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[ 0001] The present disclosure relates to lubricants useful in engine oils
and in general lubricant applications. The present disclosure further
relates to lubricants of non-pol ar base Istocks that have inproved sol vency
for polar additives. BACKGROUND [ 0002] Pol y-a-ol efins (PAOs) are inportant
non- pol ar | ube base stocks with many excellent |ubricant properties,

i ncl udi ng high viscosiygRIOENTS YA VARG AW ye! @y diiomeExnd;,are avail able in
a W de viscosity range, i.e., "T‘%m@%@(ﬁ@w&ﬁi 0 about 300 centi st okes
(cSt)). PAGCs are disclosed as ; r exanple, in U S

Publ i shed Patent Application No. 20080177121 Al. [0003] G her inportant | ube
base stocks are those derived fromone or nore Gas-to-Liquids naterials
(GILs). CGIklBHdberials that are derived via one or nore '

synt hesi s, conbi nati on, transformati on, r earr angenent, and/ or

degradati on/ deconstructive processes from gaseous carbon-containing
conmpounds. [089Lf arldedirssdns shsrlasire uplatdsaodubricands used imeagpleeoils andis.

Publ i shed pli i.on No. ,.2007/0 178, whi,ch is ipcgrporated herein by
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Technol ogy" Edited by L. R Rudnick, published by CRC Press, Taylor &
Francis, 2005, which is incorporated herein by reference. -2- [0005]Base
st ocks of IPAGKGROIENDENd Groups | to |1l exhibit relatively low polarity.
This low polarity leads to | ow solubility and di spersancy for polar

additives or sl udge generated in lubricants containing PAGs and GILs.
[0006] To d8ABZhsaPelyreroleties (BHOsolae iimpostanp awa-palat kebeobagasockemish and
Goups | to IIl, lubricant manufactur.er 0 | y. i ncorporat ne nor e
pol arco- B4 skeslfeat Tebpicaminrondiigs.cige fuag Bigh pisetsty By, Viang T at e
napht hal e b e i Nk od: | upe S t out 1
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st ocks. Esibetus 300d cahtistbRéLdcSanht RAIGase atiscldsarlaeshibe bese s8xsukg] €ori n
U.S. Patent Nos. 6,627,779 B2 and 6,833,065 B2 as well as WO 03/ 035585.

Q her co- sxempie,ao ks Si RublishedRatermiudpplicdionoXgl 2Q0&Mi7d18st%ek.s, which are
di scl osed, for exanple, in U S Patent Nos. 2,936, 320; 3,251,771,

3,409, 553; 4,464,277; and 6,667,285. [0007]1t would be desirable to have a
pol ar co- H8QQ3lst oPkharnimpartnt dube basristpcks anesbeRs derivatk B0 GBROT BQE as
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[ 0009] According to the present’ disclosure, an advantagedus | Ubri cant
degradation/deconstructive  processes  from  gaseous  carbon-containing

compounds. GTLs are disclosed as lube base stocks, for example, in U.S.
Published Application No. 2007/0265178, which is incorporated herein by

reference.

[0004] Other important lube base stocks are the Groups I, II, and III base
stocks. Groups I, II, and III base stocks are disclosed in “Synthetics, Mineral Oils
and Bio-Based Lubricants, Chemistry and Technology” Edited by L. R. Rudnick,
published by CRC Press, Taylor & Francis, 2005, which is incorporated herein by

reference.



conprises a first base stock of one or nore al kyl cycl ohexyl

1, 2-di carboxylate esters at 1 wt%to 50 wt % based on the total weight of
the blend, and a second base stock at 99 wt%to 50 w % based on the total
wei ght of the blend, wherein the second dbase stock is chosen from(a) one
or nore C6 to C16 pon a-olefins, (b) one or nore gas-to-liquid materi al s,
and (c) one or nore Goup I, Il, and Ill oils. -3- nore alkyl cycl ohexyl
1, 2-di car bppyispt e ORLRESokdlo P MU (PT50 A IGRADSY ONTE BEhibA! RlatitRi P w of
the blend, and a second base stock at 99 wt% to 50 wt % based on tHe tot al
wei ght of pdlaribf.enbihiswoer giobaritiyelcads andldvwasehdtilink and dibpaemdyr 6on pajarone
or nore C6 tg Cl16 poly-a-olefins, (b) one or nore gas-to-liquid materials,
and (c) on@d(bIlanﬁ)@feSI@%ﬁefleratleﬂ méu,l@rlcpqn[ts eontaining BADe#t Gd Lishe first base
stock and the second base stock to forma lubricant blend. [0011] These and

ot her featyr attributes of the disclosed |ubrica n nposi.tions
and et hodld9p] ma ihePrapesat] Bﬁdéegﬁowt argatrye% se agid J%gg efRd

advant age C r ed
deseri pti odruaricr B BHRe AR R R SRR 7 cycI’eehéfxah
1, 2- di car bxphat esteddser s (%rﬁ‘m@hgecﬁdeﬂe c@dsbel dtocke- BAS eestéﬂdb%rshﬂgflfﬁea or
PACB and GILs and can be bl ended therewith to obtain clear and bright

| i qui ds f roaphtlealgndsowhich aeer typhdadlly fresand nn it ltdnsbas&"hm(ksatab@uarlem% to
anor phous, have | ow | ass transition te erature é
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base stock of ‘one or nmore C6 to 6 poly-a-olefins and/or gas-to-liquid
mat eri al s iatlud® vatrivub dl@@bw}%damé@sms twisich ar@lisekisgls foafexahpldliand.S.
Preferred blends have 1 wt%to 50 wt % of the first base stock and 99 wt % to

50 wt % of RatentddesrRedHndd:st.32k77 34085686 46d. Dl 7enad 06285 fi r st base
stock at 2 % to 25 wt % and a second base stock at 98 W% to 75 wt %
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transiti orgohgﬁpg/r@gM&tlvggampﬁﬁdg@mér&hom 0OC to -90C and nore preferably
from-10C t C. Viscosity index, VI, can vary from50 to 300 and nore

preferably from70 to 250. Kinematic viscosity at 100C and 40C are neasured
according to ASTM net hod D445. Viscosity index is neasured according to
ASTM et hedMMARY Noack vol atility is neasured according to ASTM D5800.
The pour points are measured according to ASTM D 97. [0015] Particul arl y
useful esters are the C9-esters exhibiting a kinematic viscosity of 3.7 cSt

(<4 cSt) 40008 NothM%I by ithe pyesent disslogaeg argplubricapigllends pad @@thaﬁs Qﬁ Wt %
i d II || !b k f h f uel
provi ae an xce asgt E&Bg or enhanci ng ue econony in engl nes

enpl oyi ng ‘0oils. The esters are "green" additive
solubilizers because t hey do not contain N, S, or aromatic rings and
because t | so i d d ¢l eppl t S.
[0016]TheTQWEa cﬁg %ﬁgI 3%% gngkpguggtéﬁé caah%§§§§%thg%?%ég by

reacting ebfiptisés cayﬁmk&zsers@&wef Reeydi ooV eeclvhéty 1 VRRidbsbakgRRo! s.

The esterification procedure is carried out in the presence of a catal yst.
n =28, 9, edrs atl ] VSLtQ/o [t0 BU7 tebadedpore ther tual afletgihajfsthertﬂbmdiemmmseccbmin ng 6
to 15 car bon ato m xtures thereof and preferably
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preferred. Al cohol's may be branched or unbranched Al cohdl s may be primary,
secondary, or tertiary.

[0010] A further aspect of the present disclosure relates to an advantageous

method of making a lubricant comprising providing a first base stock of one or



-5- 100181 The reactants nmay be contacted in the presence of a

het er ogeneous or a honbgenous acid catalyst. The acid catalyst is used to
increase the rate of reaction. The anount of catalyst is not critical, but
at | east enough catal yst nust be used t© provide a reasonable rate of
esterification. [0019] A conventional heterogeneous esterification catalyst
may be used. One preferred heterogeneous catal yst that may be used is a
sul foni ¢ agjule %ﬁéyl%g_c@h%k@m,@-ai%ﬁmxggﬁé Retes ABERAYL 88 ISOUNB, REYGhUhE:
These catal ysts, 'théir properties, a met hod of preparation are shown in
U. S. Pat entotdloweigh037 ti25Blendhamd aisscomt bageostatiedt Hevelh tdFOnefisbasedonSuch
catal ysts are available commercially and are sold under the trade nane
Anber | yst thy tetthwvedgldaaishe blapd, vdwetipithe seqemd sk gtagkzs shpsan Gama(a) one may
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may be usegkcon@lbdsestosk &b Sordt atlibractngMl@id. zi r coni um such as tetraal kyl
titanates or zirconates (e.g. tetraethyl titanate, tetraisopropyl titanate,
tetrabutyl titanate, tetra-n-propyl zirconate). Al so, netal oxides such as
zi nc oxi dej00dllpm Adhesannd totieer! fckireaandattribetts of the efierosed lbnogeniolead
catalyst is 4-toluene sulfonic acid nonohydrate. A preferred catalyst is
titani um i upPeBRIYand mgheyseé r@%lﬂagisrupgdqlﬁw pE thepresent disclosprg and

iy , d f.or.. iod of ti, ffici ff h
dosi red 1 ki BB oS BRICHET BRUBF afcr avEpStaPatrT ol URHFG IS8 T
300C, nor edéggﬁpg()ﬁllg‘}lﬁc@@?ﬁ&gmc, and nost preferably 100 to 220 C. The

reaction is carried out for a tinme preferably from1l to 48 hours, nore
preferably 2 to 36 hours, and nost preferably 4 to 24 hours. Conpletion of

reaction nay be determned b as chromat ogr aphy anal ysis of the product
conposi ti cﬁﬂ@l&ﬂﬁﬂﬂﬂéﬁ%l es of useful alkyl cycl ohexyl

1, 2-di carboxyl ate esters include the follow ng: di(n-hexyl)

1, 2-cycl ohexanedi car boxyl ate, di (n-heptyl) 1,2-cycl ohexanedi car boxyl at e,
di (n- oct y![p012p. cﬁ#ﬂh@ﬁ@&&?ﬁ‘%ééj@ﬁ%@@fla@i CHIRSFy Ehtective as p&ar cosbase
1, 2- cycl ohexangdi carb at e i(n-d I - dj. cat ,
4 2 cvol ongrenadieauPpa abe A (nageen be baRNSHNSIAETL e e
1,2-cycl Oftﬁaglﬁeﬁgﬁﬁfsb% ay &y dbwY ¢ oD&NY hidh Zesieh@hgsaedheachery At e
di i soheptyl 71, 2-cycl ohexanedi car boxyl at &, di (2-ethyl hexyl)

1, 2- cycl ohexamphdis; aidvexhoivatetass dirarsihan yé¢mperdtay dllghard nedi wat-bomypkttiee
di (3,5,5-trinmethyl hexyl) 1,2-cycl ohexanedi carboxylate, = . . )

di (2, 6- di reitihwther- peipt gpibases- dyhel ettersdiegi advaptagppas dubtiggtinggpgpertics,
1, 2-cycl ohexgne i car ?83@?” at ﬁ di i.soundecyl 1, 2-cycl ohexanedi car boxyl at e,
and conbi THER ROV YOIULHY apfdew YisEPsi¥t ers are the 09 to C12

cycl ohexyl di car boxyl ates. [0023] PAGCs are a class of hydrocarbons that can

be manuf a d b t i ] i.zat i i (.0

ow ol codl U Shier St s ER.E B¢ BrebhOaREIORER] bt SARSIPRI SERRr i or
typi cal | y jh@Ragk{T &y1dh8st ane dicarBotadecands am1t Widk-denene’dhendd second
preferred material,” although oligoneric copolynmers of |ower ol efins such as
et hyl ene dasc prosgydferre omnoab €& toeCyspaly-d-obdfudi agl/oo gad-{jorbigeidomattrials ene
wi th higher aolefins as described in U S. Patent Nﬁ éﬁ’g 6,122 and the
patents ra&f &retlo® pPeried hasphonpihsdigtalswaiahe oddhe A @lepds ¢ he

| ubricating. oil rket. Typical ly there are t classes, 0f,,S hetic
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I e e A S e A A i
pronot ed BFs3ceorid BdselSoclahd§ sitSo td POR4YSpeci fical |y, PACs may be produced
by the polynerization of olefin feed in the presence of a catalyst such as
A1Cl13, BF3, or pronoted AL1Cl3 or BF3. Processes for the production of PAGCs
are discl §8@t] foAllslaoptiehexyl 1Redicatboxwiatg griersntan e Shokert drasediosn
3,149, 178; 3,382,291; 3,742,082; 3,769, 363; 3,780,128, -7- 4,172,855 and
4. 956, 122 Phypirehpreperties| deyitpac dripsmatis ¥ isRpsitsfcanafer Tamadscsirte GiFSian
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range products are typically hydrogenated in order to reduce the residual
unsaturation, generally to a level of greater than 90% of hydrogenati on.
Hi gh viscosity PAGs nmay be conveniently made by the polynerization of an
al pha-olefin in the presence of a polynerization catal yst such as

Friedel -Crafts catal ysts. These include, for exanple, boron trifluoride,
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viscosities at 100C of from2 cSt to 50 cSt, preferably from3 cSt to 50
cSt, nore preferably from3.5 ¢St to 30 c¢cSt. The GIL base stock and/or

ot her hydrodewaxed, or hydroisonerized/catalytically (or solvent) dewaxed
wax derived base stocks used in the present disclosure have ki nematic
viscosities at 100C in the range of 3.5 ¢St to 7 cSt, preferably 4 cSt to 7
cSt, nore preferably 4.5 ¢St to 6.5 c¢St. [0028] GTL base st ocks and base

oi I's can beyfyidhendc h@d@cpﬁéfuza%rﬂy LBinC & lwioasd1ard ngropour GREk NrdingfionSC Or
| ower, preferably -10C or fower, 'nore preferably 15C or lower, still nore
pr ef er abl yten@t€atare, | Dyean varg frord €)°Csn®(0COratid inits pme&rzﬂ:aye”r(adv-aoﬁ(ageous
pour points of -25C or |lower, with useful pour points of 30C to -40C or

| ower. In t&@eCpr‘élsecvﬁltydingl@xD&’hr@n vioywioen S0tthed 08randomese predetedlyfom 70

o i gher , b prarasibr ebopcbfURE Gl 40K st brendoR bt RS Mo ni

refer to t i

[0029] The ERMSa08 St obkeo by el iF el Ehdtoriinarts! RINE i fipd 197570.

hydr odewaxigdackt voyAilRy sionmeasieed aataldyid Q@IASTMrDsem/erﬁé paarngoaes Fard
materi al derived base stocks, and other such wax-derived base stocks which
are base Smﬁmkwemapunénﬁ§KMMSEhdEh%7be used in this disclosure are al so
characterized typically as having viscosity indices of 80 or greater,
preferably 100 or greater, - and nore preferably 120 or greater

Addi t i onal [0015] n é’értrcarlarlqoar&erf@lurearerr e atce £o- @sﬁers\/psl@bmg/ q riaeszmérwt hese

b k f b f
oreater el BTG ﬁrfil%l%asﬁ PlaitBY iR B SESkly fartdoP oss o
stocks thap,plery ‘(ﬁ‘yh JQB\/@Laﬂmetx%EH&{t_sb af?}ryerﬁla-ﬁc ?L'iélaéc%no ggially

F-T wax, generally ve a viscosity in 130 or greater. Refer nces
herei n to engdesssirhyloyhees W-leind @“Asmwypetohled TR é&erd @3¢ rten agdtlitiven,
the GIL base stocks are typically highly paraffinic (>90% saturates), and
may cont aiseluhikizersdscans nys@pcm@pamamuNssamamatr%mg%pad heeauss they
conbinatro wi t.h. non-cyclic |so$ar€ k : ratio of the naphthenic
(i.e., cyd %fb‘éff}a]f”ft SHpellghe Aty aud gleap ﬂ?ﬁs ttr}b&t'gs varies with the catal yst

and tenperature used. Further, GIL base stocks and base orIs typrcally have

ver o UL, STl PREOR R RSO Sh SRO LALRE e
sul fur anq g ggnlgo ﬁﬁﬁmﬁﬂaﬁ%&é%%?ﬁc%ﬁl FQQQNRﬁgﬁwﬁ*m @QQQMQGdTR the

hydrorsonerrz on/rs ewaxi n nater especi a , I'S very
| ow. [OOBJektd@lmaﬁbﬁfp%é&mremle@@ht ifTHe Iﬁ@%e&kﬂ“@k@tﬂyﬁt paraffinic
materials that consist predomnantly of non-cyclic isoparaffins and only

m nor anmounts of cycloparaffins. These GIL base stocks typically conprise
paraffinic naterrals t hat consist of greater than 60qm % non-cyclic

i soparaffins, prefe ably greater than 80 wt % non-cyclfic isoparaffins, nore

preferably gpeater-than 85 wt % non-cyclic isopg st preferably
greater than o-ﬁ-gyﬁfﬁeﬁrsopararrrns [D Exanples of usefu
conposi tions™a Th( base stocks"are recited in 6, 080, 301;
6, 090, 989; and 6, 16» 949, for exanple, which are herarn i ncor'por at ed by
reference. [0033]Base stock(s), derived fromwaxy feéds, which are also
suitable for use in this disclosure, are paraffinic qurds "ot "|"Ubri cati ng
vi scosity derived fronrhydrodemaxed or hydrorsonerrzed/catalytrcalIy (or
sol vent) ed X 10 - fe s, of m non- m neral oi
non- pet ro?@&% orﬂa%fl‘&rﬁafrcugwraé Cﬁud%t}ﬁ’se Eft% 6%1@ QRPN AOTBHET or
nore of ¢ bon
rar i nat oorpSdeEE ind BorcHBY o E12 HORBIENN B iR RT horbE %GR
from coal jdongted @sinh a9 pzrsmbr@r@uehadsen@rdlal 9¥0-0t8 meH] teﬁé@pmsn@r a!;efm
non-mineral oil, non-pétroledm or natural source derived waxy naterrals

| i near orahmhnbha@chyﬂracaobmmﬂeonponmdﬂ wnuhmaaobom{humhﬁr ofurzigcamol,
greater, preferably 30 or greater, and mxtures of such

i somer at elUgdaeanekat-dogaeod mgdawagabeAércp@ s petlm@f] %| laer@rvHx@gbaﬂ%l
Such as P beulel e‘fw 2 AOKRREE TaRD Do Hnithd G DGR BHT Btk ©

dewaxi ng. illed solvent such as nethyl ethyl

ket one (Ngayhgﬁﬁﬁg' ?péetgﬁgg(wlmo, m xtures of MEK/ M BK, mixtures
of MEK and tol uene, mhrle autorefrrgerative dewaxi ng enpl oys pressuri zed,

| i quefied | ow boiling hydrocarbons such as propane or butane. [0035] Sl ack
waxes secured fromsynthetic waxy oils such as F-T waxy oil will usually

have zero or nil sulfur and/or nitrogen containing conpound content. Sl ack
waxes secured fronrpetroleunrorls may contarn sulfur and nrtrogen

. o o, . o o,




fromwaxy feeds are characterized as having predomnantly paraffinic
conpositions and are further characterized as having high saturates |evels,
|l ow-to-nil sulfur, lowto-nil nitrogen, lowto-nil aromatics, and are
essentially water-white in color. [0037]- A preferred GIL |iquid

hydr ocar bon conposition is one conprising paraffinic hydrocarbon conponents
in which the extent of branching, as neasured by the percentage of nethyl

hydr ogens (@1)83 anghd RGcRRAXTY b &fnt@t@d‘ﬁmﬂw% e%d%s&'h@t‘ér(%enfebﬁs or a

percentage of rfecurring methylene carbons whic ] are four or re carbons
renoved frhbomagesng geidupatatyshr aihé {cidHZaraldgt, isaneeds yo hinctwake tha)rate of

Bl -0.5(CH2 > 4) >15; and (b) BI+0.85 (CH2 > 4) <45 as neasured over said

l'i qui d hydragetpbor heoampowit: ologptalystaisvitid| aeitiqabdas)atheaspcapegh eatalyst mesie oi |
can be furfher characterized, if necessary., s having less than 0.1 w%
aromatic hYTPRALIORYRYIAG Bicasenahie %e\ﬁgﬁﬁ%eﬁiﬁtcﬁﬁﬁ%n cont ai ni ng conpounds,

| ess than 20 wppm sul fur contai ning conpounds, a pour point of |ess than
-18C, pref y | - r > > 4), <22.5.
They have WOAgHY o 2iut iy R Bt sl lntlid Gl bt hagl *buer
than 10 heﬁ_{ﬁék‘er@éd IRAGBEeRIARCHRBYRE thIHOPHAMRONs@E Q§Ba aNKoRA AYRT /dBonave
nore than 16 net hyl branches per "100 carbon atons. They al so can be

char act er i @athabge aresonthavang om ofacdynativudarv isswotirey, Hheseeaataledsbyth@GES at
-40C, and kinenmatic viscosity, as neasured at 10Q0C represented 2}\(/ t he
formul a: DOVOpsktiessgny metbod Jlkpreapratipacyre. shrygn in [(H53)ate Nees dB7edd2aTL
base oil is,alsq characterized as conprising a @ xture of branched.

par af 11 ns. WHAPadt ePOBETAIed: RGO ST RElFeit. "bRueh orftalisiy afthe A40ilfbisst
90% of a migthereify th%@%gldoﬁﬁ?érfﬂh@strad@ﬁrﬁé NSBEdyRrRNRBGh RarRAS ops are
paraffins having a carbon chain length of C20 to C40; a “nol ecul ar wei ght of
280 to 56ZPhitadetpHia,itn.r Aogkc eéol@bQhtdlystd GRRals@bd usbdr ei n sai d branched
paraffins contain up to four al kyl branches and wherein the free carbon

i ndex of said branched paraffins is at |east 3. [0040] GTL base oils, and
hydr odewax8820br Witbroitswher i zedventianalt hembggndusr esfetifieation deldaxeia]yséx
base oils, for exgnpl e, hydroisonerized or IQéclrodewax waxy  synt hesi . zed

hydr ocar bdRay gegitilized 4p whe reacpc Hsgdul catglyssdarhgs sybdsicaad phaspherie ow or

| fur . h | - 12
ori i nal - aiEpheRl oS B S a8 SiBndraptPEEin ORARNS (BB at co
oi s of evafalydtsr AREiHRAIRE. O RMtaHHif HRMASBe uBAPHRIGILISsBRD Sithhlin

content to nmeet ever increasingly restrictive environnmental regulations.
Such oi | s,orknosomias, Isavh SAPStanlky] titanatds reel yircomatdse (a1ge tatfactiadetitanhte, whi ch
t hensel ves, inherently, are of low or zero initial sulfur and phosphorus
content . SelErsepnopyhbiddnate elgtrabutyd 4 Hanpte.s tednnpEoRr ALY WAl daeil i ves.

E if the.additi . addi.ti included i n.the f | at j tai
sul fur andFUIepRbeb S AEC WdPe SlHb Iy 8 S AREaILE B nAoPICHFY 1 be

| ower or '“ﬁ%ﬁ?ﬁ%@ﬁlﬁ% iCONPRERE Eg&o 1aBych _?_Ldgf&%@fdté fA%%E}i*ém?%&@atngng

conventi ona o'l base stoc 0041 bri cant e present
di scl osur gs timnilnavisoppopugide:- 111 oils as second base stocks. Useful G oup
I-111 base stocks have a Kvioo (kinetic viscosity) of greater than 3 cSt to
5cSt. APl Goups I, Il, and I'll represent base stocks typically refined

from crudd¢0821] antharestedifidatioanisi @irddd myut vdtst daipgraturde prdsvile, andt forat i on

content, and sul fur confent. [0042] The specjfications for the_|ube base
oil's are ®&¥IPA ﬁlwet%&hmﬁm mtegﬁeel]gﬁgéemdd&vpﬂ% CORBFISIUb| ilhgtheastians o)

usi ng sul fur nt, t UL at t, d_vi I Ryl as faollows:
& oupsul P ERMET0 S RAE R0 S Bl AR ErSRRS! Soboesis: By fos?

|1 <300>9080s 32 1Y 1h5390290%L 20né YAldiidRak ¥atirehefois: (RAGTL YAy fRiacks Not
Included in Goups I-TV [0043] Manuf acturing plants that ke G oup |I base
oi | s typi ¢c@dByhage, seiry gmteridtdy eXte 36t hdlre, hodvenostigetsably 4 nded hdfirs.
components and increase the VI of the crude to the specifications desired.
These sol ¢ewapletipe of yeactian may herdstersringd by gasichrgppipgreploxenadytis oh thg ves a
product with,|ess than 90% saturates and nore than 300 ppm sul fur. The
majority BFOQW?ECPWQQS‘&OEMUCH oninthe world is in the Goup | category.



- 13 - [0044] Manufacturing plants that make Group Il base oils typically
enpl oy hydroprocessi ng such as hydrocracki ng or severe hydrotreating to
increase the VI of the crude oil to the specifications value. The use of
hydr oprocessing typically increases the%aturate content above 90 and
reduced the sul fur bel ow 300 ppm Approximately 10% of the |ube base oil
production in the world is in the Goup Il category, and about 30% of U. S.
producti onged21 & i i Pl 111
base oils W}?}%Iz al %ﬂ&éﬂ%ﬁ%@%&hf:@g&?ﬁglﬁ n1 e?%ﬁ?%%%&te?ﬁieg very high
VI productthe f8llogéng: kE(rshexitl) n@-éwddhdmnedicyrbaslatn) digs-heptyly VGO or wax
which contains all saturates and little sulfur, the Goup |Il products have
saturate cbat@cw@s@n@@cwoamt@Ldlfrupctcfb)nl@fﬁycmemnqbgargpwlaﬁ@me] A

and LIl base stock can be found in

:E;E't lh?ea? i g‘ggﬂ;" %b;ﬂz-gyp]é) ggg&ﬁ%ﬁ%é@ﬁ%ﬂﬂﬁ@é’ﬂ s, Chemistry and .
Francts. oo clftxdhedicaBox A dithuuRiy P oy o Rm e Ea Do B e

lubri cant @fsophsp rlm?éloﬂkﬁsﬂaﬁwrsoﬂaﬁmd)a_vce_/cmﬂaﬁmGrOUp V co- base stocks,
such as esters. The esters of choice are dibasic esters (such as adi pate

ester, ditlh2docldhexdingditaboxyiang-diisehepteki 2reyclpigxpobdiesttoxylatencl udi ng
pent heryt hy. (TMP esters), .and phthal ate esters. The al kyl ated aronatics
of choi ce ‘éf}e'emﬂuw)ﬁ’ihi@n@fC@PWFlﬁéléarbr%ﬁf’ﬁtﬁ SQBOBYY ot her al kyl at ed
aromatics ch | kyl. i Al etkher j | sul fide, biphenyl, and
pol yal kyl eIrs'ig Cgf@%?@%@%ﬁ%?@%?é@cﬁﬁB 1%%&%]?\@?8?5,{ abl e Group V base stocks
can be f0UHQ-dy@ldIﬁXQﬁétﬁéd&%xyMé""%1'1(@',6-@&1&%—@-1?&;95@35ed_ Lubri cants,

Cheni stry and Technol ogy" Edited by L. R dni cki "publ i shed by CRC Press,
Tayl or & Fr2ryckhe280&licdrb048lhid) eilsodedyd drit-cpélohbeaedemebexydawc] osur e may
optionally_include | ube base oil additives such as detergents, dispersants,

ant i oxi darflisoundeqyl iekeyelabexangdicarbexirlaisopnd cambiadions dRereof. sRedeirgd i ndex

difi 1 Coti difi dof . ts) . nhi bit 1
netting agasireBRGToge BRIREY RECLPda BN 5, “Tust < 14" Pnhibitors,
and the |like. The additives are incorporated into the blend to nmake a
finished | . . ! . : .

Typi cal 1y, U o1 ACG R Hefes o SdboafEhi Npftotarf BECHERLRIARE DY B

[0049] I n zapaytié Qﬂ'ﬂg@fne@maﬁ@h nplyméfgatidibid dawt mofecatsiaizht Prbdudis eef of
al i phatic saturated branched-chain carboxylic acid nonoal kyl esters

di scl osed lineaf cx-wldfen (1AQF rdosomér6671hes BlypichlPS0inphe fiombr 1-oattnecém be
enployed in a variety of end uses, such as a |ubricapt pjl, .an industrial

oi I, a hydréedaceae.oivith alrdspgichdcong ,aam%ea‘réjl éﬁ%‘@?la[}oéghﬂ’% ¢y are
exanpl es of the pre t di sckosure and._.are. not it n u |l imting.
ExavpLes rRBTaS g Rive ERES Fbh 3R siRLEnT % GropSHaRamali Bt Bk
esters mﬁﬁclﬁ&ﬁ?‘_&?o@?ﬂeﬁyof @ﬁa%z‘lérfé“w% Iﬂigﬁeﬁ&lé'ﬁ%%%fé@@'ﬁﬁ@d ROXYKI Patent
anhydride and various” (C9, Cl10, Cl2) al cohols. The | ube properties and

product péNd.ot8B6de2 aindt thesgatersts atferver  theadinat BAC pratereed bpve achieved

structure-property-performnce know edge for these G. V base stocks. The
est eri fi camperasghtinebezbdricatisgovih markehe Tupically ifereate itow skagsasnet: -
15 - synthetic hydrocarbon fluids (SHF) produced from linear alpha-olefins, the two
classes of SHF being denoted as PAO and HVI-PAO (high viscosity index
PAOs). PAOs of different viscosity grades are typically produced using promoted

BF; or AICI; catalysts.

[0024]  Specifically, PAOs may be produced by the polymerization of olefin
feed in the presence of a catalyst such as AlCl;, BF;, or promoted AICl; or BFs.
Processes for the production of PAOs are disclosed, for example, in the following

patents: U.S. Patent Nos. 3,149,178; 3,382,291; 3,742,082; 3,769,363; 3,780,128;



Exemplary Ester # 1: Synthesis of Nonanyol Cycl ohexane-1, 2-di carboxyl ate
(25304-34). [0053] Cycl ohexane di carboxylic anhydride (30.9 g, FW 154.2),
1-nonanol (63.5 g, FW 144.3) and titanium i sopropoxide (0.28 g, FW 284. 2,
0.5 % were mixed in a 500 milliliter ('n711‘) t hree-neck flask along with 100
m xylene. The solution was brought to reflux and kept stirring at 135C to
140C for 18 hours with water condenser and Dean-Stark trap. 4.0 m water

was trappeg 13bigss mdawss. 120, wkichvat sullyaschipapied W%fer%%c@oWAOsEdféess
xyl ene was rempved by rotary-evaporator. Residual xylene and unreacted

nonayol al glebaliscumsed enmolve dobywirae udMilbvie t.al ubyithtiom HyndoeedBAC. MaTcd ¢
yel | ow vi scous | II}CJ]UI d was obtained. The yield was 98,9 nole% Product

structure BRkkgurlNey Xerle 984 r%@@eﬁyemw%m mﬂm@tama|t§ﬂ§|EA%&@bm¢

E # 2: h h b I 253 31
[0054] Oy ol BERaROULEABbwy PR i YRR 018 e Feitod fe’ ERiGiY
(77.6 9, F¥sadinBtigh %Fﬁjet Enmal mo(pf Idﬁlaﬁ%ﬁ%l h:%\ﬂo l‘étlgn. ;iphgh%

were mxed in a 500 ree- nec flas ng W t ene.

reacti on wascd¥iguUBAOY mayebé Mnﬁﬂﬁeh&jﬁtmadé byithg pdlydi@biZation 1A04n haiphal8
hours with water condenser and Dean-Stark trap. 4.0 ml water was trapped
after 5 hove8n in the presoageet mglmqp@él@ncﬁa@alyat@unb@s§’rle|§>zbé?sgﬂs<9at@héts;vas

renoved by.rotar rat or |dual Iene nd .unre ecan
Rptbealiied I SRR S AT R T P A R S R

scous | T nd
\[;IUI’I ty vvelrtgmg%rr]‘\fﬂ%? I‘Ir)ggl%%'t&f%mh 3& a(%l ﬁ)éﬁhm@]l%f/)glglss su@h %O&H@Olh%#géwl]:’s? gr #
3: Synt heshgafdl, WEC@@M@;& 1€y abrREXRNRAth, dstéisc sndPa¢! ath gl (a22BR4-c¥7 kthyl
[ 0055] Cycl ohexane di car boxyl iC anhydrl de (30.9 g, FW 154, 2), undecanyol

al cohol  1-mropmratedr ¢thsr suad, aﬂbtmeﬂ&z)amdummapylmﬂwls o(rSrec;font eganpl, 28 g,
e . m xe

yl ene. TiberBsoRy; b Suigﬂt el N doithipt o B30 1sdbero "
140C for 180l o 46 %ggeyr%e%oﬁ{adlﬁﬁe BB RE 2%y 5Pl LT

was trapp Xyl ene was Teno ar y-‘evapor at or .

Resi dual Xy y£negang, SJrFa‘E‘é’rRtNQ 3“769969}’@' Sapé%@ﬁloNoV‘@%%eﬁmV@ﬂSbFaﬁéﬁﬁN‘ém oven
at 5.0 mMmmHg and 180C. 92.0 g yel l'ow vi scous |iquid was obtai ned. The yield

was 93 7%4, B3 98381¢1 US. rHaanrI‘éoaﬁt;aﬁ),BﬁQIWS\d?a&eEtoNblzﬂma 15%; LRS aRateBCNpS
anal ysis. [0056] The three esters in to 3 were evaluated for the

ol | ol ngH-KVRANE S Tabersdve. 681 QAGS: vl sbaemic o 4OP0. 158apnBl it Patent

depr essant (goé:é)% g erature, and Noack volatility. Kinematic viscosity was
measur ed :ﬁ §1 0 ASTM net hod D445. Viscosity index was neasured
according to ASTM nmet hod D2270. Noack vol atili ty was neasured according to

/rA\S-srll\J/: thsgﬁg" ge‘t(:a F%lrﬁ[oh | na%l femﬁl@dfﬁf bbp‘%)a (?d A@ogﬁé‘?ﬁ%ﬁs op?afilk I

cycl OheXy|su§pé’ﬁéﬂ,¢r@dm>ﬁ%}ﬁbﬁuﬁﬁtc@taﬂ}st witidnallpkdLoRifin monoSRAPKAcH PAOs
are described in U.S. Patent No. 4,827,073; U.S. Patent No. 4,827,064; U.S.
Patent No. 4,967,032; U.S. Patent No. 4,926,004; and U.S. Patent No. 4,914,254.
Commercially available PAOs include SpectraSyn™ 2, 4, 5, 6, 8, 10, 40, 100 and
SpectraSyn Ultra™ 150, SpectraSyn Ultra™ 300, SpectraSyn Ultra™ 1000, etc.
(ExxonMobil Chemical Company, Houston, Texas). Also included are PAOs
prepared in the presence of a metallocene catalyst with a non-coordinating anion
activator and hydrogen as discussed in U.S. Published Patent Application No.
20080177121.

[0026] GTL base oils comprise base stocks obtained from GTL materials that

arc derived via one or more synthesis, combination, transformation,



40C PPD Noack Sanple # Cycl ohexanoate ID (cSt) (cSt) VI (O (w% Ester #
1 C9-Ester 25304-34 3.7 16.7 15 -42 10.65 Ester # 2 Cl0-Ester 25304-31 4.1

19.8 08 -21 g

rearrangement, and/or degradation/deconstructive processes from gaseous
carbon-containing compounds. Preferably, the GTL base stocks are derived from
the Fischer-Tropsch (F-T) 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. Patent Nos. 5,348,982 and 5,545,674, and examples of suitable catalysts are
described in U.S. Patent No. 4,568,663, each of which is incorporated herein by

reference.

[0027] GTL base stocks are characterized typically as having kinematic
viscosities at 100°C of from 2 ¢St to 50 cSt, preferably from 3 ¢St to 50 ¢St, more
preferably from 3.5 ¢St to 30 cSt. The GTL base stock and/or other
hydrodewaxed, or hydroisomerized/catalytically (or solvent) dewaxed wax
derived base stocks used in the present disclosure have kinematic viscosities at
100°C in the range of 3.5 ¢St to 7 cSt, preferably 4 cSt to 7 cSt, more preferably
4.5 cStto 6.5 cSt.

[0028] GTL base stocks and base oils can be further characterized typically as
having pour points of -5°C or lower, preferably -10°C or lower, more preferably
-15°C or lower, still more preferably -20°C or lower, and under some conditions
may have advantageous pour points of -25°C or lower, with useful pour points of
-30°C to -40°C or lower. In the present disclosure, however, the GTL base stocks
used generally are those having pour points of -30°C or higher, preferably -25°C
or higher, more preferably -20°C or higher. References herein to pour point refer

to measurement made by ASTM D97 and similar automated versions.

[0029] The GTL base stocks derived from GTL materials, especially
hydrodewaxed or hydroisomerized/catalytically (or solvent) dewaxed F-T
material derived base stocks, and other such wax-derived base stocks which are
base stock components which can be used in this disclosure are also characterized

typically as having viscosity indices of 80 or greater, preferably 100 or greater,



- Ester # 3 Cl2-Ester 25304-37 5.2 26.5 26 0 - -17- Noack volatility of
the C9-ester was found to be 10.65 wt % The uni que conbi nati on of | ow
viscosity and low volatility may be used to fornmulate engine oils in which
very | ow base stock viscosity (<5 cSt at91000) may be required, e.g., for
greater fuel econony. [0058]We found that cycl ohexanoate esters are very
ef fective pol ar co-base stocks for PAO and GIL fluids and can be bl ended

Wi th theseaﬂwm&elﬁéfe% 19006 SrehRr ODA @il 0RABR! inddsitald baftfculdrdink@dicd om
very low to very high conhcentrations. Exanples of Blends of various PAO and

cycl ohexanthet eisassityr mder dfpthepe bhsee stotke nenf bd Po&R1Mile N3 Opsogeatdre sn@t
various hydrocarbon base stocks |ike PAO, Goup IIl, and cycl ohexanoate
esters ar epsherablyi B3 STapeesater, ang evemmorp drokevantld@orgreaige.| Hevypmaie

T00 0. oo AT B8S5G1o%e so GSTE0 i biToanathinly Bty Ban PEENAE
clear and brjgh, Whirch, SUogestsiy Makvd NeSEstBt XRES Off bATR Gt Qpksear
e wriseds? 4

m sci bl e in“each” ot her. e-viscositles, pour poi nt tenpéeratures
are shown Raferéiecet dletein to Vikeobiep indeRtrbftso ABTIMVMatholdODR21@St) was ASTM D

445, for Kv at 40C (cSt) was ASTM D445, for viscosity index (VlI) was ASTM
D2270 and for pour point (C was ASTM DO7. -18- Table 2 (Lube properties
of bl end of00BAD 6 Iamdditiem, @ €/l bhsx stocks aretipecalyf highinphm ffini B %6t ock
Type PAO 6/ Cycl ohexanoate (wt% Kv 100C )
saturates), and may contain mixtures of monocycloparaffins and multicyclo-
paraffins in combination with non-cyclic isoparaffins. The ratio of the naphthenic
(i.e., cycloparaffin) content in such combinations varies with the catalyst and
temperature used. Further, GTL base stocks and base oils typically have very low
sulfur and nitrogen content, generally containing less than 10 ppm, and more
typically less than 5 ppm of each of these elements. The sulfur and nitrogen
content of GTL base stock and base oil obtained by the

hydroisomerization/isodewaxing of F-T material, especially F-T wax, is very low.

[0031] In a preferred embodiment, GTL base stocks are paraffinic materials
that consist predominantly of non-cyclic isoparaffins and only minor amounts of
cycloparaffins. These GTL base stocks typically comprise paraffinic materials
that consist of greater than 60 wt% non-cyclic isoparaffins, preferably greater than
80 wt% non-cyclic isoparaffins, more preferably greater than 85 wt% non-cyclic

isoparaftins, and most preferably greater than 90 wt% non-cyclic isoparaffins.

[0032] Examples of useful compositions of GTL base stocks are recited in U.S.
Patent Nos. 6,080,301; 6,090,989; and 6,165,949, for example, which are herein

incorporated by reference.

[0033] Base stock(s), derived from waxy feeds, which are also suitable for use
in this disclosure, are paraffinic fluids of lubricating viscosity derived from

hydrodewaxed, or hydroisomerized/catalytically (or solvent) dewaxed waxy



(cSt) Kv 40C (cSt) VI PP (C) PAO 6* 100:0 5.50 28.50 132 -54.0 PAQ Ester
95-5 95:5 5.37 30.20 111 -59.7 PAQ Ester 90-10 90:10 5.48 29.86 120 -60.9

PAQ Ester 80-20 80: 20 10

feedstocks of mineral oil, non-mineral oil, non-petroleum, or natural source
origin, e.g., feedstocks such as one or more of gas oils, slack wax, waxy fuels
hydrocracker bottoms, hydrocarbon raffinates, natural waxes, hyrocrackates,
thermal crackates, foots oil, wax from coal liquefaction or from shale oil, or other
suitable mineral oil, non-mineral oil, non-petroleum, or natural source derived
waxy materials, linear or branched hydrocarbyl compounds with carbon number
of 20 or greater, preferably 30 or greater, and mixtures of such

isomerate/isodewaxate base stocks and base oils.

[0034]  Slack waxes are waxes recovered from any waxy hydrocarbon oils,
including synthetic oils such as F-T waxy oil or petroleum oils by solvent or
autorefrigerative dewaxing. Solvent dewaxing employs chilled solvent such as
methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK), mixtures of
MEK/MIBK, mixtures of MEK and toluene, while autorefrigerative dewaxing
employs pressurized, liquefied low boiling hydrocarbons such as propane or

butane.

[0035]  Slack waxes secured from synthetic waxy oils such as F-T waxy oil will
usually have zero or nil sulfur and/or nitrogen containing compound content.
Slack waxes secured from petroleum oils, may contain sulfur and nitrogen
containing compounds. Such heteroatom compounds must be removed by
hydrotreating (and not hydrocracking), as for example by hydrodesulfurization
(HDS) and hydrodenitrogenation (HDN) so as to avoid subsequent

poisoning/deactivation of the hydroisomerization catalyst.

[0036] Preferred base stocks or base oils derived from GTL materials and/or
from waxy feeds are characterized as having predominantly paraffinic composi-
tions and are further characterized as having high saturates levels, low-to-nil

sulfur, low-to-nil nitrogen, low-to-nil aromatics, and are essentially water-white in

color.



5.16 26.82 123 -60.9 PAO Ester 50-50 50:50 4.45 21.35 122 -54.0 Ester C9
Cycl ohexanoat e* 00: 100 3.70 16.70 115 -42.0 * - not exanples of the
present disclosure [0060] Lube properties of blend of PAO 6 (SpectraSyn 6
pol yal phaol efin of ExxonMbil Chenicalyland C9 cycl ohexanoate ester are
shown in Table 2. This data suggests that the two types of base stocks are
m scible in each other. The viscosity index (VI) of the bl ends suggests

that t hese[ddg,q?'lds A‘?}%@{errﬁédaﬁi‘%ehﬁ(]um MW dMcarBHE bhiFRfidY iLbnbi &ﬁn%{'i%ﬁﬁgm d

changes |l ess dramatically with change”in tenperature conpared wt

vi scosi ty pdrafiieicdiydeodapbervtoipunehts i pidch tleadxtemnsitorarciciagphs teasured
property is that fluid my not be a viscosity index inprover (VIl) in sone
appl i cat i o therperqsntagenefemgthyd hyidrogensoftidnanchthes praximétybel bragehirgnast end
to be unstable tg rg]shear. Once.the VI I bet%i rs to greak do]Pwn, gthe fully
f or mul at ed™PPIHE \é@e o priceptagg, Yakecupiing meyigne ¢asopRs AyHch yite JoppidNal
Vi scosity ' A r &A@ S~ of t

bl ends ar e&?ﬁ%\%rbio% %ﬁp%é@ﬁoﬁ?ﬁg?@ﬁ%?@bﬁ%%ﬁ@e y}%i %\?\Pb%ﬁ}%%gﬁ%fgg@hi S
property nBkess(Che f Uyi-dsyend (BBHACE3 YEH, b 4)rei3 04 theakinddte capaidi leatid ons.
[ 0061] The pour point of PAO 6 was -54C, while the pour point of C9

cycl ohexanuadrecabpa compesitdaCis AWdopour poi nt of bl ends was surprising and
unexpect ed. The pour points of blends of PAO 6 and C9-cycl ohexanoate esters

in ratios of 95:05, 90:10, and 80:20 are shown in Table 2, |ast colum. The
bl end pour[0838ht s Theerrelared Guldr basmall sangps Airthqr gharacterizeyl, if ngppssary,

(Lube pr Opa(asrf[leilv(?rslg ?g:ssbthgrrf %Pivt%%?(;[rﬁgtls HycliJrlc;[c%?boln%f)le%rs]céhan 20 wppm nitrogen
containing compounds, less than 20 wppm sulfur containing compounds, a pour
point of less than -18°C, preferably less than -30°C, a preferred BI > 25.4 and
(CH, > 4) <22.5. They have a nominal boiling point of 370°C", on average they
average fewer than 10 hexyl or longer branches per 100 carbon atoms and on
average have more than 16 methyl branches per 100 carbon atoms. They also can
be characterized by a combination of dynamic viscosity, as measured by CCS at
-40°C, and kinematic viscosity, as measured at 100°C represented by the formula:

DV (at -40°C) <2900 (KV at 100°C) - 7000.

[0039] The preferred GTL base oil is also characterized as comprising a
mixture of branched paraffins characterized in that the lubricant base oil contains
at least 90% of a mixture of branched paraffins, wherein said branched paraffins
are paraffins having a carbon chain length of Cyy to Cyy, a molecular weight of
280 to 562, a boiling range of 650°F to 1050°F, and wherein said branched
paraffins contain up to four alkyl branches and wherein the free carbon index of

said branched paraffins is at least 3.

[0040] GTL base oils, and hydrodewaxed, or hydroisomerized/catalytically (or
solvent) dewaxed wax base oils, for example, hydroisomerized or hydrodewaxed
waxy synthesized hydrocarbon, e.g., Fischer-Tropsch waxy hydrocarbon base oils

are of low or zero sulfur and phosphorus content. There is a movement among



C9 cycl ohexanoate ester) Base Stock Type SpectraSyn U tra 150/
Cycl ohexanoate (W% Kv 100C (cSt) Kv 40C (cSt) VI PP (C) SpectraSyn Utra
150* 100: 0 150.00 1500.00 218 -33.0 881?8/ Ester 95-5 95:5 119.56 1117.69

212 -42.0 l

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. Such oils when used as base
oils can be formulated with additives. Even if the additive or additives included
in the formulation contain sulfur and/or phosphorus the resulting formulated
lubricating oils will be lower or low SAPS oils as compared to lubricating oils

formulated using conventional mineral oil base stocks.

[0041] The lubricant of the present disclosure may have Group I-III oils as
second base stocks. Useful Group I-III base stocks have a Kvg (kinetic viscosity)
of greater than 3 ¢St to 5 ¢St. API Groups I, II, and III represent base stocks
typically refined from crude oil and are differentiated by viscosity index (VI),

saturation content, and sulfur content.

[0042] The specifications for the lube base oils are defined in the API
Interchange Guidelines (API Publication 1509) using sulfur content, saturates

content, and viscosity index, as follows:

Group Sulfur (ppm) Saturates (%) Viscosity Index (VI)
[ <300 <90 80-120
I <300 >90 80-120
II <300 >90 >120
v All Polyalphaoleins (PAOs)
v All Stocks Not Included in Groups [-IV

[0043] Manufacturing plants that make Group I base oils typically use solvents
to extract the lower viscosity index (VI) components and increase the VI of the
crude to the specifications desired. These solvents are typically phenol or furfural.
Solvent extraction gives a product with less than 90% saturates and more than 300

ppm sulfur. The majority of the lube production in the world is in the Group I

category.



SS150/ Ester 90-10 90: 10 97.87 869.11 207 -48.0 SS150/ Ester 80-20 80: 20

66. 31 533.70 201 -51.0 SS150 Ester 50-50 50:50 22.01 136.41 190 -48.0 Ester
C9 Cycl ohexanoate* 00: 100 3.70 16.70 115 42 0 * - not exanples of the
present disclosure

[0044] Manufacturing plants that make Group II base oils typically employ
hydroprocessing such as hydrocracking or severe hydrotreating to increase the VI
of the crude oil to the specifications value. The use of hydroprocessing typically
increases the saturate content above 90 and reduced the sulfur below 300 ppm.
Approximately 10% of the lube base oil production in the world is in the Group II
category, and about 30% of U.S. production is Group II.

[0045] Manufacturing plants that make Group III base oils typically employ
wax isomerization technology to make very high VI products. Since the starting
feed is waxy vacuum gas oil (VGO) or wax which contains all saturates and little

sulfur, the Group III products have saturate contains above 90 and sulfur content

below 300 ppm.

[0046] A detailed description of Groups I, II, and III base stock can be found in
“Synthetics, Mineral Oils and Bio-Based Lubricants, Chemistry and Technology”
Edited by L. R. Rudnick, published by CRC Press, Taylor & Francis, 2005, which

is incorporated herein by reference.

[0047]  The lubricant of the present disclosure may have other Group V co-base
stocks, such as esters. The esters of choice are dibasic esters (such as adipate
ester, ditridecyl adipate), mono-basic esters, polyol esters, including pentherythyol
(TMP esters), and phthalate esters. The alkylated aromatics of choice are
alkylbenzene, alkylated naphthalene and other alkylated aromatics such as
alkylated diphenylether, diphenylsulfide, biphenyl, and polyalkylene glycol. A
detailed description of suitable Group V base stocks can be found in “Synthetics,
Mineral Oils and Bio-Based Lubricants, Chemistry and Technology” Edited by
L. R. Rudnick, published by CRC Press, Taylor & Francis, 2005.

[0048]  The lubricant of the present disclosure may optionally include lube base
oil additives such as detergents, dispersants, antioxidants, anti-wear additives,
pour point depressants, viscosity index modifiers, friction modifiers, defoaming

agents, corrosion inhibitors, wetting agents, densifiers, fluid-loss additives, rust



[ 0062] Lube properties of the blend of SpectraSyn Utra 150 and C9

cycl ohexanoate ester are shown in Table 3. SpectraSyn Utra 150 is high

vi scosity index polyal phaolefin (PAO comercially available from
ExxonMbbi | Chenical . The data in the taBfe suggests that these two types of
base stocks are m scible in each other. The viscosity index (VI) of the

bl ends suggests that these bl ends have relatively high VI. The viscosity of
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with the viscosity change of a low VI fluid. practical consequence of
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in sonme applications. The presence of a VIl is often undesirabl e because
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was surprising and unexpected. The pour points of blends of SpectraSyn

Utra 150 and the C9-cycl ohexanoate esters in the ratio of 95:05, 90: 10,
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points are even |lower than original fluid. These fluids are very unique.
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exceptionally |low PP of -51C. Table 4 (Lube properties of blend of Visom
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construed as limiting.

EXAMPLES

Preparation of Esters

[0052] Three 1,2-cyclohexanedicarboxylic esters were synthesized by reaction
of 1,2-cyclohexanedicarboxylic anhydride and various (Co, Ci9, Cyp) alcohols.
The lube properties and product performance of these esters were evaluated to
develop structure-property-performance knowledge for these Gr. V base stocks.

The esterification synthesized is shown in the following reaction sequence:

o 0
135°C, 18 h O/w
0 + HO/\M: o n
TIOCH(CHs):ls SAOK

0 0

n=9, 10,12



3.87 16.21 137 -27.0 Visom Ester 95-5 95:5 3.69 16.03 118 -30.0 Vi som Est er
90-10 90:10 3.75 16.57 116 -30.0 Visom Ester 80-20 80:20 3.73 15.81 127
-36.0 Visonf Ester 50-50 50:50 3.64 15. 26%5126

Exemplary Ester # 1: Synthesis of Nonanyol Cyclohexane-1,2-dicarboxylate
(25304-34).

[0053] Cyclohexane dicarboxylic anhydride (30.9 g, FW. 154.2), 1-nonanol
(63.5 g, FW. 144.3) and titanium isopropoxide (0.28 g, FW. 284.2, 0.5 %) were
mixed in a 500 milliliter (ml) three-neck flask along with 100 ml xylene. The
solution was brought to reflux and kept stirring at 135°C to 140°C for 18 hours
with water condenser and Dean-Stark trap. 4.0 ml water was trapped after 5
hours. 4.1 ml water was trapped over 18 hours. Excess xylene was removed by
rotary-evaporator. Residual xylene and unreacted nonayol alcohol was removed
by vacuum oven at 5.0 mm Hg and 160°C. 87.6 g yellow viscous liquid was
obtained. The yield was 98.9 mole%. Product structure and purity were

confirmed by IR and GC-MS analysis.

Exemplary Ester # 2: Synthesis of Decanyol Cyclohexane-1,2-dicarboxylate

(25304-31).

[0054] Cyclohexane dicarboxylic anhydride (30.9 g, FW. 154.2), 1-decanol
(77.6 g, FW. 158.3) and titanium isopropoxide (0.28 g, FW. 284.2, 0.5 %) were
mixed in a 500 ml three-neck flask along with 100 ml xylene. The reaction was
brought to reflux and kept stirring at 135°C to 140°C for 18 hours with water
condenser and Dean-Stark trap. 4.0 ml water was trapped after 5 hours. 4.4 ml
water was trapped over 18 hours. Excess xylene was removed by rotary-
evaporator. Residual xylene and unreacted decanyol alcohol was removed by
vacuum oven at 5.0 mm Hg and 180°C. 92.5 g yellow viscous liquid was

obtained. The yield was 99.5 %. Product structure and purity were confirmed by

IR and GC-MS analysis.



-45.0 C Cycl ohexanoate ester* 00:100 3.70 16.70 115 -42.0 * - not

exanpl es of the present disclosure [0064] Lube properties of blend of Visom
and C9 cycl ohexanoate ester are shown in Table 4. Visom base stocks are
ExxonMbbi | s Vi som branded Group |11+ bd8e stocks. Visomis prinmarily

i so-paraffins as conpared to sone other G oup Il base stocks that nade
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wax i soner(2530i@v)and has high viscosity index because of its high paraffin
content. [0065] The data in the Table 4 suggest that the Visomand C9

cycl ohexanoat e ester base stocks are miscible in each other. The viscosity
i ndex (VI)[0865] he (hickotxanaghiembexyhatnhpdde K3@Ads Hd el Hel atindetanyl gh
VI. OQther inportant physical properties of Visom and ester, bl s are shown
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180°C. 92.0 g yellow viscous liquid was obtained. The yield was 93.7%.
Product structure and purity were confirmed by IR and GC-MS analysis.

[0056] The three esters in Examples 1 to 3 were evaluated for the following:
kinematic viscosities (Kv), viscosity (VI), pour point depressant (PPD)
temperature, and Noack volatility. Kinematic viscosity was measured according
to ASTM method D445. Viscosity index was measured according to ASTM
method D2270. Noack volatility was measured according to ASTM D5800. The

pour points are measured according to ASTM D 97. The results are set forth in

Table 1.
Table 1
(Lubricant properties of alkyl cyclohexyl 1,2-dicarboxylate esters)
Kvat | Kvat

Sample | 100°C | 40°C PPD | Noack
Sample # | Cyclohexanoate ID (cSt) (cSt) | VI | (°C) | (wt%)
Ester # 1 Co-Ester 25304-34 3.7 16.7 | 15 | -42 | 10.65
Ester # 2 Co-Ester 25304-31 4.1 19.8 | 08 | -21 -
Ester # 3 Ci,-Ester 25304-37 5.2 26.5 | 26 0 -

[0057] The viscosities of the neat esters are generally low. For example, the

polar Cy-ester has viscosity of 3.7 ¢St at 100°C and low pour point of -42 °C. The



(W% Kv 100C (cSt) Kv 40C (cSt) VI PP (C) PAO 6* 100:0 5.50 28.50 132
-54.0 PAQ Ester 95-5 95:5 5.63 30.20 127 PAQ Ester 90-10 90:10 5.51 29.22

127
-17 -

Noack volatility of the Cy-ester was found to be 10.65 wt%. The unique
combination of low viscosity and low volatility may be used to formulate engine
oils in which very low base stock viscosity (<5 ¢St at 100°C) may be required,

e.g., for greater fuel economy.

[0058] We found that cyclohexanoate esters are very effective polar co-base
stocks for PAO and GTL fluids and can be blended with these non-polar base
stocks to obtain clear and bright liquids from very low to very high

concentrations.

Examples of Blends of various PAO and cyclohexanoate esters and properties
thereof

[0059] Blend properties of various hydrocarbon base stocks like PAO, Group
II1, and cyclohexanoate esters are shown in Tables 2-7 below. The wt% ratios of
cyclohexanoate esters were blended with hydrocarbon fluids in various ratios,
such as 100:0, 95:05, 90:10, 80:20, 50:50 and 0:100. All the blend samples were
clear and bright, which suggests that these two types of base stocks are miscible in
each other. The viscosities, VI, and pour point temperatures are shown in the
tables. The test methods for Kv at 100°C (cSt) was ASTM D 445, for Kv at 40°C
(cSt) was ASTM D445, for viscosity index (VI) was ASTM D2270 and for pour
point (°C) was ASTM D97.



PAQ Ester 80-20 80:20 5.33 27.59 128 -57.0 PAO Ester 50-50 50:50 4.76 23.35
126 Ester Cl0 Cycl ohexanoate* 00:100 4.10 19.80 108 -21.0 * - not

exanpl es of the present disclosure [0067] Lube properties of blend of PAO 6
and the Cl0 cycl ohexanoate ester are shd in Table 5. This data suggests

that these two types of base stocks are m scible in each other.

The

viscosity index (VI) of the blends suggests that these bl ends have
properties of PAO and ester

relatively hi gh VI

Q her i nportant pljxégjecpl

bl ends are s St 20 bl end
was -57C, V\:hl 9\/%%013 eﬁﬁﬁsr ?Eﬁ)lﬁadé)ﬁ) A(% %bd%écff) C?&%}P%aﬁo v(cgﬁert%ﬁan t he
i ndi vi dual f IHeg¥ie
PAO 6/ Kv Kv VI PP
Cyclohexanoate | 100°C 40°C (°C)
Base Stock Type (wt%) (cSt) (cSt)
PAO 6* 100:0 5.50 28.50 132 -54.0
PAO/Ester 95-5 95:5 5.37 30.20 111 -59.7
PAO/Ester 90-10 90:10 5.48 29.86 120 -60.9
PAO/Ester 80-20 80:20 5.16 26.82 123 -60.9
PAO Ester 50-50 50:50 4.45 21.35 122 -54.0
Ester Cy 00:100
Cyclohexanoate* 3.70 16.70 115 -42.0
* - not examples of the present disclosure
[0060] Lube properties of blend of PAO 6 (SpectraSyn 6 polyalphaolefin of
ExxonMobil Chemical) and Cy cyclohexanoate ester are shown in Table 2. This

data suggests that the two types of base stocks are miscible in each other. The

viscosity index (VI) of the blends suggests that these blends have relatively high
VI. The viscosity of high-VI fluid changes less dramatically with change in
temperature compared with the viscosity change of a low-VI fluid. A practical
consequence of this property is that fluid may not be a viscosity index improver
(VII) in some applications. The presence of a VII is often undesirable because
many tend to be unstable toward shear. Once the VII begins to break down, the
fully formulated fluid goes “out of grade” (i.e., fails to retain the original viscosity
grade). Other important physical properties of PAO and ester blends are shown in
Table 2. All products have very low pour points. This property makes the fluid

very attractive in the cold-climate applications.

[0061] The pour point of PAO 6 was -54°C, while the pour point of C
cyclohexanoate ester was -42°C. The pour point of blends was surprising and
unexpected. The pour points of blends of PAO 6 and Cy-cyclohexanoate esters in
ratios of 95:05, 90:10, and 80:20 are shown in Table 2, last column. The blend

pour points are even lower than original fluid.



Tabl e 6

(Lube properties of blend of SpectraSyn Utra 150 and C10
cycl ohexanoate ester) Base Stock Type SpectraSyn Utra 150/ Cycl ohexanoate

(Wt9% Kv 100C (cSt) Kv 40C (cSt) VI PP (1C) SpectraSyn Utra 150* 100:0

150. 00 1500.00 218 -33.0 SS150/Ester 95

(Lube properties of blend of SpectraSyn Ultra 150 and

Table 3

Cy cyclohexanoate ester)

8-95:5 120.06 1130. 42

SpectraSyn Ultra 150/ Kv Kv
Cyclohexanoate 100°C 40°C PP

Base Stock Type (Wt%) (cSt) (cSt) VI (°C)
SpectraSyn Ultra 100:0

150* 150.00 | 1500.00 | 218 | -33.0

SS150/Ester 95-5 95:5 119.56 | 1117.69 | 212 | -42.0

SS150/Ester 90-10 90:10 97.87 869.11 | 207 | -48.0

SS150/Ester 80-20 80:20 66.31 533.70 | 201 | -51.0

SS150 Ester 50-50 50:50 22.01 136.41 190 | -48.0
Ester Cq 00:100

Cyclohexanoate* 3.70 16.70 115 | -42.0

* - not examples of the present disclosure

[0062]

cyclohexanoate ester are shown in Table 3.

Lube properties of the blend of SpectraSyn Ultra 150 and C,
SpectraSyn Ultra 150 is high
viscosity index polyalphaolefin (PAO) commercially available from ExxonMobil
Chemical. The data in the table suggests that these two types of base stocks are
miscible in each other. The viscosity index (VI) of the blends suggests that these
blends have relatively high VI. The viscosity of high-VI fluid changes less
dramatically with change in temperature compared with the viscosity change of a
low-VI fluid. A practical consequence of this property is that fluid may not act as
a viscosity index improver (VII) in some applications. The presence of a VII is
often undesirable because many tend to be unstable toward shear. Once the VII
begins to break down, the fully formulated fluid goes “out of grade” (i.e., fail to
retain the original viscosity grade). Other important physical properties of PAO

and ester blends are shown in Table 3. All products have very low pour points.

This property makes the fluid very attractive in cold-climate applications.

[0063] The pour point of SpectraSyn Ultra 150 was -33 °C, while the pour
point of the Cy cyclohexanoate ester was -42 °C. The pour point of blends was
surprising and unexpected. The pour points of blends of SpectraSyn Ultra 150

and the Co-cyclohexanoate esters in the ratio of 95:05, 90:10, 80:20 and 50:50 are



211 SS150/Ester 90-10 90: 10 98.80 893.64 206 SS150/Ester 80-20 80: 20
62. 87 485.50 204 -48.0 SS150 Ester 50-50 50:50 23.25 143.95 192 Ester C9

Cycl ohexanoat e* 00: 100 4.10 19.80 108 %% 0

shown in Table 3, last column. The blend pour points are even lower than
original fluid. These fluids are very unique. For example, the fluid of blend

80:20 has very high VI of 201 with exceptionally low PP of -51°C.

Table 4
(Lube properties of blend of Visom and
Cy cyclohexanoate ester)

Visom/ Kv Kv
Cyclohexanoate | 100°C | 40°C PP

Base Stock Type (Wt%) (cSt) (cSt) VI (°C)

Visom* 100:0 3.87 16.21 137 -27.0

Visom/Ester 95-5 95:5 3.69 16.03 118 -30.0

Visom/Ester 90-10 90:10 3.75 16.57 116 -30.0

Visom/Ester 80-20 80:20 3.73 15.81 127 -36.0

Visom/Ester 50-50 50:50 3.64 15.26 126 -45.0
Cy Cyclohexanoate

ester* 00:100 3.70 16.70 115 -42.0

* - not examples of the present disclosure

[0064] Lube properties of blend of Visom and Cy cyclohexanoate ester are
shown in Table 4. Visom base stocks are ExxonMobil’s Visom branded Group
I+ base stocks. Visom is primarily iso-paraffins as compared to some other
Group IIT base stocks that made from hydrocracker bottoms that may content
significant naphthene. Visom is essentially slack wax that has been upgraded to
base stock with high V.., low volatility and good cold-cranking properties.
Visom is created through wax isomerization and has high viscosity index because

of its high paraffin content.

[0065] The data in the Table 4 suggest that the Visom and Cy cyclohexanoate
ester base stocks are miscible in each other. The viscosity index (VI) of the
blends suggests that these blends have relatively high VI. Other important

physical properties of Visom and ester blends are shown in Table 4. All products



* - not exanples of the present disclosure [0069] Lube properties of blend
of SpectraSyn Utra 150 and C10 cycl ohexanoate ester are shown in Table 6.
SpectraSyn Utra 150 is high viscosity index polyal phaol efin (PAO
comercial ly avail abl e from ExxonMobi | -@henical. The data in the table
suggest that these two types of base stocks are miscible in each other. The
viscosity index (VI) of the blends was very high. The viscosity of a
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original viscosity grade). [007Q] The pour point o he SpectraSyn Utra 150
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fluid of the blend 80:20 has very high VI of 204 with |ow PP of -48C. Table
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Stock Type Visomi C to Cycl ohexanoate (wt% Kv 100C (cSt) Kv 40C (cSt) VI PP
(O Visonr 100:0 Table 5

able

(Lube properties of blend of PAO 6 and
Cyo cyclohexanoate ester)

PAO 6/ Cm Kv Kv
Cyclohexanoate 100°C 40°C PP

Base Stock Type (Wt%) (cSt) (cSt) VI (°C)

PAO 6* 100:0 5.50 28.50 132 -54.0
PAO/Ester 95-5 95:5 5.63 30.20 127
PAO/Ester 90-10 90:10 5.51 29.22 127
PAO/Ester 80-20 80:20 5.33 27.59 128 -57.0
PAO Ester 50-50 50:50 4.76 23.35 126

Ester Cy
Cyclohexanoate* 00:100 4.10 19.80 108 -21.0

* - not examples of the present disclosure

[0067] Lube properties of blend of PAO 6 and the C,, cyclohexanoate ester are
shown in Table 5. This data suggests that these two types of base stocks are
miscible in each other. The viscosity index (VI) of the blends suggests that these
blends have relatively high VI. Other important physical properties of PAO and

ester blends are shown in Table 5.

[0068] The pour point of PAO6 was -54°C, while pour point of Cy
cyclohexanoate ester was -21°C.  The pour point of the PAO6 and



3.87 16.21 137 -27.0 Visonm Ester 95-5 95:5 3.82 15.70 141 Visoni Ester
90-10 90:10 3.79 15.65 138 Visom Ester 80-20 80:20 3.78 16.05 129 -30.0
Vi som Ester 50-50 50:50 3.82 15.95 136

Co-cyclohexanoate ester 80:20 blend was -57°C, which was surprising and

unexpected as it was lower than the individual fluids.

Table 6
(Lube properties of blend of SpectraSyn Ultra 150 and
Cyo cyclohexanoate ester)

SpectraSyn Ultra 150/ Kv Kv
Cyclohexanoate 100°C 40°C PP
Base Stock Type (Wt%) (cSt) (cSt) VI (°C)
SpectraSyn Ultra 100:0
150%* 150.00 | 1500.00 | 218 | -33.0
SS150/Ester 95-5 95:5 120.06 | 113042 | 211
SS150/Ester 90-10 90:10 98.80 893.64 | 206
SS150/Ester 80-20 80:20 62.87 485.50 | 204 | -48.0
SS150 Ester 50-50 50:50 23.25 143.95 192
Ester Cq 00:100
Cyclohexanoate* 4.10 19.80 108 | -21.0

* - not examples of the present disclosure

[0069] Lube properties of blend of SpectraSyn Ultra 150 and C
cyclohexanoate ester are shown in Table 6. SpectraSyn Ultra 150 is high
viscosity index polyalphaolefin (PAO) commercially available from ExxonMobil
Chemical. The data in the table suggest that these two types of base stocks are
miscible in each other. The viscosity index (V1) of the blends was very high. The
viscosity of a high-VI fluid changes less dramatically with change in temperature
compared with the viscosity change of a low-VI fluid. A practical consequence of
this property is that fluid may not be a viscosity index improver (VII) in some
applications. The presence of a VII is often undesirable because many tend to be
unstable toward shear. Once the VII begins to break down, the fully formulated

fluid goes “out of grade” (i.e., fail to retain the original viscosity grade).

[0070]  The pour point of the SpectraSyn Ultra 150 was -33°C, while pour point

of the Cy, cyclohexanoate ester was -21°C. It was surprising and unexpected that
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significant naphthene. Visom is essentially slack wax that has been upgraded to

base stock with high V.I., low volatility and good cold-cranking properties.

[0072]

The data in the table suggests that these two types of base stocks are

miscible in each other. The viscosity index (VI) of the blends suggests that these

blends have relatively high VI. Other important physical properties of Visom and

ester blends are shown in Table 7.

[0073]

The pour point of Visom was -27°C, while pour point of Ci

cyclohexanoate ester was -21°C. It was surprising and unexpected that the pour

point of Visom and Cj-cyclohexanoate ester 80:20 blend was -30°C, which is



(Lube properties of GIL and cycl ohexanoate ester (DI NCH) bl ends) Base Stock
Type GIL/ DINCH wt % Kv 100C (cSt) Kv 40C (cSt) VI PP (C Aniline Point (C
GIL * 100:0 6.1 29.7 145 -18 130.1 GTL/I%iter 95-5 95:5 5.9

lower than the individual fluids. Thus, this exemplary blend data demonstrates
that unique blends can be prepared from hydrocarbon fluids and cyclohexanoate

esters.

Examples of Blends of GTL fluid and cyclohexanoate esters and properties
thereof

[0074] The wt% ratios of GTL fluid and cyclohexanoate ester (DINCH ester)
are given in Table 8 below. The first and last samples (GTL and DINCH ester)
are neat base stocks. The remaining samples are 5%, 10%, 20% and 50% DINCH
ester blended with GTL fluid. All the blend samples were clear and bright
suggesting that these two types of base stocks are miscible in each other. The
viscosities, VI, pour point (PP) temperature, and aniline point results are shown in
Table 8. The test methods for Kv at 100 °C (cSt) was ASTM D445, for Kv at
40°C (cSt) was ASTM D445, for viscosity index (VI) was ASTM D2270 and for
pour point (°C) was ASTM D97. Aniline points are measured using ASTM D611.
Aniline points are widely used as indicators of lubricant polarity. The aniline
point measures the temperature at which equal amount of test oil and aniline
becomes completely miscible. It is a good indicator of fluid polarity. Usually, a
higher aniline point indicates a lower fluid polarity for fluids of comparable
viscosity. The aniline point of GTL fluid was 130.1, while aniline points of neat
cyclohexanoate ester was 0. As the proportion of ester increases, aniline point

decreases.

[0075] This data suggests that these two types of base stocks are miscible in
each other and polarity of the blend can be improved without affecting VI of the
products. The cyclohexanoate ester has very low viscosity of 3.94 ¢St at 100°C
and has very low pour point of -60.6°C. The viscosity index (VI) of the
cyclohexanoate ester was low (57) while the VIs of blends were quite high. Thus,
using the blending approach of the present disclosure, one can get a fluid with

high viscosity.



29 143 -12 125.9 GIL/Ester 95-10 90:10 5.7 27.8 142 -15 122.2 GIL/ Ester
95-10 80:20 5.5 26.55 140 -36 113.7 GIL/Ester 95-50 50:50 4.8 23.2 121 -24
82.4 DINCH * 0:100

225-
Table 8
(Lube properties of GTL and cyclohexanoate ester (DINCH) blends)
GTL/ Kv Kv Aniline
DINCH | 100°C | 40°C PP Point
Base Stock Type wt% (cSt) (cSt) VI (°C) (°C)
GTL * 100:0 6.1 29.7 145 -18 130.1
GTL/Ester 95-5 95:5 5.9 29 143 -12 125.9
GTL/Ester 95-10 90:10 5.7 27.8 142 -15 122.2
GTL/Ester 95-10 80:20 5.5 26.55 140 -36 113.7
GTL/Ester 95-50 50:50 4.8 23.2 121 -24 82.4
DINCH * 0:100 3.9 20.35 57 -60.6 0

* - not examples of the present disclosure

Examples of Blends of Group I fluid and cyclohexanoate esters and properties
thereof

[0076]

in Table 9 below. The first and last samples (Group I and Cy cyclohexanoate

The wt% ratios of Group I fluid and Cy cyclohexanoate ester are given

ester) are neat base stocks. The middle sample is 80:20 blend of Group I and Cy
cyclohexanoate ester. The blend sample was clear and bright suggesting that
these two types of base stocks are miscible in each other. The viscosities, VI, and
pour point (PP) temperature are shown in Table 9. This data suggests that these
two types of base stocks are miscible in each other and VI of group I can be

improved.

Table 9
(Lube properties of Group I fluid and cyclohexanoate ester of Example 1 blend)

Group I/ Kv Kv
Cy Cyclohexanoate 100°C 40°C PP
Base Stock Type (Wt%) (cSt) (cSt) VI °C)
Group-I* 100:00 4.05 20.78 92 -15.0
Group I/Ester 80-20 80:20 3.98 19.20 104 -18.0
Cy Cyclohexanoate* 00:100 3.70 16.70 115 -42.0

* - not an example of the present disclosure




3.9 20.35 57 -60.6 0 * - not exanples of the present disclosure Exanples
of Blends of Goup | fluid and cycl ohexanoate esters and properties thereof
100761The mt % ratios of Goup | fluid and C9 cycl ohexanoate ester are given
in Table 9 below. The first and |ast sadpres (Group | and C9 cycl ohexanoate
ester) are neat base stocks. The mddle sanple is 80:20 blend of G oup |
and C9 cycl ohexanoate ester. The bl end sanple was clear and bri ght
suggest i NgpLhab|dsNesBIditR dYOFS P IARE afd QGKRMRKENSHIE CsRYE ahll fBpERENeT .
The vi scosjtles, VI, and pour point (PP) Tehperature are shown Tn-Table 9.
This data ?nﬁgzsts that these two types of base stocks are m scible in each
other and VI of group | can be inproved. Table 9 (Lube properties of G oup
| fluid angogyf! ohgwaneatiaties beGrolp EXATRI fndlChleobbhexiAP edter &R given
Cycl ohexanoat e Kv 100C Kv 40C PP Base Stock Type (wt% (cSt) (cSt) VI (O
in Table 10 below. The first and last samples (Group II and Cy cyclohexanoate

ester) are neat base stocks. The middle sample is 80:20 blend of Group II and C,
cyclohexanoate ester. The blend sample was clear and bright suggesting that
these two types of base stocks are miscible in each other. The viscosities, VI, and
pour point (PP) temperature are shown in Table 10. This data suggests that these

two types of base stocks are miscible in each other and VI of group II can be

improved.

Table 10
(Lube properties of Group II fluid and cyclohexanoate ester of Example 1 blend)
Chevron Group 11/ Kv Kv

Cy Cyclohexanoate | 100°C 40°C PP

Base Stock Type (wt%) (cSt) (cSt) VI (°C)
Chevron Group-II* 100:00 6.50 43.00 98 -12.0
Group II/Ester 80-20 80:20 6.10 38.62 103 -18.0
Cy Cyclohexanoate* 00:100 3.70 16.70 115 -42.0

* - not an example of the present disclosure

[0078]  Applicants have attempted to disclose all embodiments and applications
of the disclosed subject matter that could be reasonably foreseen. However, there
may be unforeseeable, insubstantial modifications that remain as equivalents.
While the present disclosure has been described in conjunction with specific,
exemplary embodiments thereof, it is evident that many alterations, modifications,
and variations will be apparent to those skilled in the art in light of the foregoing
description without departing from the spirit or scope of the present disclosure.
Accordingly, the present disclosure is intended to embrace all such alterations,

modifications, and variations of the above detailed description.



G oup-1* 100:00 4.05 20.78 92 -15.0 G oup I/Ester 80-20 80:20 3.98 19. 20
104 -18.0 C9 Cycl ohexanoate* 00:100 3.70 16.70 115 -42.0 * - not an
exanpl e of the present disclosure - 26 - Exanples of Blends of Goup Il
fluid and cycl ohexanoate esters and propérties thereof [0077] The wt % rati os
of Goup Il fluid and C cycl ohexanoate ester are given in Table 10 bel ow.
The first and |ast sanples (Goup Il and C9 cycl ohexanoate ester) are neat
base stock e mgd np i . bl ngk ;

cycl ohexan@é’téi]est%el?. b&ﬁg%bl J[ee% érggrg?%%\%’/as C eda%?ergl(g}b%rn} ééﬁtsa glaéaseg?rielnn@ t hat
these two in)éhﬁﬁn@%rhﬁﬁ? &uekantar gemMski Modrporagac by aehgencellbe thé sxesgitt i es,
VI, and pour point (PP) tenperature are shown in Table 10. This data
suggest s thwh dikdssurevie noy peconsistérdswith thiskdisdpsurgiandi forr alli jurisditions her and
VI of group, |l cap . be inproved. Table 10 (Lube properties of Goup II
fluid and wptqho%ﬁaﬂmeraégqnéﬁ PSFMEEthpl e 1 bl end)

[0080] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated. All
numerical values within the detailed description and the claims herein are
modified by “about” or “approximately” the indicated value, and take into account
experimental error and variations that would be expected by a person having

ordinary skill in the art.



Chevron Group 11/ C9 Cycl ohexanoate Kv 100C Kv 40C PP Base Stock Type
(wt9% (cSt) (cSt) VI (C Chevron Goup-11* 100:00 6.50 43.00 98 -12.0 G oup

|1/ Ester 80-20 80:20 6.10 38.62 103 -18.0
-28-

CLAIMS:

1. A lubricant comprising: a first base stock of one or more alkyl
cyclohexyl 1,2-dicarboxylate esters at 1 wt% to 50 wt% based on the total weight
of the blend, and a second base stock at 99 wt% to 50 wt% based on the total
weight of the blend, wherein the second base stock is chosen from one or more Cg
to Cys poly-a-olefins wherein the pour point of the lubricant is 0 to 15°C lower

than the pour point of the first base stock and the second base stock.

2. The lubricant of claim 1, wherein the one or more alkyl cyclohexyl
1,2-dicarboxylate esters are present at 2 wt% to 25 wt% and the one or more Cq to

Ci6 poly-a-olefins at 98 wt% to 75 wt%.

3. The lubricant of claim 1, wherein the one or more alkyl cyclohexyl
1,2-dicarboxylate esters are chosen from di(n-hexyl) 1,2-
cyclohexanedicarboxylate, di(n-heptyl) 1,2-cyclohexanedicarboxylate, di(n-octyl)

1,2-cyclohexanedicarboxylate, di(n-nonyl) 1,2-cyclohexanedicarboxylate, di(n-

decyl) 1,2-cyclohexanedicarboxylate, di(n-undecyl) 1,2-
cyclohexanedicarboxylate, diisopropy! 1,2-cyclohexanedicarboxylate,
dicyclohexyl 1,2-cyclohexanedicarboxylate, diisoheptyl 1,2-

cyclohexanedicarboxylate, di(2-cthylhexyl) 1,2-cyclohexanedicarboxylate,
diisononyl 1,2-cyclohexanedicarboxylate, di(3,5,5-trimethylhexyl) 1,2-
cyclohexanedicarboxylate, di(2,6-dimethyl-4-heptyl) 1,2-
cyclohexanedicarboxylate, diisodecyl 1,2-cyclohexanedicarboxylate, diisoundecyl

1,2-cyclohexanedicarboxylate, and combinations thereof.

4. The lubricant of claim 1, wherein the one or more alkyl cyclohexyl
1,2-dicarboxylate esters are chosen from di(n-nonyl) 1,2-
cyclohexanedicarboxylate, di(n-decyl) 1,2-cyclohexanedicarboxylate, di(n-

undecyl), diisononyl 1,2-cyclohexanedicarboxylate, di(3,5,5-trimethylhexyl) 1,2-



C9 Cycl ohexanoate* 00:100 3.70 16.70 115 -42.0 * - not an exanple of the
present disclosure [0078] Applicants have attenpted to discl ose al

enbodi ments and applications of the disclosed subject matter that could be
reasonably foreseen. However, there may2be unforeseeabl e, insubstanti al
nodi fications that remain as equivalents. Wile the present disclosure has
been described in conjunction with specific, exenplary enbodi nents thereof,

it is evid ations, nogi$ kcatd AL riati ons wl.l be
appar ent t%l%%és%hgg???bﬁylﬁﬁé’t he art inﬁké’gh(?moe?g?h%%?@yggoi ng desc\gv’:zpti on
wi t hout depaibhdd@ntdiRBrbdxg 18] diidodetylSEoRrs cthekhreditfaboORY a8, Stilsoandecyl
Accordingly, the present disclosure is intended to enbrace all such

al t er at i onk,2-oyetolfaxanedioaboxatade, eadi ambinsgtiofs theeeddbove det ai | ed
description. -27 - [0079]All patents, test procedures, and other docunents
cited herein, including priority docunents, are fully incorporated by
reference to thg ext i u i of. | Qconsi it h i

di scl osure and for aﬁ}é 11130&?‘%8?8? I%La?]@l i’ﬁWf\}\%leL}h{hse u(%ﬁe ?ﬁ@?&%?ﬁaﬁ%ﬁ plto@r B-

per mi t t ed. o[AAS QBRI A YFBRH iRt mERVWR copb ik Srs 3T -RékEe] ¢aHeputReN -ddtéid, s are
listed herein, ranges fromany lower [imt to any upper limt are

cont enpl at baonéhd, hdeeerics al-unddéaens, W-dddecend)el detraddcene,dbdexigtdenn, and t he
clainms herein are nodified by "about" or "approxinately"” the indicated

val ue, andccamiiaatippothgeedfunt “ experimental error and variations that woul d
be expected by a person having ordinary skill in the art. - 28 - CLAI M

1. Alubricant conprising: a first base stock of one or nore al kyl

cyct ohexyl 1, 2-ll carpRXyliH@nPRIreIfntl, uthald dinBlsitbpPAaofloP s i1st gt al
wei ght of the blend, and a second base stock at 99 %to 50 wt % based on
the total meitghtafwéipkt of girthlendiesfoorne dthmose additivbashosinoftkm detelpeney) from
one or nore C6 to Cl6 poly-a-olefins wherein the pour point of the

| ubri cant dispaysands,1STiOod@Rtss BAR-WERE @ﬁdmvgiaimuropomhedpepm%anugay@@sl&k and
t he second hase st.ock. . .. 2. The lubricant of claiml1, wherein, the one
o ror e alTRGF CyOX DRy fistion ginaih By 1 G460 BuE, afcalt "bisodlin HbhGRye o
25 wt % an Q ~ A0 I 1S 9 : %

5. The | ubyy g ieptt BRERiES, ARUENSs RSPkt BFbREr: e S Bings

1, 2-di car hhyebait e esters are chosen from di (n-hexyl) 1, 2-

cycl ohexanedi car boxyl ate, di(n-heptyl) 1,2-cycl ohexanedi carboxyl ate,

di (n-octyl) 1, 2-cycl ohexanedi car boxyl ate, di (n-nonyl)

1, 2-cycl ohexanedi car boxyl at e, di ecyl 1, 2-cycl ohexanedi r boxyl at e,
di (n- ﬁndecyl ) 1-2- The lubricant 0% gf;?m K V)vherelzn the lugplcant isa fu%rlbcan%/ oil, an

& cyol onolpte SRR Rl BB ARatac aff CBRESESI L 5. ™ ®

8. A method of making a lubricant blend comprising:

providing a first base stock of one or more alkyl cyclohexyl 1,2-
dicarboxylate esters at 1 wt% to 50 wt% based on the total weight of the blend,
and a second base stock at 99 wt% to 50 wt% based on the total weight of the
blend, wherein the second base stock is chosen from one or more Cg4 to Cj4 poly-
a-olefins, and

blending the first base stock and the second base stock to form a
lubricant blend, wherein the pour point of the lubricant blend is 0 to 15°C lower

than the pour point of the first base stock and the second base stock.



cycl ohexanedi car boxyl at e, di (2- et hyl hexyl )1, 2- cycl ohexanedi car boxyl at e,
di i sononyl 1, 2- cycl ohexanedi car boxyl ate, di (3,5, 5-tri net hyl hexyl )1, 2-
cycl ohexanedi car boxyl ate, di (2, 6-di nmethyl-4-heptyl) 1, 2-

cycl ohexanedi car boxyl ate, diisodecyl 1,20eycl ohexanedi carboxyl at e,

di i soundecyl 1, 2-cycl ohexanedi carboxyl ate, and conbi nati ons thereof.
4. The lubricant of claiml, mherein the one or nore al kyl cycl ohexyl

1, 2-di carboxyl at eest?;sareggo&g {5? i(llgléﬂo@ylv) réh_the one, or JTgEe, alkazl(n_

cycl ohexanedi car boxy r(n- cYcIo exanedi car box

undecyl) @'}'/dlé W1, 2-HicAross) 1&@%%@&%@@@@%@%%%@3 L R1% atnﬁltﬁebhwd@exyl)
1, 2- - cycl ohexanedi cdr boxyl at e, di (2, 6- di met hyl- 4- heptyl )1, 2-

cycl ohexanmd»re:@gh)@fy& poly-o-aileode Q8 wi%e2zecAbcwPhexanedi car boxyl at e,
di i soundecyl 1, 2-cycl ohexanedi carboxyl ate, and conbi nati ons thereof.
5. The | ubricant of claim1l1, wherein the one or nore C6 to Cl16
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di spersants, antioxidants, anti-wear additives, @;)ur poi nt depressant S,

viscosity l.Acw® nedicarbokylate.i e eh.2-Cy6 C ylate.c sion
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oil, an endgine ol red met h Ing a cant

bl end conpdic$¢1BHEexyl 1,2-cyvlehexdhedicarboxyidte base stisdheptylone or1jpere
al kyl cycl ohexyl 1, 2- dicarboxylate esters at 1 wt%to 50 w % based on the

total wei gmclcdfextahedlbarém)etylaémd ads(ée@hwlmsfs stdc%catsloggxan%wbemym%
based on the tot ht of the d wher ei eco sto is
chosen fr S(S’H@ng]r g l%chSX@l 9§Y]6Feef| n lége%l'%mmet el) bl eiél ng
the first second bas f ubr| cant end,
wherein th@’%%’gl&?‘%%%&ﬁﬁ@%f‘ g’&ﬁé | ubri cantﬁg%géﬁﬁhlleg&d—@hgﬁ%g | ower tha?fbt he
pour poi ntcy‘éioﬁe&ﬁnédlﬁ%okﬁlﬁa@e diRelednd 2%‘90&9&&@1@6&@&@0%@% diisousdecyl 9- The
met hod of ¢laim 8, wherein the one or noré al kyl cycl ohexyl

1, 2- di car bigRydyatoheastatisarhoryjates aadtcoatbifatidi¥ thoredd. wt % and t he one or nore

C6 to Cl6 poly-a-olefins at 98 w%to 75 wt % 10. The method of claim
8, wherein the one or nore al kyl cycl ohexyl 1,2-dicarboxylate esters are

h f di (n-h 1) 1,.2- h di | at - tyl
5 oyl ohexanchicar HiskyIeHRes SHRIAEE PPN e ohE et afelrfisiitet,
di (n-nonylyp > L Z; Bgfylg{}exan&%lgar boyy! at %hof@n( ndefrkﬂh)) di(n-nonyl) 1,2-
1, 2- cyclohéxaneélcar oxyl ate, di (n-undecyl

cyclohexangdkﬁ@kb@%hb@b@xﬁk&@opﬂqnwk&yb-cﬂgﬁ@hekmmedmmheabnxybma, di(n-
di cycl ohexyl 1, 2- cycl ohexanedi car boxyl at e, di i sohept

cycl ohexanadeerh.haisinony] dl,%-zyebhyxﬁ@dwayrhowlesﬁe|de&3e§<énféenethyl@@%yl)at 8;
cyclohexanedicarboxylate, di(2,6-dimethyl-4-heptyl) 1,2-
cyclohexanedicarboxylate, diisodecyl 1,2-cyclohexanedicarboxylate, diisoundecyl

1,2-cyclohexanedicarboxylate, and combinations thereof.

12. The method of claim 8, wherein the one or more Cq to Cy4 poly-a-
olefins are chosen from polymers or copolymers of 1-hexene, 1-heptene, 1-octene,
I-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tetradecene, 1-hexadecene, and

combinations thereof.



di i sononyl 1, 2- cycl ohexanedi car boxyl at e, di (3, 5, 5-tri nmet hyl hexyl) 1, 2-

cycl ohexanedi car boxyl ate, di (2, 6-di nethyl-4-heptyl) 1, 2-

cycl ohexanedi car boxyl ate, diisodecyl 1, 2-cycl ohexanedi carboxyl ate,

di i soundecyl 1, 2-cycl ohexanedi car boxyl aBk; and conbi nati ons thereof. 11.
The met hod of claim@8, wherein the one or nore al kyl cycl ohexyl

1, 2-di carboxyl ate esters are chosen fromdi (n-nonyl) 1, 2-

e cnexanestcar gt ( SRGH A ABISTAARENERE O s

di (nundecyl ), dii'sonon I car

di (3,5, 5- tpdseBtdlY kiexoth) woight 6 thO bR 6f bPxibRt &dditives chosen from
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1, 2- cycl ohdetampedisc aidpexsanss, entidkidnats) datywedr, 2dditives e peditcdefrossants, e,
and conbi nations thereof. 12.. The nmethod of claim8, wherein the one
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di sper santsoclamid thd daohd bagnitockvemforaddilibriesit bpemdc poi nt depressant s,
viscosity index nodifiers, friction nodifiers, defoam ng agents, corrosion
inhibitors, wetting agents, densifiers, fluid-loss additives, rust

i nhi bitors and conbi nations thereof, and blending the one or nore additives

with the first base stock and the second base stock to forma | ubricant
bl end.



