GREEN LUBRI CANT COWVPOSI TI ONS FI ELD OF THE | NVENTI ON 10011 The present
invention relates to a nethod of making | ubricant conpositions having

i mpr oved woanoypredeect i on arid reduced phosphorus em ssi @03/USBAGKEROIND OF
THE | NVENTI ON 10021 Zinc di al kyl di t hi,ophosphate (ZDDP) has been used as an
additive in fornmulated crankcase lubricants in notor vehicles for many
decades. The primary function of ZDDP is to provide antiwear protection to
novi ng engi ne parts by interacting with iron oxides to forma protective

| ayer. [3] The current &ﬁ i LJ(“qﬂ f J of antiwear filns
from ZDDP invol ves tri bcees fooxdatve—eonponents. As ZDDP
deconposes, netat hi ophosphates and col | oi dal pol yphosphates are forned. The
deconposition of these naterials |leads to the formati on of | ow nol ecul ar

wei ght vol atil e phosphorus conpounds. This occurs because ZDDP i s not
ash-free and contai ns phosphorus. [4] Despite the advances in |ubricant

oi I formulation ] e remains a need for |ubricant oil

conposi ti ﬁ@ﬁﬁgﬁﬁﬁgﬁmnmm ally beneficial properties such as
reduced e;{b@ﬁft PR SHIRB% TivaMic] MRtbS! ® aNdhBRdd HTeGhiliag! lubridaggduced
phosphorus eni ssions. 10051 The present invention provides a synergistic
conbi nat i @ongfosAINR drmvimg himpmdedt iwes phetecti@s ubnd | reduced f phoslicsas of
transient internediates that provide reduced additive volatility in notor
vehi cl e eregipgoNs.SUBSTI TUTE SHEET (RULE 26) - 2 - SUWMARY OF THE | NVENTI ON

[ 006] The present invention is directed to a nmethod of nmaking |ubricant
conposi tions having inproved wear protection and reduced phosphorus

eni ssi ons g AR ROMYSH 6FergRraINeENTION' 1 | n one enbodi ment, the invention
is direct edirom—némod—of—mq‘n'g—a—rub‘ri cant conposition having reduced
phosphor ug0@2) ss7mrsdaBonditBioptiossient XZDDRS hes beve werua an afdditividdiP and
one or nore additives; and, adding the prem xed conposition to a base oil.
By " premni Xedtulated srandenase tlbhticants| imamotono chifdes ifoesnanye decrdes.t ole her
and heat ed pef org’1 bei ngqgg% dto a base oil. %8 | n.anot her enbodi.ment,
there is pHBIRYeBINElRB P i k9 09 dp ABEWSRR PrelsRHBR 1P BAVIRSFHYDS educed

phosphor us_em,ssi I of [ Gl ] k.S).0g prem Xxi ng

ef fective pﬁ%&ﬁ’tl ?%agﬂgagI@nlr%ﬁs/?gir&gﬁ%?%Q%?Ot%g{r]gé ga? P‘ti ves; and, adding
the prem xed conposition to a base oil. [9] In yet another enbodinent,
there is provided a nethod for inproving wear protection and reducing
phosphor ud083j ssThascurreng undsrstandingc ofipbe i formatiennph astingaaddimsg fiiom a

| ubricati se oil prem xed additives conprising effectiye ano of
700P and DB TwetlueSdaborbanial [an TRriPUpaN Soemsal. i A%t DD

speci ficatj r . i nal i

conposi ti odr? 88{@8 ?%Jé ﬁ@%@gp%}?g E%% adzgl rﬁl ggogg)d?%li %‘ﬂg}) flé():sgﬁlg %AIS'{J% é nﬁ?g&%gt The

speci fi caldegofliposiionest thebd Aatéid18 eaS 6 the f@fthtRpVEMToag AR &uldhweiphesent
invention will "becone apparent fromthe detailed description that follows.
SUBSTI TUTEoSMHEE phoRph uR Gompdinds D bEQrDESCRISSTZDRROS moiEshNvENTnON

[12] It has now been found that |ubricating conpositions conprising a major
amount of “@NEHBEPBPIPIKES.ef f ective anobunts of preni xed additives conprising
ZDDP and one or nore additives provide reduced phosphorus em ssions and

t hereby i nproved wear protection. Base Q| [ 13] Basestocks may be nade
using a vappgfy Bfesé;sité tRE efifvaREQC &8 SIEBricAR! UHll RenfAL AP UethiBISSY! iHere
distillation,” solvent refining, hydrogen processing, oligoneriSation,
esterifi catimins ande¢drfef ilabrigantABll d&fiPositiogs rthatOpkotide eersiiranmerdally
Certification Systent Fourteenth Edition, Decenber 1996 states that all
basest ockdeacHctil vpuppgrtiest such vas gedeses exhaesyopmdssions dnpmotenitehidie| ess

t han 90% sat ur at es atflld/ r gcrleater t han 0. 03%.sul fur and have a viscosity

i ndex gr edE&MEShIRFY Caég’ué ‘E‘E?dfﬁloéﬁﬁo‘iué§§“§ﬂ8ﬂs‘12o; Group Il contain
greater than or equal to 90% saturates and | ess than or equal to 0.03%

sul fur and have a viscosity index greater than or equal to 80 and | ess than
120; Gougob5] CPhé presedt dRtedrioh1ABvides atgiakrdioti© Qdmbaiationt 65ZBDP kags t han
or equal to 0.03% sul fur and have a viscosity index greater than or equal
to 120; Gasher ddditives thal yesuftiadhe ffomsat{dAQ) transientGntarmediates thag premide ot her
basestocks not jn¢luded jn Goup I, II, Ill or I'V. The test nmethods used in
defi ni ng trﬁéu%%{ﬁglﬂ?’%éfﬁ tidity ISPl HEINESt ur at es:  ASTM D2270 f or

vi scosity index; and one of ASTM D2622, 4294, 4927 and 3120 for sulfur.

G oup |V basestocks, i.e. polyal phaol efins (PAO include hydrogenated

ol i goners of an al pha-olefin, the nost inportant methods of oligonerisation
bei ng free radi cal processes, Ziegler catalysis, and cationic,

Friedel -Crafts catal ysi §.UB»°[11H]UE€WETéBLﬁ%2@ant conposi ti ons conpri se
a mxture of a base stock or a base oil and at |east one perfornmance

o o, o N IS N"T=1 "= T N I pe———— e~ I ™ N

e
A2 R EAVaeY ] Tt LAY




single oil secured froma single crude source and subjected to a single
processi ng schene and neeting a particular specification. Base oils

conpri se WO 2b@a®s3one base stock. The base oil constit uPes/uSh@9ai284
conponent of the lubricating oil composition and typically is present in an
anount ranging fromabout 50 wt.%to about 99 wt. % e.g., from about 85
w.%to about 95 wt. % based on the total weight of the conposition. 10151
The lubricating base oils of the present invention may be selected fromthe
group consisting of natural oils, petroleumderived mneral oils, synthetic
oils and m xtures thereof boiling in the lubricating oil boiling range.

[16] The kasemahRSy &fF THE: mm}@}gventi on typically include those oils

havi ng a in the range of 2 to 100 cSt,
pref er abl y0d6])t THe0 Ipﬁe%bnt maventisrefisr divkstedbauta Sndtho@Sof Shaking 1iibriahur al
oils include animal oils, vegetable oils (castor oil and lard oil, for

exanpl e), canmpositimsalhawings . ingfrovid weganr grotecticen anderegiuced | phasphorus
preferred. Mneral] oils vary widely as to their crude source, for exanple,
as to whetHEFSIPRR @P@rﬁ’ﬁ?‘é%f:ieﬁg&’,esnapht henic, or nixed
paraffinic-naphthenic. Gls derived fromcoal or shale are also useful in
the present invention. [18] Synthetic oils include hydrocarbon oils as

vel | as nqpofiy 4h QsR! BABo@irhént, WY& iMedrtionOis! dirécdd e HaTNGH of AsRIAEOL eSSes
such as chemcal conbination (for exanple, polynerization, oligonerfization,
condensat ilobricat k ybaipositionacldvngomededed. ) phosphomisnedmeissi@ns congirsingig of
smal l er, sinpler nmol ecular species are built up (i.e., synthesized) into
mat eri al s PEOMEYIBEehlgcve pErQyELs ofdDPBndnGor Brie addypies; ard, Setic

B
hyl - fJ 4 5 o 1|SUBSTI TUTE
SHEkT ( rUTEOZAERE Y R (B E) M Bt O e P R STBRB S bt

stocks are commonly used as synthetic hydrocarbon oil. By way of exanple,

PAGCs deri f rom . 4 ol efins.qr. %t ur re e
Lt vea 16881 1R Eniher Shtodient ghiecl PrbPRe B Meiol SombRiTeElufBACE |
ar e her ei RohfRIRAY BhethgbYediRear SRGPhorls? EhishiG Ve thberalehaReestineks

i ncl ude one or nore of § m xture of base stock(s) derived fromone or nore
Gas- t 0- Li qongdwisigl premirting i efffectiveThmbants @i ZDEP)pan sstebame shoar(mpre

obtai ned froma GIL process via gne_or nore synthesis, conbination,

t r ansf or maddiivesy and. eddiendstpremggdeompesitante abageednst r uct i ve process
from gaseous carbon contai ni ng conpounds. Preferably, the GIL base stocks
are derived fromthe Fischer-Trospch (FT) synthesis process wherein a

synt hesi s [089] donyxati anotberacmbodimentofth¢rel® previded asmetiosd for vaptoying
converted to | ower boili nlg mat eri al s by hydroi soneri a]t%ri.on and/ or . dewaxi ng.

The proced¥earPratestipn ;g redycing, Rpinhorys, episgions,in a \RRricant LOMPRSNIQ

5, 545,674, and. sui t ahi t al S, . t : : : : whi ch
i's incor poclpgfp&f%%ra?l%hf%ﬁgrgf lélr%%%%{éﬂg L{fé’;f] S@Ter%@ggés%gﬁgﬁg cg?@ﬁ‘ﬁﬂ

char act er iggdtil¥ Rirfointyo PEDITRY hAg okt b8 Wik Gddithedsi ties at 100C of from
about 2 cSt to about 50 cSt. The GIL base stock(s) and/or other

hydr odewaxed, or hydroi sonerized/cat (or solvent) dewaxed wax derived base
st ock(s) used t‘zpi cally in the present invention have kinematic viscqsities
in the rarl§t0bfAlhpseportions giyen i this specifeatien ar hasedoon the totpl mgsupbut 7

Crock(s) - ARe oL beiafteinppomgh lnshtife e andbr At nalBelTonstiiGns or 80

or greater : : r greater, and nore preferably 120 or greater.
SUBSTI ngoé@&%ﬁ{;%ﬂt@s%%e_& 6 - [022] There is a novenent anong ori gi nal
equi pnrent manufacturers and oil fornulators to produce fornulated oils of
ever increasingly reduced sul fated ash, phosphorus and sul fur content to
nmeet ever [Dht}) dengispeetasand cadwaatagesi ebrihe nprgsente yeatioansvill She¢prag | s,
known as | ow SAPS oil s, vvo]il(g relilpon %he 'ﬂse of base oils which

t hemsel vePPRFaRE fiom ME defpiled descsiption that oS i al sul fur and phosphor us
content 1023] Low SAPS fornul ated oils for vehicle engines (both spark
ignited and conpression ignited) will have a sulfur content of 0.7 wt % or
| ess, preferably 0.6 wt% or |ess, nore preferably 0.5 w% or |ess, nost
preferably 0.4 wt% or |less, an ash content of 1.2 wt%or |ess, preferably
0.8 % or less, nore preferably 0.4 wt % or |ess, and a phosphorus content
of 0.18%or less, preferably 0.1 wt% or |less, nore preferably 0.09 w % or
| ess, nost preferably 0.08 w%or less, and _in certain instances, even
preferably 0.05 wt % or SWTHMTWE@éWE@ﬂ] Met al dit hi ophosphat es
represent a class of additives which are known to exhibit antioxi dant and
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- 8 - with nonoal kanol s and the pol yol esters of nonocarboxylic acids.
Esters of the former type include, for exanple, the esters of dicarboxylic
aci ds suchoasogpiosisal i c aci d, succinic acid, alkyl succi rct/tseodoorBkenyl
succinic acid, maleic acid, azelaic acid, suberic acid, sebacic acid,
fumaric acid, adipic acid, linoleic aci.d _dinmer, malonic add, alkyl malonic
acid, alkenyl malonic acid, etc., with a variety of alcohols such as butyl
al cohol , hexyl al cohol, dodecyl al cohol, 2- ethyl hexyl alcohol, etc.

Speci fic exanpl es of these types of esters include dibutyl adipate,

di (2-ethyl hexyl) _sebacate, di-n-hexyl fumarate, dioctyl sebacate,
di i sooct leE\TA'If’ED, DES%@&‘IQN%T EﬂlNXEN‘TEQNpht hal at e, di decyl

pht hal at e, ¢diei,cosyl sebacat.e C 28]. Particul.arly useful synthetic
bators ar dOFRDIE RN ok BRG iing T ey bined B aHRORY <HEPLSingy P! ¢

al cohol s, r i ol : t L yol s

o o neopai Gty e Ba RN RERERE VS KSR brefis P aIERRRR ctm HRIAE
propyl- 1, #hDpamedliodk, oit kioretdididesppanade re@eiRidaghiodphbrisobmadifons and

di pentaerythritol with al kanoic adds containing at |east 4 carbon atons
such as t liksrehpimproyed wearQsrotestioB0 aci ds such as saturated strai ght chain
fatty acids including caprylic acid, capric acid, lauric acid, nyristic
acid, palmtic acid, stearic acid, arachic acid, and behenic acid, or the
correspon 'agg anched chain fatty acids or unsaturated fatty acids such as
ol eic aci ¢r ] The nost suitable synthetic ester oils are the esters of
trimethyl qb13r Besocks kr_[%'tIBB’hﬁdeh&k‘ixﬁ’?&va&fd@ﬂ%ﬂ@ﬂff@ﬂen@b?@d’é@ses including

pent aerythritol and/or dipentaerythritol w th one or nbre nonocarboxylic
aci ds conthat ninog flmoitechbout distillatiabhpusoli®ncardforingt ohpdragen wipdetessimgai | abl e
comrercially, for exanple, the Mbil P-41 and P-51 esters (Mbil Cheni cal
Conpany) . oliggpjerisatiganestenificatien, andererefriagwANl 1P "Enging (a4 iliigensing 00C i n

st pror andef o itiorlon sENP rflodtpesfh BBnoackey R gl iyt all = °
t et ramet hyl s % GiNsORRt GividddY ﬂito?ﬁ@@irgengﬁ? c%%%i&s\fboﬁ)% Ig%(ﬁﬁﬁ'ﬁt lse'sév‘\;fﬁ%};x I on

may be present I n anmounts ranging from abo out 9 nmor e

pref er abl YOPA sanmutsSandogigrgater ahamb03 % sukfufodnd Bbedita Yiscukitsind®st
preferably in anmounts rangi ngg fromabout 10 wt % to about 50 wt 9% based on
the total giedtghthasfon pgudldbritand lessnthesi 1206 Gronppll cintadd gireatee thermant s

1031] The | i iti f th i I i

2t | east AL T ARt 10 oSS AL R Sk (9) UARgs SRR Beethe.
i iatiey Ve X te int .

Funets on. VrsRitdindbuarct thich e ual O 80 antQe 8P 5 Gras BLE6M oM et 1 on

are shown gréhtdiedhal ok de@lbPw 90D3AkuriRisearidials fRRYorddquaheo 8@AdRt kiIEe: AM®

shi pped fromthe manufacturer and used with a certalin amount of base oil
sol vent i havéeaf onsnglsttyi omdexAcgmattirnghan oheequeilght d@0unGsoup Méblaee 1
bel ow, as [

Il as other nts mentioned in th tent, are directed to
t he amounPosralphaqle s%ﬁ@&u @ﬁf qrpﬂa'tV il%cltlh%,ahrf'aiﬁegga%mckﬁmiu'aﬁiu%dthe
i di ent. h %4 Ndi;cAat hased t.he .t ot.al ight of th
| uor ennt T SiFHE Iy T h G KA Flhe Rt BiRhS: RARER Mg AOh BB o (TP

Amount s ofa S/ @RoouRel Gafkatel; AGITRIONENYH FB}”PBHBQ%)ARH&&@ a%d o &
(Useful) Approxinmate W% (Preferred) Detergent 0.01-6 0.01-4 D spersant

0.1-20 0. ASSTM D2622, 4294, 4927 and 3120 for sulfur. Group IV basestocks, i.e.

polyalphaolefins (PAO) include hydrogenated oligomers of an alpha-olefin, the
most important methods of oligomerisation being free radical processes, Ziegler

catalysis, and cationic, Friedel-Crafts catalysis.

[014] Formulated lubricant compositions comprise a mixture of a base stock or

a base oil and at least one performance additive. Usually, the base stock is a

SUBSTITUTE SHEET (RULE 26)



Friction Reducer 0.01-5 0,01-1.5 0.01-30, nore Viscosity Index |nprover
0.0-40 preferably 0.01-15 Suppl enentary Antioxidant 0.0-5 0.0-1.5

Cor r osi orwOrzhediosssy 0. 01-5 0.01-1.5 Anti-wear Additive @COASG000/00m84 Pour
Poi nt Depressant 0.0-5 0.01-1.5 Anti-foam Agent 0.001-3 0.001-0. 15

-4.-

single oil secured from a single crude source and subjected to a single processing
scheme and meeting a particular specification. Base oils comprise at least one
base stock. The base oil constitutes the major component of the lubricating oil
composition and typically is present in an amount ranging from about 50 wt.% to
about 99 wt. %, e.g., from about 85 wt.% to about 95 wt. %, based on the total

weight of the composition.

[015] The lubricating base oils of the present invention may be selected from
the group consisting of natural oils, petroleum-derived mineral oils, synthetic

oils and mixtures thereof boiling in the lubricating oil boiling range.

[016] The base oils of the present invention typically include those oils having a
kinematic viscosity at 100°C in the range of 2 to 100 cSt, preferably 4 to 50 cSt,
more preferably about 8 to 25 cSt.

[017] Natural oils include animal oils, vegetable oils (castor oil and lard oil, for
example), and mineral oils. Of the natural oils, mineral oils are preferred.
Mineral oils vary widely as to their crude source, for example, as to whether they
are paraffinic, naphthenic, or mixed paraffinic-naphthenic. Oils derived from

coal or shale are also useful in the present invention.

[018] Synthetic oils include hydrocarbon oils as well as non hydrocarbon oils.
Synthetic oils can be derived from processes such as chemical combination (for
example, polymerization, oligomerization, condensation, alkylation, acylation,
etc.), where materials consisting of smaller, simpler molecular species are built
up (i.e., synthesized) into materials consisting of larger, more complex molecular
species. Synthetic oils include hydrocarbon oils such as polymerized and
interpolymerized olefins (polybutylenes, polypropylenes, propylene isobutylene

copolymers, ethylene-olefin copolymers, and ethylene-alphaolefin copolymers,

SUBSTITUTE SHEET (RULE 26)



Base G| Bal ance Bal ance [33] The present invention provides for heating
a mxture of at least two additives before adding the m xture of additives
to a basewoi2boy/lsmiier ably, the prem xed additives are hearams2600/001284
tenperature rangi ng fromabout 30C to about 80C. [34] The follow ng
non-limting exanples are provided to Lisl.ustrate the invention. EXAMPLES
1-8 [ 35] Exanples 1 through 8 are set forth in Table 1 where the anount
of phosphorus | oss is nmeasured using inductively coupled plasma em ssion
spectronetry. Thq ﬁrror of reproducibility is 0.0001. A ZDDP and an ester
SUBSTITUTéb%#%%?ﬂ’F ULE 26) were prem xed, stirred and heated to about 40C
The prem xed additives were then added to a G oup Ill base stock that had
been heated to 40 C and stirred. For conparative purposes, |ubricant

conposi t i gos9WPokydlpRaFiEREs APAMS) basd otoskatare scomamonly mistdeasasynthttiat is,
a Goup Il base stock was heated to about 40C and stirred. To the
basest ock hydsocadeiw cal. ZBYP veayd ofirexastpde,. PB&AXh deddved iftenvies Glerfded Gint o t he

basestock GeLers, 210,00, Wle SHReeen 00 e RS BT
i fl i i f f
582U 108 kel o DB R RS JeR s T ©

comercially available fromthe Lubrizol Corporation and a m xed

secondary/ primary ZDDP (85% Secondary/ 15% Primary), commercially avail abl e
from | nfij@26h Usdonvanpbded loaset stookd iddDDie iomet dre neore wit a ahixdbeudf bhsevt . %
P. The concentration of ZDDP is expressed _as the anount of phasphorus, P,
del i ver ed stask{fiedesived frpm oneor Thereegaeto-ldeudad ST wetaainds h{dTlpb8pe onat e

| | ter, SUBSTI TUTE SHE ULE 26 WO / 108367PCT/ US20091001284 -
D YOl obl S cOuEG RASE: SIOCKENPIRRISE ol 2 47120 BIRERy 1T SO tR TS vy 06 P

after heatsw@leglg’, 13(9&({1%&53{ ﬁgnsformation, rearrangement, and/or degradation
deconstructive process from gaseous carbon containing compounds. Preferably,
the GTL base stocks are derived from the Fischer-Trospch (FT) synthesis
process wherein a synthesis gas comprising a mixture of H, and CO is
catalytically converted to lower boiling materials by hydroisomerisation and/or
dewaxing. The process is described, for example, in U.S. Pat. Nos. 5,348,982
and 5,545,674, and suitable catalysts in U.S. Pat. No. 4,568,663, each of which

is incorporated herein by reference.

[021] GTL base stock(s) are characterized typically as having kinematic
viscosities at 100°C of from about 2 ¢St to about 50 cSt. The GTL base stock(s)
and/or other hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed wax
derived base stock(s) used typically in the present invention have kinematic
viscosities in the range of about 3.5 ¢St to 7 cSt, preferably about 4 ¢St to about
7 cSt, more preferably about 4.5 ¢St to 6.5 ¢St at 100°C. The GTL base stock(s)
are also characterized typically as having viscosity indices of 80 or greater,

preferably 100 or greater, and more preferably 120 or greater.

SUBSTITUTE SHEET (RULE 26)



m nutes) W% P Loss (NO Pre- mxing) W%P Loss (Pre- mxing) 1 ZDDP Ester
Secondary ZDDP 0.1080 0.0898 16.8 2 ZDDP Goup IIl basestock Secondary
ZDDP 0. 1086 20090i0836735. 9 3 ZDDP PCT/US2009/001284
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[022] There is a movement among original equipment manufacturers and oil
formulators to produce formulated oils of ever increasingly reduced sulfated ash,
phosphorus and sulfur content to meet ever increasingly restrictive
environmental regulations. Such oils, known as low SAPS oils, would rely on
the use of base oils which themselves, inherently, are of low or zero initial sulfur

and phosphorus content

[023] Low SAPS formulated oils for vehicle engines (both spark ignited and
compression ignited) will have a sulfur content of 0.7 wt% or less, preferably 0.6
wt% or less, more preferably 0.5 wt% or less, most preferably 0.4 wt% or less,
an ash content of 1.2 wt% or less, preferably 0.8 wt% or less, more preferably
0.4 wt% or less, and a phosphorus content of 0.18% or less, preferably 0.1 wt%
or less, more preferably 0.09 wt% or less, most preferably 0.08 wt% or less, and

in certain instances, even preferably 0.05 wt% or less.

Antiwear Agent

[024] Metal dithiophosphates represent a class of additives which are known to
exhibit antioxidant and antiwear properties. The most commonly used additives
in this class are the zinc dialkyldithiophosphates (ZDDP) which provide
excellent oxidation resistance and exhibit superior antiwear properties. ZDDPs
are the preferred phosphorus compounds in the present invention. Treat levels
for ZDDP in engine oils are generally expressed as the amount of phosphorus
delivered to the oil, wt. % P. Preferably, ZDDP is present as phosphorus in the
range from about 100 to 10,000 ppm by weight, more preferably from about 200
to 5,000 ppm by weight, most preferably from about 400 to 1,000 ppm by
weight. The ZDDP may be primary or secondary or mixed primary/secondary
compounds. ZDDP may also be a neutral ZDDP or an overbased ZDDP.

SUBSTITUTE SHEET (RULE 26)



Goup Il basestock 5 w % ester Secondary ZDDP 0.1100 0.0750 32.2 4 ZDDP
Goup Il basestock 5 w % ester Secondary ZDDP 0.1100 0.0866 -- 21.3 5
ZDDP Est ewolbhosesBecondary/ Primary 0.0981 0.0807 17.7 PETARDINY/001284

-7-

Detergents
[025] Detergents useful in the present invention include the normal, basic or

overbased metal, that is calcium, magnesium and the like, salts of petroleum
naphthenic acids, petroleum sulfonic acids, alkyl benzene sulfonic acids, alkyl
phenols, alkylene bis-phenols, oil soluble fatty acids. The preferred detergents
are the normal or overbased calcium or magnesium salicylates, carboxylates,
sulfonates and or phenates, most preferred detergents include normal or
overbased calcium or magnesium salicylates. Detergents are used generally in
amounts from about 0.01 to about 6 wt%, more preferably from about 0.01 to
about 4 wt%, most preferably from about 1 wt% to about 3.0 wt%, based on the

total weight of the lubricant composition.

Friction Modifiers

[026] Friction modifiers and fuel economy agents may also be used. Exémples
include esters formed by reacting carboxylic acids and anhydrides with alkanols
such as glyceryl monoesters of higher fatty acids, for example, glyceryl mono-
oleate; esters of long chain polycarboxylic acids with diols, for example, the
butane diol ester of a dimerized unsaturated fatty acid; oxazoline compounds;
and alkoxylated alkyl-substituted mono-amines, diamines and alkyl ether
amines, for example, ethoxylated tallow amine and ethoxylated tallow ether
amine. The amines may be used as such or in the form of an adduct or reaction
product with a boron compound such as a boric oxide, boron halide, metaborate,
boric acid or a mono-, di- or trialkyl borate. Preferably the friction modifier used
is a borated amine. Friction modifiers may be present in an amount ranging from
about 1 to 5 wt %, more preferably from about 2 to 4 wt %, based on the total

weight of the lubricant composition.

Esters

[027] Useful esters of the present invention include the esters of dibasic acids

SUBSTITUTE SHEET (RULE 26)



Goup Il basestock Mxed Secondary/ Primary 0.0973 0.0690 29.1 7 ZDDP
Goup Il basestock 5 w %ester Mxed Secondary/ Primary 0.0978 0.0706
27.8 8 ADDRo@viosgs7l |1 basestock 5 wt % ester M xed Seceouarsyéoooieary
0.0978 0.0835

-8-

with monoalkanols and the polyol esters of monocarboxylic acids. Esters of the
former type include, for example, the esters of dicarboxylic acids such as
phthalic acid, succinic acid, alkyl succinic acid, alkenyl succinic acid, maleic
acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid, linoleic
acid dimer, malonic add, alkyl malonic acid, alkenyl malonic acid, etc., with a
variety of alcohols such as butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-
ethylhexyl alcohol, etc. Specific examples of these types of esters include
dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate,
diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl phthalate,

dieicosyl sebacate, etc.

[028] Particularly useful synthetic esters are those which are obtained by
reacting one or more polyhydric alcohols, preferably the hindered polyols such
as the neopentyl polyols e.g. neopentyl glycol, trimethylol ethane, 2-methyl-2-
propyl-1,3propanediol, trimethylol propane, pentaerythritol and dipentaerythritol
with alkanoic adds containing at least 4 carbon atoms such as the, normally the
Cs to Cyp acids such as saturated straight chain fatty acids including caprylic
acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic acid, arachic
acid, and behenic acid, or the corresponding branched chain fatty acids or

unsaturated fatty acids such as oleic acid.

[029] The most suitable synthetic ester oils are the esters of trimethylol
propane, trimethylol butane, trimethylol ethane, pentaerythritol and/or
dipentaerythritol with one or more monocarboxylic acids containing from about
5 to about 10 carbon atoms are widely available commercially, for example, the

Mobil P-41 and P-51 esters (Mobil Chemical Company).

[030] In general, the ester used will have a viscosity at 100°C in the range of

about 2 to about 4 ¢St and preferably about 2.5 to about 3.5 ¢St. Preferably, the
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14.6 [036] The unexpected benefit of prem xing the ZDDP with the ester is
denonstrated in Table 2. Phosphorus retention increases by nore than 30 %
when premveizo@/msseester with a secondary ZDDP and by noreTiusamoA012%s when
prem xing an ester with a m xed ZDDP. By inproving the anmount of phosphorus
retained in the oil, the antiwear properties of the |ubricant conposition
are nmai ntained and nost inportantly, phosphorus em ssions into the

envi ronnment are reduced. SUBSTI TUTE SHEET (RULE 26) - 13 - EXAMPLES 9-14

[037] The ocedyre of .exanpl.es 1 - .8 was faoll owed e t that.a fully

For nul at s BTa0JrTermE A BFoP RRaE maly ol hase 1o Sriets f S brssoRtinfeptign

used. The t 1% 1 tyheoZEPRh dltl 0/, Mg W th
the oil ar%ﬁg}lfl f%g p(%% egﬁg%@r@%{%@g?@ﬁﬁﬁgt‘gﬁ@zn Ta@fteg%ﬁT/ﬁ’reng[r%P used
was a n xgstefeesslpdiar ¥indun iR Esh ZhPDHTOBO Ab&ec Sneardg/ tol aBowr 75rewy Po, most
comercially available fromlInfineum Al sanples contained ZDDP in the
anount of pefesably inanrounth eanging dremaabiooh 10fwizBDR RBowix I 88 <éd based o

armount of ﬁhosggoru , P, delivered to the oil, wt. % P. The ester used was
a t et r anettA§ FYrLIFIEM OF tholubgicant ¢empesieBhor us | oss was neasured usi ng

i nductively coupl ed plasma em ssion spectronetry. The error of
reproducibility is 0.0001. Table 3 Sanple Ester Concentration W% P at
40C (af t erpgficdl Addiase Ahdumtsaf ter heating to 170C (after 30 minutes) W% P

Loss (No Pre-—m XI ng)
[031] The lubricant composition of the present invention may also comprise at

least one additional additive. The additive(s) are blended into the composition in
an amount sufficient for it to perform its intended function. Typical amounts of

such additives useful in the present invention are shown in Table 1 below.

[032] Note that many of the additives are shipped from the manufacturer and
used with a certain amount of base oil solvent in the formulation. Accordingly,
the weight amounts in Table 1 below, as well as other amounts mentioned in this
patent, are directed to the amount of active ingredient (that is the non-solvent
portion of the ingredient). The wt% indicated below are based on the total

weight of the lubricant composition.
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W% P Loss (Pre- m xing) M xed Secondary/ 9 0.0 ™ % Ester
Primary 0.0790 0.0650 17.7 ---

WO 2009/108367 PCT/US2009/001284
-10 -
Table 1
Typical Amounts of Various Lubricant Oil Components
Approximate Approximate
Compound Wt% (Useful) Wt% (Preferred)
Detergent 0.01-6 0.01-4
Dispersant 0.1-20 0.1-8
Friction Reducer 0.01-5 0.01-1.5
Viscosity Index Improver 0.0-40 0.01-30, more
preferably 0.01-15
Supplementary Antioxidant 0.0-5 0.0-1.5
Corrosion Inhibitor 0.01-5 0.01-1.5
Anti-wear Additive 0.01-6 0.01-4
Pour Point Depressant 0.0-5 0.01-1.5
Anti-foam Agent 0.001-3 0.001-0.15
Base Oil Balance Balance

[033] The present invention provides for heating a mixture of at least two
additives before adding the mixture of additives to a base oil. Preferably, the
premixed additives are heated to a temperature ranging from about 30°C to about

80°C.

[034] The following non-limiting examples are provided to illustrate the

invention.

EXAMPLES 1-8
[035] Examples 1 through 8 are set forth in Table 1 where the amount of

phosphorus loss is measured using inductively coupled plasma emission

spectrometry. The error of reproducibility is £0.0001. A ZDDP and an ester
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M xed

M xed '

Secondary/ 10 0.0 wt % Ester Primary 0.0790 0. 0650 ---

WO 2009/108367 PCT/US2009/001284

-11-

were premixed, stirred and heated to about 40°C. The premixed additives were
then added to a Group III base stock that had been heated to 40° C and stirred.
For comparative purposes, lubricant compositions were prepared according to
what is known in the art, that is, a Group III base stock was heated to about 40°C
and stirred. To the basestock was added a ZDDP and an ester. Each additive
was blended into the basestock before adding the subsequent additive. The
mixtures of ZDDP, ester and Group III base stock were then heated to 170°C for
thirty minutes in a round bottom flask fitted with a coldwater condenser. Two
forms of ZDDP were used: a secondary ZDDP (isopropyl/4-methyl-2-pentyl),
commercially available from the Lubrizol Corporation and a mixed
secondary/primary ZDDP (85% Secondary/ 15% Primary), commercially
available from Infineum. All samples contained ZDDP in the amount of about
.1 wt. % P. The concentration of ZDDP is expressed as the amount of
phosphorus, P, delivered to the oil, wt. % P. The ester used was a tetramethyl

propionate polyolester.

SUBSTITUTE SHEET (RULE 26)

17.7



Secondary/ 11 5.0 wt% Ester Primary 0.0790 0.0684 13.4 --- M xed
Secondary/
WO 2009/108367 PCT/US2009/001284
-12-
Table 2
Wt% P after | Wt% P
Wt% P at heating to Loss Wt% P
40°C 170°C (NO Loss
ZDDP (after 30 (after 30 Pre- (Pre-
Sample Mixture Type minutes) minutes) mixing) | mixing)
ZDDP Secondary
Ester ZDDP 0.1080 0.0898 16.8
ZDDP
Group III Secondary
basestock ZDDP 0.1094 0.0701 35.9
ZDDP
Group III
basestock 5 | Secondary
wt % ester ZDDP 0.1100 0.0750 32.2
ZDDP
Group III
basestock 5 | Secondary
wt % ester ZDDP 0.1100 0.0866 -- 21.3
Mixed
ZDDP Secondary/
Ester Primary 0.0981 0.0807 17.7
ZDDP Mixed
Group 111 Secondary/
basestock Primary 0.0973 0.0690 29.1
ZDDP
Group III Mixed
basestock 5 | Secondary/
wt % ester Primary 0.0978 0.0706 27.8
ZDDP
Group II1 Mixed
basestock 5 | Secondary/
wt % ester Primary 0.0978 0.0835 -- 14.6

[036] The unexpected benefit of premixing the ZDDP with the ester is

demonstrated in Table 2. Phosphorus retention increases by more than 30 %

when premixing an ester with a secondary ZDDP and by more than 40 % when

premixing an ester with a mixed ZDDP.

By improving the amount of

phosphorus retained in the oil, the antiwear properties of the lubricant

composition are maintained and most importantly, phosphorus emissions into the

environment are reduced.
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12 5.0 wt % Ester

Secondary/

13 Ester

WO 2009/108367

EXAMPLES 9-14

Primary 0.0790 0.0669 ---
Primary 0.0790 0.0710 10.1

-13 -

15.3

M xed

10.0 wt %

PCT/US2009/001284

[037] The procedure of examples 1 — 8 was followed except that a fully

formulated 0W30 oil having a kinematic viscosity at 100°C of 11 ¢St was used.

The effects of premixing the ester with the ZDDP prior to mixing with the oil

and its other components are demonstrated in Table 3. The ZDDP used was a

mixed secondary/primary ZDDP (85% Secondary/ 15% Primary), commercially

available from Infineum. All samples contained ZDDP in the amount of 0.08

wt. % P. The concentration of ZDDP is expressed as the amount of phosphorus,

P, delivered to the oil, wt. % P. The ester used was a tetramethylpropionate

polyolester. Phosphorus loss was measured using inductively coupled plasma

emission spectrometry. The error of reproducibility is +0.0001.

Table 3
Wt% P after
Wt% P at | heating to Wit% P Wt% P
40°C 170°C Loss Loss
Ester (after 30 (after 30 (No Pre- (Pre-
Sample | Concentration Type minutes) minutes) mixing) | mixing)
Mixed
Secondary/
9 0.0 wt% Ester | Primary 0.0790 0.0650 17.7 ---
Mixed
Secondary/
10 0.0 wt% Ester | Primary 0.0790 0.0650 - 17.7
Mixed ™
Secondary/
11 5.0 wt% Ester | Primary 0.0790 0.0684 13.4 ---
Mixed
Secondary/
12 5.0 wt% Ester | Primary 0.0790 0.0669 - 15.3
Mixed
10.0 wt% Secondary/
13 Ester Primary 0.0790 0.0710 10.1 ---
_ Mixed
10.0 wt% Secondary/
14 Ester Primary 0.0790 0.0688 == 12.9
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M xed 10. 0 wt % Secondary/ 14 Ester Primary 0.0790 0.0688 ---
12.9 SUBSTI TUTE SHEET (RULE 26) - 14 - [0381 As is denonstrated in Table
3, there we a09i0g3s7fi cant reduction in phosphorus | oss waenstéve/0ZRP and
the ester are prem xed. At a concentration of 5 w. %ester, the phosphorus
| oss is reduced by about 10 % at 10 w14 % ester, the phosphorus loss is
reduced by about 20 %

[038] As is demonstrated in Table 3, there is a significant reduction in
phosphorus loss when the ZDDP and the ester are premixed. At a concentration
of 5 wt. % ester, the phosphorus loss is reduced by about 10 %; at 10 wt. %
ester, the phosphorus loss is reduced by about 20 %.

EXAMPLE 15

[039] A series of OW-30 fully formulated oils having a kinematic viscosity at
100°C of 11 ¢St were formulated with ZDDP in the amount of 0.08 wt% P. The
concentration of ZDDP is expressed as the amount of phosphorus, P, delivered
to the oil, wt. % P. The oils were evaluated in the Sequence IIIG engine test
conducted pursuant to ASTM D7320, which is incorporated herein by reference.
Phosphorus retention was measured. Phosphorus retention is defined as
100*AP/ACa (%) where AP = [Plend of test/ [P Jinitial @nd ACa = [Ca]end of test/ [ CaJinitial-
Phosphorus and Calcium were measured according to ASTM D5185, which is
herein incorporated by reference. A high phosphorus retention value indicates
that phosphorus remains in the crankcase and therefore can not degrade the 3-
way emission catalysts. The impact of the tetramethyl propionate polyolester at
varying concentrations is shown in Table 4. Phosphorus retention significantly

improves with the increase of the ester concentration.

Table 4
Ester
Level,
wt % 0 0 0 0 10 24.1 30
P
Retention,
% 85.0 842 86.9 84.8 87.2 90.0 92.3
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EXAMPLE 15 [039] A series of OM30 fully formulated oils having a

ki nematic viscosity at 100C of 11 cSt were fornmulated with ZDDP in the
amount ofw0.208/m837P. The concentration of ZDDP is expr essas2@s/00i2e4 anount
of phosphorus, P, delivered to the oil, w. % P. The oils were evaluated in
the Sequence 111G engine test conducted)pursuant to ASTM D7320, which is

I ncorporated herein by reference. Phosphorus retention was neasured.
Phosphorus retention is defined as 100*AP/ ACa (%9 where AP = [P]end of
testi[Pli E&M& = [Calend of ted[Ca]ininal. Phosphorus and Cal ci um
wer e neas ing to ASTM D5185, which is herein incorporated by

r ef er ence. hi S ' Lpdl es; S
remai ns i r‘oﬁfwe '%Egﬁggﬁtﬁgxgqrﬁgﬁﬁk%%sgé%ﬁ%ﬁé:tlapggg?{fdgll% %%%\j\&glemg%}lssi on
cat al yst s.wilthezDbDPaj g abitfint &3 01085 hwt%pPopTaeatchceatritbe $feZDIP \ar yi ng
concentrations is shown in Table 4. Phosphorus retention significantly

i nproves wixptesséd ab ribe @asmindfoft pleosphoms, Porebimeredt ioothe aibbwe % PEsThe

Level, wt %0 0 0 0 10 24.1 30 P Retention, % 85.0 84.2 84,8 87.2 90.0
92.3 SUB PW“SFEEW{I?IRDEECOQ‘@?UCQ as measyrgdpithe %gquenceSI?IC? engine test,

ASTM D7320, was determined. Detergents were added to the formulation. The
detergents used were calcium salicylate, magnesium salicylate and magnesium
sulfonate in the amount of about 2.0 wt%. As is demonstrated in Table 3,
calcium salicylate detergents provide a significant benefit in phosphorus
retention over magnesium sulfonate or magnesium salicylate detergents. And
when calcium salicylate detergents are combined with a borated amine friction

modifier, a further improvement in phosphorus retention is obtained.

Table 5
Borated Amine Friction
Modifier, wt % 0 0 0 2.20
1.55 1.87 3.0 3.0
Mg Mg Ca Ca
Detergent, wt % Sulfonate | Salicylate | Salicylate | Salicylate
Phosphorus Retention, % 71.9 81.2 87.1 93.0

EXAMPLE 17

[041] An additional experiment compared the impact of detergent type on
phosphorus emission index. In this experiment, volatilities from a Noack
apparatus run at 165°C for 16 hours were collected and the milligrams (mgs) of
phosphorus captured was determined. This quantity is multiplied by a scaling
factor (13.08) to yield a phosphorus emission index. The scaling factor converts
the mgs of phosphorus captured to mg of phosphorus volatilized per quart of
sample, assuming a density of 0.85 g/mL. Using this methodology, a low result

is desired. Two SAE 0W-30 fully formulated oils having a kinematic viscosity
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[040] A series of fully fornmul ated passenger car engine oils were

formul ated with ZDDP in the anmount of 0.045 wt % P. The concentration of
ZDDP i s ewprems@sdeds the amount of phosphorus, P, delivecedst@onhesoi |, wt.
% P. The phosphorus retention performance as neasured in the Sequence BIG
engi ne test, ASTM D7320, was determ nedjgDetergents were added to the
formul ati on. The detergents used were cal cium salicyl ate, magnesi um
salicylate and magnesi um sul fonate in the anount of about 2.0 wt% As is

o oni 11 cartl IBBRGdt| £ R StmGEs bR RLIEIOT BiHS OrRE h uf ORleed Snstem o
ragnesi “mtﬁﬁi]' CNL@BFT f&gﬁ@#ﬁﬁg%@tb LAiAsd ia‘Eé H@Te?g%ﬁtcﬁhéﬂf@utﬁﬂ@'}ﬁ@@t s are

conbi ned orate rrction I’T'D I er I nprovenent in

phosphor U%lgzrﬁﬁ@ﬁtl}ﬂﬁb\lvér phésphoeds efEﬁkzdl@néthaBomat@d févmulatdd ivgthi calcivmdi fi er,
w %0 00 20 Detergent, wt % 1.55 My Sulfonate 1.87 My Salicylate 3.0 Ca
Sal i cyl at euﬁ“oﬁateadaarganyl afllacPpbesyhorus cREssinn | indjces, were 4914 ang761.293. 0

respectively. The results are presented in Figure 1.

[042] It will thus be seen that the objects set forth above, among those apparent
in the preceding description, are efficiently attained and, since certain changes
may be made in carrying out the present invention without departing from the
spirit and scope of the invention, it is intended that all matter contained in the
above description and shown in the accompanying drawing be interpreted as

illustrative and not in a limiting sense.

[043] It is also understood that the following claims are intended to cover all of
the generic and specific features of the invention herein described and all
statements of the scope of the invention, which as a matter of language, might be

said to fall therebetween.
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EXAMPLE 17 1041] An additional experinent conpared the inpact of
detergent type on phosphorus em ssion index. In this experinent,

vol atilities froma Noack apparatus run at 165C for 16 hours were
collected and the mlligrams (ngs) of 2hosphorus captured was

determ ned. This quantity is multiplied by a scaling factor (13.08)
to yield a phosphorus em ssion index. The scaling factor converts the
ngs of phosphorus captured to ng of phosphorus volatilized per quart
of sanple, assuming a density of 0.85 g/nl. Using this nethodol ogy, a
| ow resul t VﬁhaésscémunédusSAE OW30 fully fornulated oils having a
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W cal C |1 Ces

were 49. 4ha @fv@}?g@?&?&gm esﬁ@&ﬁ%f@g@é@ﬂﬁ fl n Figure
1. [042] 1 therpngguel B B e%t@r?éftou% Qﬁ;%@é@t@sf @m.a anong

t hose appam@tl addithe; dnestedg nhed #2300 tthenpoiyel ebfdrcardtihe at t ai ned

vent | on it mb@@%@%@iﬁ?@%ﬁﬁ?&%%?@%%?%ﬁ% ween
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the temper ajuThe MEhART ofRhmP, whéiRiAlentl dleast oMiladafidl ng sal d

prem xed erein the ZDDP is
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conposition has inproved wear and reduced phosphorous em ssion
properti es.





