents
in (C) in the lubricating oil composition is in the range of about 0.05:10
weight percent to about 3:10 weight percent based on the total weight of

the lubricating oil composition.

4.  The lubricating oil composition of claim 3, wherein the ratio of the silver
wear protection additive composition in (B) to the one or rriore detergents
in {C) in the lubricating oil composition is in the range of about 0.1:10
weight percent to about 1:10 weight percent based on the total weight of
the lubricating oil composition.

5.  The lubricating oil composition of any one of the preceding claims,
wherein in (B) the ratio of (i} the hydrocarbylamine salt of the di-alkyl di-
thiophosphoric acid to (ii) the hydrocarbylamine salt of the alkyl acid
phosphate in the silver wear protection additive composition is in the
range of about 80:20 mole percent to about 20:80 mole percent based
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wei ght percent to about 1:10 wei ght percent based on
the total weight of the lubricating oil conposition.
5. The lubricating oil conposition of any one of the
preceding clains, 25 wherein in (B) the ratio of (i)
t he hydrocarbyl am ne salt of the di-al kyl di-

t hi ophosphoric acid to (ii) the hydrocarbyl am ne salt

of t h%rﬂ‘h% gtg?ﬁ'loqes méﬁgﬂﬁ'(?clérﬂylhﬁﬁnéé%lﬁs%f tWEZHl alka/fl di-

protectio Ive co on
about tBiOpBAOGsprairie amdaedtthde alkgybacitl ppOsplatev! e per cent
based -36 on the total noles of the hydrocarbyl am ne

Elaggl oo t(%om%cl)éltﬁt)fgof) Ethosgayv | gelﬁl?rll ?B)atﬂe 508 of (i)
Clon'poihé h Gro%ErWIé’rhme%alﬂmhé'diaIWI élahldﬂF@sEﬁéh@a@‘H to (i) the

ydrocar | am ne salt of

d| -t hufwsmxashyiam@ealtjotﬂne(alkyl micbpmsmte) %Byﬂilaﬁi yvear

or ot edrplsitafiarting ol saRR 57 ine ehoB el bt b more
about el tdabeut MBBOeRbIelperadiitibaséd deOherbeil ﬁﬁﬂ@@ﬁf the
based on the total noles of the hydrocar b?;l amn

sal t s hyAreagsbyaminea saltsipt. thaidhgiot ghibiaphoge @”%lﬁ@'dtéméj the alkyl
al kyI %ﬁi Sgﬁ]%?hat e. 10 7. The lubricating oil

corrp05| ‘aim6, whereinin (B) the ratio of

(i) the hydrocarbyl am ne salt of the di-alkyl

di Z.t hiThehabidatingooibcirdpositi¢n o) claime 6, Wwherain dm (B) the matio of (i)
sal t

o1 ot edbe biddarMaBneS Q@ﬁﬁ?g&%@@%&pﬂgg%g@%&@ to (i) the
perc e@dﬁﬁﬁﬁ‘#lgﬁnné taﬁ!gﬂ ;F’r‘ioéﬂ?r%te in the silver wear

hydr o ne sa
t hi opimmsh&hmm additivel carrtpolsi’t-nas Iajabutai(ﬂ BO;maiemmcmt msed on

pr ecedn 018 BPRS o1 (R Sy Bt ar By S APe P i ne
Sal U ofiobhesghorldaid ol h eARASEMEEShaleEi 0 1 S

essentially free of nono-thiophosphoric acid. 9. The

| ubricati ng oi | conposition of any one of the
précedihgdulricating oibeprpesitipm of any pre chtheapregediostiaians,

on th ’ .
acid gﬁos':% abié%t?{éa FP@J@%@% ent F'b%ﬁ%ﬁg}@gﬁgﬁglﬁrtﬁiola%Sphonc
br anckzeill is essentiaily free of mono-thlophosphoric acid.

9. The lubricating cil composition of any one of the preceding claims,
wherein in (B) the alkyl groups on the di-alky! di-thiophosphoric acid and
the alkyl acid phosphate are independently linear chain or branched

chain alkyl groups.

10. The lubricating oil composition of claim 9, wherein the alkyl groups on
the di-alkyl di-thiophosphoric acid and the alkyl acid phosphate are linear
chain alky! groups.

11. The lubricating oil composition of any one of the preceding claims,
wherein in (B) the alkyl groups on the di-alkyl di-thiophospheoric acid and
the alkyl acid phosphate independently have from about 3 carbon atoms

to about 40 carbon atoms.
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chai n al kyl groups. 10. The lubricating oi

conposition of claim9, wherein the al kyl groups on

t he di-al kyl di-thiophosphoric acid and the al kyl acid
phosphate are |inear 25 chain alkyl groups. 11. The

| ubricating oil conposition of any one of the
preceding clainms, wherein in (B) the alkyl groups on

t dirr.al L g -t b 00 | ' . I

2" T8 Wibaeling X QRRASEARN bLadh §1 2flerdiit el groups on
Iat grrs the di-aihyalufi-tﬁi@phas;htmiwamf nd{Re alkyl at\il\iﬁ ephosphatﬁ
ubricating oi o] sition of claim 11, rein t

al kyl 'rﬁfeaﬁggeaﬂv ﬁ@@?rem abeyt 3 ‘aﬁ'beﬂia&?m%é%ﬁgP%E%@rg’O“
and t Bgmskyl acid phosphate independently have from
about carbon atons to about 20 carbon atons. 5 13.

The lubricating oil conposition of claim12, wherein
t 8. allkgllulpnicaiing ainconpesitdbn af dgim A2, whergim wpallsyl groups on

id d.t Kyl ' h hat i tl
Fr om dBede iy diipnREoendi A Bl ne WRFEE P osPbrE. -
14. TheidpeheAf hAde Gbm SEORAPEAbERA dmBRY aBBEt P cafden
preceding clains, 10 wherein in (B) the hydrocar byl

gr oup@ing-he hydrocarbylamine is an aliphatic group.
15. The lubricating oil conposition of claim 14,

r ei . i t i . i . Qr
A Beny eI N i ith ban S e He8ling i,
cl ai myhéreintie (B) thet halratdplyl gooppnahetHydrocsbbkieyis an
group on the hydrocarbyl am ne has from about 8 carbon
at oms 2IRRAYGHQUP40 carbon atons. 17. The | ubricating
oi | conposition of claim 16, wherein the al kyl group

orqst h LRy ey, e T r i ; ;
aggUt ﬂ11(3<r|lltj:ar bo!hgg{lorrs 'S)(%%ﬁa %ﬂ?g@gqgh@ﬁ%ﬁﬁeﬁ%ﬁ%ﬁww S
18. The dlkybgraup ongn alkenybanoopi ti on of any one of the

precedi ng cl ai s,
16. The lubricating oil composition of claim 14, wherein the alkyl group or the
alkenyi group on the hydrocarbylamine has from about 8 carbon atoms

to about 40 carbon atoms.

17. The lubricating oil composition of claim 16, wherein the alkyi group or the
alkenyl group on the hydrocarbylamine has from about 12 carbon atoms

to about 20 carbon atoms.

18. The lubricating oil composition of any one of the preceding claims,
wherein in (B) the hydrocarbylamine salts of the di-alkyl di-
thiophosphoric acid and the alkyl acid phosphate are mono-
hydrocarbylamine salts, di-hydrocarbylamine salfs, tri-hydrocarbylamine
salts, or mixtures thereof.

19. The lubricating oil composition of claim 18, wherein the
hydrocarbylamine salts of the di-alkyl di-thiophosphoric acid and the alkyl
acid phosphate are mono-hydrocarbylamine salts.
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wherein in (B) the hydrocarbyl am ne salts of the

di -al kyl di- thiophosphoric acid and the al kyl acid
phosphat e are nono- hydrocarbyl am ne salts,

di - hydrocar byl am ne salts, tri-hydrocarbyl am ne

salts, or mxtures thereof. 25 19. The lubricating oi
conposition of claim 18, wherein the hydrocarbyl am ne

e et AESRY RS bt g Plete RO
- 38 2@vheféifr ih l@B? tr@élkﬂgjrﬁuﬂ) oRaHB AH-atkiyddi-bilophtypRoke aéid is n-
t he precedl ng wherein in (B) the al kg@wgrou

on t h&eyyl, H]%?'ky[cﬁmt"ﬂroﬂﬁhéﬁd}%ﬁ%’ Ritgsphate is-n- pgnd the
th | but vl
ang ?P@@%ﬂ@’a@@’ng}%hg& ocaft;ﬁaﬁﬁl}%f.g@gé : Zm’nneuig

oleyl. 5 21. The lubricating oil conpositi on of any
orid. oﬂ' heHebricaingbihgpnopasitien of ahxeoﬂé of the pEreting daies,
or det er s is a mxtur di um overbas d
Sul FombeEaniatG) inuers Gettose deterapafl 5 APbadEp! medim

sul f Ub'véﬂ%sed%%'ifﬁﬁf@d Rt taRicbr Tg@? $HAG Rl o?e%bagét?swfunzed,m. ”

| ubricating oil conposition o a|m2 wherein t
met al carbonated metal detergestsal . 23. The | ubricati ng oil
conposition of claim21l, wherein the netal is an

alkal i rth metal . 24..T | ubri.gat . .
e Ao e g eSS LHHIe A3 hRER R e masels an alkal
nmet al matarcal ci um or nmagnesi um 15 25. The | ubricati ng

oi | conposition of any one of clains 21 to 24, wherein

the detergents are a m xture of nedi um overbased

sdi ul hedebrication i campesitighehalain 21dwherrig e natalds ea

sul f ughzede & ﬁf]tm&% jed calciumal kyl phenate. 26. The
| ubricating oil ‘composition of any one of clainms 21 to

25, wherein the 20 lubricating oil conposition has a
Tadal TBadebritatibgroili compoditien ofidgiam @B, wheosin doetkabng earth

about 3
(%ai is calcium or magnesium.

25. The lubricating oil composition of any one of claims 21 to 24, wherein the
detergents are a mixture of medium overbased sulfurized calcium alkyl
phenate and a high overbased sulfurized, carbonated calcium alkyl
phenate. |

26. The lubricating oil composition of any one of claims 21 to 25, wherein the
lubricating oil composition has a Total Base Number is in the range of

from about 5 fo about 30.

27. The lubricating oil composition of claim 26, wherein the Total Base
Number is in the range of from about 15 to about 25 based on the total

lubricating oil composition.

28. The lubricating oil composition of any one of the preceding claims,
wherein the [ubricating oil composition further comprises one or more
tlubricating oil additives selected from dispersants, anti-oxidants, viscosity

index improvers and corrosion inhibitors.
-39-



10

15

20

25

27. The lubricating oil conposition of claim 26,
wherein the Total Base Nunber is in the range of from
about 15 to about 25 based on the total |ubricating
oi | conposition. 25 28. The lubricating oi

conposition of any one of the preceding clains,

wherein the lubricating oil conposition further

c ri WGt i | j 1 ot :
C L 25 AR SR Emgol Lo 2 el i SRongoing o
i ndex comprositensuthdr comprsesoné ohiniwre dispersafis29. The

| ubricating oil conposition of claim 28, wherein the

mote. degiPuSHing S RRHeT of FELm 2R AR DR HGPETARts are
of cl sHled8.di &t the di spersants are ashless

di spersants. 31. The lubricating oil conposition of

cl aim 30, wherein the ashless dispersant is a
det’. vdtheebigating il earapesitigni of eleim 39, whreein the pshlessg

oi |l coQg if .1. >edi ng cl ai ns,
where%ﬁ%ﬂﬁ%?%%5@%5@§F?'9%%%%§W$@{gpasses t he EMD
2-567C Engine Test. 10 33. A lubricating oil

c @1 eMhedubricatimgradilséorgpogition of any ehe of tHdpraekedinig claims,

percent to apout 10 wei ght percent of an oil _of .

| ubr i MAISTHE tbe Wtsicating ol gsifbRassss the FMed-§@f C Engine
per ceRtggi 0 about 90 weight percent of (a) a silver

wear protection additive conposition conprising a

m xture 15 of (i) a hydrocarbylamne salt of a

di33al Klubdeatirg eibtemsntrate camipdsingnd (ii) a
hydr ocar byl am ne salt of an al kyl acid phosphate, and

Concol at £0Bf S il 5N pertiny ' Ropd BBl RgRient of an oil
group on bhiibdtatmdviscsity Angphosphoric acid is

n- hexyl, the al kyl group on the 20 al kyl acid

hosphate is n-butyl and the hydrocarbyl group on the
ﬁydr 2@, byfrgm ﬁlgoqlté& Gwelght perce%t to abouty90 \%eighg percent of (a) a

silver wear protection additive composition comprising a mixture
of (i) a hydrocarbylamine salt of a di-alkyl di-thiophosphoric acid
and (ii} a hydrocarbylamine salt of an alkyl acid phosphate, and

(b) one or more detergents.

34. The lubricating oil concentrate of claim 33, wherein in (B) the alkyl group
on the di-alkyl di-thiophosphoric acid is n-hexyl, the alkyl group on the
alkyl acid phosphate is n-butyl and the hydrocarbyl group on the

hydrocarbylamine is oleyl.

35. The lubricating oil concentrate of any one of claims 33 to 34, wherein in
(b) the hydrocarbylamine salt of the di-alkyl di-thiophosphoric acid is
essentially free of mono-thiophosphoric acid.

36. The lubricating oil concentrate of any one of claims 33 to 35, wherein the

lubricating oil composition further comprises one or more lubricating oil
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35. The lubricating oil concentrate of any one of

clains 33 to 34, wherein in (b) the hydrocarbyl am ne
salt of the di-al kyl di-thiophosphoric acid is '
essentially free of nono-thi ophosphoric acid. 25 36.
The lubricating oil concentrate of any one of clains
33 to 35, wherein the lubricating oil conposition
furt

addi (oLEREATE AP BfopBRirs, SRR, Wicosif fadex
Vi scasiprgvaraden cormgicoviahibitarsdl corrosi on i nhibitors.
37. The | ubri cating oi I concentrate of cI ai m 36,

br| at 0|I nc r ther. . .
c8tpr e likicatigh o e S HRG I Ficrels theuibreatipn of
pr ot &,«Hnbeatrﬁeelm&hebsahbﬂgés bAe Br hRf8 Wdersarfts esel
engi ne crankcase conprising contacting the silver
bear i ngs with the lubricating oil conposition of any

ode df methedvior preigcting steesr bearivgh dyafleromelitecdieslengine

or anceaiE sty LaTRRH i HEF BoraR i e jricatng

Wi t h dilnhpditicradi Aty oA obikimenmies2t i on of clai m 20.
40. A nethod for protecting silver bearings in a

BRI el e 30 TS B o
oi | E'C%Pn r?éoébﬁ'i‘aéﬁn f’ri‘esu%e?[glaé{ﬁﬁ ss\‘rbftﬁ@ﬁé][ub icating
pr ot ect| on conp n conpr n?xt ur (I f

a hy diilapangndition m'aclamh 20of a di- aI kyl
di - t hi ophosphoric acid and (ii) a hydrocarbyl am ne

At el lof Frofhit SHE G gs 12p ehradive flesel epaine

the repaniagk comprisiiecoMaERsqHyiRer B@aﬁﬁc{;é with thé fubricating

di - al kyl di -t hi ophosphoric acid to
hy dr @dlzionypasitioneokelaim 8b. t he al kyl aC|d phosphate in
the silver 20 surface protection conposition is in the

r@pgqx ve‘?gﬁ B{tﬁtgc{% S?mﬁg%ﬁSHtcPﬁﬁgﬁﬁ%“t 20: 80 mol e

ercen base
hydrocarbylan1ne salts of the di-alkyl

di -t i mpbaepifdi)iachwydrodardoythnbine saltlofla disatlyd dphuepmraspmonc
acid and (ii) a hydrocarbylamine salt of an alkyl acid phosphate.

42. The silver surface protection composition of ¢claim 41, wherein the ratio of
(i) the hydrocarbylamine salt of the di-alkyl di-thiophosphoric acid to (ii)
the hydrocarbylamine salt of the alkyl acid phosphate in the silver
surface protection composition is in the range of about 80:20 mole
percent to about 20:80 mole percent based on the total moles of the
hydrocarbylamine salts of the di-alkyl di-thiophosphoric acid and the alkyl
acid phosphate.

43. The silver surface protection composition of any one of claims 41 to 42,
wherein the silver surface protection composition further comprises an

organic solvent.
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43. The silver surface protection conposition of any
one of clainms 41 to 42, 25 wherein the silver surface
protection conposition further conprises an organic
solvent. -41 44. The silver surface protection

conposi tion of claim43, wherein the organic solvent
is selected froman al kanol, a hal ogenat ed

hygdf o0q#ihgler sdfacd! Hote bnEoltPd¥itfon of claim 43, wherein the

| organic solvent is selected from an alkanol, a halogenated hydrocarbon,

an ether or a ketone.
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