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The present invention relates to diesel engine lubricating oils and
to the control of soot induced viscosity increase of the |ubricating
used in such engines. DESCRI PTION OF THE RELATED ART [2] Internal
conbustion engi nes function by the conbustion of fuels which in turn
generate the power needed to propel vehicles. In the case of a diesel
engi ne, the fuel is a diesel fuel and thz conbusti on t her eof
genérally results in em ssions fromthe exhausts of such vehicles

whi ch conprise three main conponents. These are:
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cylinder wall which is drawmn down into_ the |ubrjicant wth
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cont rol | e@nsiitd) thd Beltiba dikelifaehand tiRycombiition itickeogénerglindesiilis in
order to maintain its expected performance and to enabl e- qui ck and

cl ean dr aiemigsions from the gxkhansts of syck sebicleswhiglogompeise ghiegrnein of
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convenience). To alleviate environmental concerns, research is ongoing to

soot and particul ate
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reduce the levels of these emissions. NOx emission can be reduced by lowering
the temperature at which the fuel is combusted in the engine. Typically this is
achieved by retarding the combustion, i.e., by injecting the fuel shortly afier the
peak temperature is reached in the cylinder. However, this retarded combustion
has the disadvantage that it causes more soot to accumulate in the engine
Jubricant partly due to incomplete combustion of the fuel because of the lower
combustion temperature, and partly due to increased soot deposition on the
cylinder wall which is drawn down into the lubricant with the downward stroke
of the piston. The presence of soot in the lubricant has the adverse affects of
causing viscosity increase and accelerated wear, It is important that soot
induced viscosity increase be controlled such that the lubricant stays within
viscosity grade in order to maintain its expected performance and to enable -

quick and clean drainage of the engine during servicing.

[003) The formation of soot may be alleviated to a significant extent by

operating the diesel engine at relatively higher temperatures. However, the



hi gher tenperatures whilst mtigating the formati on of soot also
resul t i nwoheo7iaéesat i on of increased anpbunts of NOx. |f pcCrasescengr7ehe
engi ne tenperature is | owered, inconplete conbustion ensues and
whil st this reduces the anmount of NOx formed ip the em ssions, it

al so substantially increases the anount of soot generated. The soot
so formed can manifest itself in tw ways. It can either appear as a
t hi ck bl ack snoke emtted fromthe exhaust of the vehicle or can be
accunul ated in the engine lubricant. As_jhe soot builds up in the
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a critical value can cause gelation of the lubric
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rel ati onsiwopodrefzessen t hi ckening ability attributabl e topdirasesi7toy7767
Modi fier and the GIL content of the base oil. [10] Figure 3 shows
the interrelationship between % viscosity increase due to soot and
the thickening ability attributable to the viscosity nodifier at
different OTh levels in the base oil. DESCRI PTI ON OF THE | NVENTI ON
[11] The present invention is directed to a nethod for controlling

t he soot induced viscosity increase of nventional / m neral oi
derived base oil lubricating oil used in diesel engines while not
adversely affecting the V|5005|t%unnd|f ying _ effect of viscosity
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based on e tota ase” ol | he soot i nduced VISCOSIty i ncr ease of
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2007/ 12695008}/ US2@Doparatbinic base stocks, however, are advantageous in soot
control for diesel engine lubricants. Lower soot-induced viscosity increase and
lower soot-induced wear are observed for diesel engine lubricants with higher
saturate contents. In addition, GTL base oils are essentially sulfur-free, which is
highly desirable for the next generation engine lubricants such as GF-5 and
PC-10. In these new engine lubricant categories, a maximum sulfur level is
defined for improved compatibility with new low emission engines equipped

with aftertreatment devices.

[007] It would be advantageous if a way could be found to reduce the soot
induced viscosity increase experienced in diesel engine lubricating oils during
use while not negatively affecting the desired viscosity modifying effect of
polymeric viscosity modifier which are normally added to diesel engine

lubricating oils without the need of employing cosolvents.

DESCRIPTION OF THE FIGURES
[008] Figure 1 shows the relationship between % viscosity increase due to
soot.and the GTL content of the base oil,



dewaxed base stock(s) or base oil(s) in the anount indicated to the
convent i omel2prei2eezeuni m neral oil derived base stock(spcarushewmor7eé7
oil(s) results in a base oil which exhibits both the ability to
control soot induced viscosity increase while not adversely affecting
the desirable viscosity nodifying effect of polyneric viscosity

nodi fiers which are deliberately added to the diesel engine

| ubricating oil formulation. [014] Thus the present invention is
directed to a nethod for controlling sop;_induced vi scosity increase
in diesel engine lubricating oil during use by using as the diesel
engi ne lubricant an oil fornulation conprising a base stock or base
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[013] Ithas been discovered that the addition of the GTL base stock(s) and/or

base oil(s) and/or hydrodewaxed or hydroisomerized/catalytic (or solvent)



[19] Suitable viscosity index inprovers include high nol ecul ar wei ght
(pol yner iwd 2byainessar bons, pol yesters and vi scosity i ndercrgzearen7767
di spersants that function as both a viscosity index inprover and a

di spersant. Typical nolecular weights of these polyners are between
about 10,000 to 1,000,000, nore typically about 20,000 to 500, 000,
and even nore typically between about 50,000 and 200, 000. [ 20]
Exanpl es of suitable viscosity index inprovers are polyners and

copol yners of nmethacrylate, butadiene, olefins, or alkylated
styrenes. A suitable viscosity index i rrpr over is polynethacrylate
(copol yners of various chain length alk met hacryl ates, for

exanpl e), dewmd basuﬂtack(n)grduasmllés) inl oamwé indicptag totbe sonventional
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| base stock or base oil has a sulfur content of about 0.2 wt% sul fur

or base, 5] preheGIL basbetsckys)lindibPbasd 4il(s) and/ardydredewaxardt er
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natural wax or waxy feeds, mneral and or non-mneral oil waxy feed

stocks suqo1ef siThe kohﬁéﬁﬁonﬂ%i&tfcﬂbuuﬁrxﬁserahoﬂ deaivedtiase lstockunthbase oil is
gas oils, waxy fuels hydrocracker bottons, waxy raffi
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www.APLorg) to create guidelines for lubricant base oils Group I base stocks
generally have a viscosity index of between about 80 to 120 and contain greater

than about 0.03 wi% sulfur and less than about 90 wt% saturates, Group II base

(S)

stocks generally have a viscosity index of between about 80 to 120 and contain

less than or equal to about 0.03 wt% sulfur and grater than or equal to about 90



a) "wax" - hydrocarbonaceous material having a high pour point,

typi cal | ywexbetrizesysas a solid at roomtenperature, i.e. Pcatusace7/007767
tenperature in the range from about 15C to 25C, and consi sting

predom nantly of paraffinic materials; b) "paraffinic" nmaterial: any
saturated hydrocarbons, such as al kanes. Paraffinic materials may

i nclude linear al kanes, branched al kanes (isoparaffins), cycloal kanes
(cycl oparaffins; nono-ring and/or nmulti-ring), and branched
cycl oal kanes; c¢) "hydroprocessing”: a refining process in which a

f eedstock is heated with hydrogen at high tenperature and under
pressure, commonly in the presence of a catalyst, to renove and/or
convert |wil% siderates| Fhe onpventinmaliniheral il devived base stockwrdase oiluesed
d) "hydrojreating": .a catal ytic,hydrogenation pt ss L hat conv
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i sopar af f base 4il eRhibityekiteendtiowissosity at pOOUE &3 throrasigel of atemhiErtionkdt a
subsequent additional wax renoval step to ensure that the final oil
pr oduct (HHB%/Sstock or base oil) has the desired product pour point);

g) "hydrocracking": a catalytic process in which hydrogenation .
acconpani f¥7%lhe Theokesegt imvepiion istalsndisectedde acdiedr)pngine fpbricating oil

ti h I hyd b ' | i aht h
Converti niprrdattn cORISRE 2 et Ponte e ARRNE I 98 B0g, Bleferaly
non-cycl | st&m?m;wo Redoaf flohe %éfbrémy%adﬁwxb 80 wt%&fbne or more GTL
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| SODEVWAXI N DW'M of Exxon Mbbil| corporation) a
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i ngl | | i f i on. of
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product not requiring a separate corventional cat galra/tjc or sol vent
dewaxi ng 90dp 40owtfbenf a henvirgionsd, petooleum/ménerapoilrderived base stegkgr base

"hydr oi te!, i te", "catal ytic d te", o
ydr odowisPEstoralie A e andish gl Batk: iy B Baperis pisgosie
processes mdHikfRg AdNEISEn 3RS i IhE Yad RBEMAL:1 to 25 Wt% on an as

received basis, preferably about 5 to 25 wt% on an as received _basis based on the

total weight of the formulated diesel engine lubricating oil composition.

[018] Viscosity modifiers (also known as VI improvers and viscosity index
improvers) provide lubricants with high and low temperature operability. These
additives impart shear stability at elevated temperatures and acceptable viscosity

at low temperatures.

[019] Suitable viscosity index improvers include high molecular weight
(polymeric) hydrocarbons, polyesters and viscosity index improver dispersants

that function as both a viscosity index improver and a dispersant. Typical



- 10 - j) "base stock" is a single oil secured froma single feed
stock sowoelemidessab) ected to a single processi ng schenPcarnb20een7wy
a particular specification; k) "base oil" is a mxture of base
stocks. [26] Thus the term "hydroi sonerization/cat dewaxing" is used
to refer to catalytic processes which have the conbi ned effect of
converting nornal paraffins and/or waxy hydrocarbons by
rearrangenent/i sonerization, into nore branched iso-paraffi ns
followed by (1) catalytic dewaxi ng to reguce the anount of any
residual n-paraffins or slightly branched iso-paraffins present in

t he i sonerate crackln ragnment ati on r by ( hy, (g(% Xi

to. of f ect MAIFEHEF Weights ztﬁ?%n mm@r@ bewrdens tc@p &0@&%@9

of t he |s

"Cor sl vaEs Hfioaiiy A8 dPIESREHGH, pkbvéieiie W‘%@E&%ﬁbﬁ"t
i nvol ves B0 anh200,0800 on fol | onwed by sol vent dewaxi ng which
effects the physical separation of wax fromthe hydroi sonerate so as
to reduceriif PrEEHBLIRUHsURAbIE vischafy irdeh IRIBVEA dreilyRRESHA S
that are eir]ﬁve VI abone osr rmrews?cnt %}}eglﬁs Y{lg;rrbl nat |g€r?y Y

t r ansf or nevpolymers af macthaceriate, hntt/dmnﬁ;i e@eﬁmhatomca&kyiatnﬂﬁyrmmm vesuitable
processes from gaseous carbon-contai pi ng,conpounds, . .
rdrogen- SRS npone paliamehaghlsie (cepalyries afvoEieus Shei as
hydr ogen, il Reihdery IGREDRS SRRGLS Sonle il ROASBE wWHELIARG serve
ethylene,'a etyl €éne, propane,” propy propyne, butane, butylenes,
and but ynes poGii poimd slepstssatts. drulysobbtden®id anather @amplmﬁa suitablef

| ubricating viscos|ty.that ar ener.al I derived from hyd rocar ons
o bV Bchaily Sadey immrovss (YRR SN Y iscon Y InfeX THBHNRS lold

derived f '
vl ogen- Gop A S B e BRIy ™ T
stock(s) afydénme aﬂuh-pmelhe(,ajr styreinedmddiitsdieae) amgpolyabi'gdatelst(eopo]lymers of

boi ling range se ted/fractionated fro sythelzed erae I
such as f¥RHERY %Bgtho@%v ﬂtF%:taftPBHX@HB%u % EXGOR ‘?SHHS E“

o1 ocess, | aoPURRA i by AT o R S gffﬂ%'y IEGOETHS 200,000

reduced/ | molpmlarpmght, synt hesi zed wax i sonerates, conprising, for
exanpl e, hydrodewaxed, or hydroi sonerized/cat (or sol vent) dewaxed

synt hesi z ggh VX yA 9 pesaeasIandicaed rwﬁmaq reflodifTers uek ﬁséﬁ)ﬁ%ﬂ ARRGE BT

(or solvent) dewaxed Fi scher - Tropsch (F-T) materi al )

hydr ocar babeut vt $3 widh oncarbasissceiesdebasis prplerablyl aé::cmﬁél t@g’lﬁ:wt% on an
oxygenat es% ref ably hydr odewaxed, or hydroi sonerized/cat (or

sol vent) 8 afsﬁydrocarbons or hydrodewaxed or

hydr oi songr | ed/cat (or .sol vent) dewaxed, F T wax hydr gdewaxed, or
hydr oi sorrmlﬁed/li%&a%ﬁﬂ%casuym a8 RERUIALL pj?@al@é;@e d in g,carrier or

mXxtures j Eﬁolan s St b %5 6 Actil 8 in G2l In
bRES08 B%%hﬁ[&?ﬁﬁ# ﬁ%ﬁ%h&gﬁﬁor E%@ tiv8hn St g

from GIL eri a , especl a ewaxe ol Soner| cat

(or sol vetie actthtzm ednEeﬂ'trmB as Ired:exded ifsomal thasenuifactifer) tienghounbas e
oil (s), and other dr odewaxed, or hydroisonerized/cat (Qr solvent)
dewaxed wiiscasity mﬁ ifigEeusadiinihe) om)%%orb% énactlc@)mgﬁféhent basis can also

Fr om abou SAplsSRed B DT &Y BRar oPoRBL B 0 Tt Ade D)
to about hipredidns, r&ﬁérabmmcﬂnahwofzr@mtwmﬁv@ufgre@i&ha For ahudit 30

m2/s, as exenpli f| ed by a GM base staock derived, by the hydrode\/\?m n
or hydr oi g@m@wnﬁtm@rﬁ%ﬂ@rwﬂ@g@aﬂ@dﬁwwy copRbanerviseofityrmegditier, the

W scost ¢y it BEBPaichs 1 AR sahe@ orABBHE 5 fp TE St P AIRAR, onoentrates
process i oy idodRnafadiGrezaitid #8onbt of these RIROSES mk&!lllﬁ@rﬁuﬁttmﬂi the

hydr odewaxi ng catal yst. Reference herein to Kinematic viscosity
formulation can also be expressed as being in the range of about 0.20 to 1.9 wi%

active ingredient, preferably about 0.3 to 1.5 wt% active ingredient.



| ower, still nore preferably about -20C or |ower, and under sone
condi t i onsOrzag7/126858@ advant ageous pour points of about - PET/USZOU7EOVENT
w th useful pour points of about -30C to about -40C or lower. If
necessary, a separate dewaxing step may be practiced to achieve the
desired pour point. References herein to pour point refer to

measur enent made by ASTM D97 and sim | ar automated versions. [30] The
GIL base stock(s) and/or base oil(s) derived from GIL materi al s,
especi al |y hydrodewaxed or hydroi soneri zgd/ cat (or solvent) dewaxed
F-T material derived base stock(s) and/or base oil(s), and other such

wax- deriv se,stock(s), and/ or base oil (;S Lch can pe, used in

thrs | nvedDREh apEIBRELY i omieniionah nems dmypidetal 8 degived Sl | base
| ndi ces oktdtk OF bakedll Ris a BOAYE Cafttont BB ORI sul ARDISE, more
preferably 120 or greater. Additionally, In certain particulat

i nst ances prefesablysabosi 0yl 5§ wiliksudfurn drekess, Eavenshonkpredemibly abaste).diw(%s)
may be prefegrably 130 or greater, nore preferably 135 or greater, and

even noreSPrYFOFI%Sy 140 or greater. For exanple, GIL base stock(s)
and/ or base oil(s) that derive from GIL materials preferably F-T

mat eri al s [82¢kci AheyGFL basastepkier and/pr haseoll(s) iandaun hydrodewaxed ot30
Bo2Y0 [ BypRACEHEERSARITHE (ieohERl denpiedria o i) Sndlot Bhrepilts
are typi cakésillh ahé Prd%@ﬁﬁfﬁdeﬂﬁ%n(iﬁ@ﬁﬂb&ﬁie%ﬁh%ﬁé or 8RfixT% GOPAR flock(s)

m xt ures of nonocycloparaffins and nulticycl oparaffns in combination

wi t h non- endiardase epifsdedarived fromeone or enere Gaetodpguide(GILL) waterials, as
cycl oparaffi optent in,suc onbi nat.i o varies with the catal yst
and ¢ enperil e Aidtsinatan e By G ComBt- okt e Foal cof (GRRtvER D 2)
typi cal I'y dapraet Da¥e sRNKE) drid/orBasbils 888V Hidne RhnurPRak &l Waxy feeds,
contai ning | ess than about 10 ppm and nore typically |ess than "about

5 ppm of sigkralfandrygwneinineral oil Wasy fatd stocksduch as shhek waxmse natural
GIL b t ock d/ il tai ned_.b h

Py of sonBVER Tk RS AEIEkS ST Ss1ol pupDauels b ecapeiFrborayas
I's essent yaldyraffihate, MCurePd¢146 SRdREA] H%%I(?QS%P&F ?%rér Bniﬁéra‘l, T'{Pg%]al bit,

a preferred énbodi ment] the GIL base stock(s) and ase ol

conpr i sesopavean nonipetradewn; Gil derivad warsitstenale doch asmdxy mhaterials
non-cycli¢ iso affins .and onl.y m nor. anpunts of cycl pparaffns.
These” G e Red ik pOst iltptartisn 8 SBrie ] Ametmie stocks
par af fi ni gndRfrdakelbflst hat consi st of greater than 60 wt % non-cyclic

i soparaffins, preferably greater than 80 w % non-cyclic isoparaffins,

f | %0.NON= i £f] d
or et of abl §5 00t 3F SERE Rt B TRl AR AT e PRPRRA e Plpar i
conposi ti ayps“whxCFhydescrbbasdddis radrial hawhg @higlﬁﬁouﬂaﬁﬁhﬁ(i?p@aﬂ@ or

hydr oi soneri zed/ cat (or solvent) dewaxed F-T material derived base
stock(s), an@XiRHREAE M sAlid 1o05y tevaRerpiuLs; .8y @ 8itempsraturaiincthe apge

sol vent) de 3¢ E&li: i - at .
hydrodemxarg)é?!gg?@ifleci {e%(;élgnc . .gggﬁﬁ%éé%ig%@l&%af%@lﬁ%,
and 6, 165, 94materialexanpl e. [34] Base stock(s) and/or base oil (s)
derived from waxy_feeds, which are also suitable for use in this

i nvent i onb) ar papiiaie’ waterialuiaay seburatast hyduocarboriss such ey abenes.ed

from hydr ode . . [ ' hecat r_solvent enaxed maxy
f eedst ocks o r'lenrlgin%wéﬁr%%ﬁé?gllﬁ%ﬁ ,gﬁ??gﬁg”plg?mé\)‘%(g ﬁﬁé%gfs ﬂ’é‘f’ﬁr al
source ori gi @araﬁfﬂi}s? dyehsidk o/ etdhREFTRYE nfSndTRihg #Hd/efudiilitng), and
sl ack wax, waxy fuels hydrocracker bottons, hydrocarbon raffinates,

nat ural waxedra , keres;t her mal crackates, foots oil, wax from

|1 ‘ .sh j | h itable, m | 0jl .
o i nar &l oy Reketd iR 8kEnink prdcod kA BRRAEIARY SRt Wi
materials, | ihjﬂ%geﬁf attHigh abepchotdi® and tndef RROWRI soMrhbnBAMAAR presence

of a catalyst, to remove and/or convert less desirable components and to

produce an improved product;



MEK/ M BK, m xtures of MEK and toluene, while autorefrigerative

dewaxi ng WOo@2g95326953PCT/ US2007/ 007767 - 14 - enpl oy 2CHrEssenTonzed,
| i quefied | ow boiling hydrocarbons such as propane or butane. [0361
Sl ack wax(es) secured fromsynthetic waxy oils such as F-T waxy oil

wi |l usually have zero or nil sulfur and/or nitrogen containing
conpound content. Sl ack wax(es) secured frompetroleumoils, may
contain sulfur and nitrogen containing conpounds. Such heteroatom
conmpounds nust be renoved by hydrotreatigg (and not hydrocracking),
as for exanple by hydrodesul furization (HDS) and hydrodenitrogenation

(HDN) so to gvoid subhsequeni poj soning/ deactivation of the
hydr o1 soned | ; Sy RBP4 Catalys EEBRHPRPFOGRSS Ehak canyess grifur-

base oi | and/gr WG f%%hfﬁ%g{ ' .
herein and i r?ﬁtdée cﬁﬁsﬁ%@t@ggﬁﬁﬂﬁf er st 0o ngés hgﬁﬁf‘cgg%) Aﬁ‘éﬁ?%ddfc‘@?b”déﬂ
fracti ons of rEihbabsulfioaid/enditergddpessntont, anddiivichgfenepates By ircpetn
hydr odewaxed or _hydroi soneri zedkat (or sqlvent) dewaxed base stock

and/ or base ¢Wfige apdiospmmaenia(respectiveliias kypreduelss simalagkyy pEELeR

t L. ha b ' ' .
- der  ved AyRFaaE SLCafilsdan ART L8 b abedfto ARl and vaters

base stocky/ Bramlpiit denagingsa cenvartidnal satilydic pescess i Mvhioch nbymabr
nore | ow viscosity GIL base stock and/or base oil fraction(s) and/or

wax- derived pprdnsfavad andfomyarxy hydresarbens.ag-» shghty byarghbeddsomxed

base stock a a il..f [ i . r '

oTecos £y etk af Shiver iy Silckdn it boRiiatbl 1o WAk fdtebifit
wax- derived Rygiphdspeviesio Risuby thapitbe fiakl 88 Preduct(Base slockirbade wiems
base stock and/or base oil fraction(s) to produce a dunbbell blend

wherei n t he Bhedgsisatppeduct PoRr peiRtsi c viscosity within the af oresaid

i ted . . Q. ' t t-erjadl
from whi o ¢ novarepumeiBhy (6] -8R ERRHRTE A g cptbel i ety |
an F-T nat er ir@rnddl p@rafﬁﬂmqfcamgrahdnﬁ,slw trndched isooparaffifs e donverted

slurry F-T synthesis process may be beneficially used for )
synt hesi zi ng %@gemmwmtmwﬁeéﬁw%ﬁméﬁmmyeén@-

SR N At R e,
desirabl e hi gidditional Max rémbesitep tdehalre that filef fildl oill podudt Ob@estbéek

also well known to those skilled in the art.
or base oil) has the desired product pour point);

g) “hydrocracking™: a catalytic process in which hydrogenation accompanies
the cracking/fragmentation of hydrocarbons, e.g., converting heavier
hydrocarbons into lighter hydrocarbons, or converting aromatics and/or
cycloparaffins (naphthenes) into non-cyclic branched paraffins.

h) “hydrodewaxing™: (e.g., ISODEWAXING® of Chevron or MSDW™ of
Exxon Mobil corporation) a very selective catalytic process which in a
single step or by use of a single catalyst or catalyst mixture effects
conversion of wax by isomerization/rearrangement of the n-paraffins and
slightly branched isoparaffins into more heavily branched isoparaffins, the
resulting product not requiring a separate conventional catalytic or solvent
dewaxing step to meet the desired product pour point;

i) the terms “hydroisomerate”, “isomerate”, “catalytic dewaxate”, and
“hydrodewaxate” refer to the products produced by the respective processes,

unless otherwise specifically indicated;



[039) In an F-T synthesis process, a synthesis gas conprising a

m xt ure ONOHRBO7Z&#2A9530 i s catalytically converted into hydCroaszore7and
preferably liquid hydrocarbons. The nole ratio of the hydrogen to the
carbon nonoxi de nay broadly range fromabout 0.5 to 4, but is nore
typically within the range of fromabout 0.7 to 2.75 and preferably
fromabout 0.7 to 2.5. As is well known, F-T synthesis processes

i ncl ude processes in which the catalyst is in the formof a fixed
bed, a fluidized bed or as a slurry of cafalyst particles in a
hydrocarbon slurry liquid. The stoichionmetric nole ratio for a F-T
synt hesi s.Jyeagtion is,2.0,.but there are many reaspns for using ofher
than a sté chPareriock” s aisingle giissured from & sinelerieed stock somrs an
cobalt slurr ' o . i o of
fhe 12 to 00' DKEIAres FRMAERHSs ¥R ald oo {Bafichie © P1g o
m xture of Hapeeidic@dons bubbl ed up into the bottomof the slurry and

reacts in,the,presgnce of, the ticulate F-T synthesis catalyst in
t he sl urr{fsl i 881“60 t I%Bﬁﬁixﬂ"i?r@talr@sﬁé@?? to form hydrocarbons, a

portion of which are liquid at the reaction conditions and which
conpri se {#6]hy dFlvesthedern ‘thydyoispmerizativhéeas dewasing bis uspdrocefdnda
liquidis rated fromihe cat st parti,cles as filtrate b ans
such as 1 FREIALS BIpCeaieh hish et Eopiiaen Hiféhe 2R couyed ignotina
cent ri f ughia@fing afidhse wﬁﬁydhg%&rmnwﬁ artcgf%girlér&ﬂs&ﬁ@ﬁ%&ﬁé Gto

out the top of the hydrocarbon synthesis re as vapor, along wt
unr eact edbrapshrd dse-pgraffimsdfadiowed hydpostalic dewaximgiuetsce Sonamohint

and conbi RSP AR Rt R ol eRHS friRe e isbrSatathns broshat e o
boi |'i ng pRoRterafe By erddilins/RaEniEhtation br@?@@%&ﬂ%wv%?ﬁg%fﬁc% ther

sone of the condensed hydrocarbon vapors”have been co
Sl urry hythooeatdadionsand ey sclestbcesatalyticdawaning\odithe saommedatd, to reduce

dependi ng,on the catal yst and desired products. pi cal conditions
o Fect | veticPpanet RS Hatnro o EE e feral 57 sobvanp s st dad e

(e. 9., CoucitatiOf) tH sk ' i ' I

hydr ocar bor?synt%esi sngﬁgéé@%%gg%%dg%%%éﬁgfgg%%g%#g? l?y 16 -

enpl oyi ngsalvent dgwaxingawhichs¢fifects thaphysicaldsepabation obwaarfemm thacl ude,
for exanpl e, tenperatures ressures and hourly ,gas space velocities
in the %‘é‘%ﬁ‘%‘?’&ﬁ? 50,65 0 Sodiess ,Pfgau%‘dtplﬁsl%l hd 100- 40, 000 V/ hr N,
expressed_as standard vol umes of the &a@zeous CO and H2 mixture (0C, 1
atm per HBM p&Thonaiesialy areamatepials thas ape detived yia Ohe or orore sghiltesis

used herej e rocarbons with .a carbon nupber ,of qgreater
than 4. bognaRet St S R R ab e ek MR ehte pues T e
be pr esenprocShses!fadyzdastbas cativgesomttiiag cbﬁfpcﬁﬁfdﬁpﬂﬁﬁ%ﬁfcdﬂl@aiﬁmg

i nply that hydrocarbons having the limt val ues of the carbon nunber

range haveemBoweds, andéon elementhag fasdstogks snphas hydbegern, wathon dicoide)

range is -2l S ferred that the,hydrocarbqgn synthesis
reaction é‘ﬁéﬁ%lg%}é&%uwgfeeﬁ‘, SHAT 15 St © ﬁﬁ\“:’:ﬁcﬁﬁfqgﬂe:d}mﬂ@ﬂ%t er
gas shi ftpﬂopgwuepprﬂmw, buddik, eBes iRl tyneé.t FTTO bUed SocRaand/okf t
reaction occurring during the h% rocarbon synthesis. It is also

pr ef er r edbass dbrargFTLnaatasiads pb nhricsingedseositothat eve gemirelly denived

| pha of 85 ferably at Least 0. f er abl
ot Plaact Boubfifdbchtiths, RFLHRR Ay sdksied o fRbRE e i ne:
mol ecul arthegisghestiedivesefrbansimplbt gams%ﬁsb@@lahwﬁ%{gi dg)o St Y

process using a catalyst containing a catal ytic cobal onent .

Those skilydragerroontaining weonounds and/ozleidments asdgadstobks. GTL base

catal yer LaHR(eY 6% Gas i) Shidh S} b 567 b RhulETEneS
metal s sughadited@ractionatéd fibth $thE8zed GTE RaHalY Sfthid@kol S&mple, by

distillation and subsequently a final wax processing step which is either the well-

known catalytic dewaxing process, or solvent dewaxing process, to produce lube



[42] The waxy feed preferably conprises the entire 650-750F+ fraction
formed bywolreoimeassacar bon synt hesi s process, having an POnusabo7@ut767
poi nt between 650F and 750F determ ned by the practitioner and an end
poi nt, preferably above 1050F, determ ned by the catal yst and process
vari abl es enpl oyed by the practitioner for the synthesis. Such
fractions are referred to herein as "650- 750F+ fractions". By
contrast, "650-750F" fractions" refers to a fraction with an
unspecified initial cut point and an end;point sonewhere between 650F
and 750F. Waxy feeds may be processed as the entire fraction or as
subsets of ;the entire fraction, prepared by distillation or ofher
separ at i oRilsfiRAdcedlowROURRINT; Fimthesized Més Bomeraissooompuisigs for 18

- feed al ' bS 909 han
95% and prariibr oA RRREL o fRbfop ettt @FRF R adRERed 127
whi ch ar e spatheizedawaky Kpdrddarbess; hdkodd whted e hiideoisbntat Aed cad (or
ni trogen conmpounds (e.g., less than | pm of each), with |ess than
2,000 wppsplysmdy émaawg Fusher-{aapschoGd sinli (s by drospehans, Wanys s

t han 500 [ r 0 havi ng
t hese pr OS@}HF‘%’ %%bgﬁ%%é%qsuefh# ﬁgﬁ@e%‘i%%@%%@%eﬁm%ﬁs ave been
made usi nGydrédéwiyed; of hydecisemen Acll/cat ¢at sdlyeht) R waigdF-Johpdivchtbons,
cobalt component, as previously indicated., [043] The process of

maki ng t herhydrodawexesd or bydwisomseriged/canfonselventhdawaxed.F-T waxes

wax or F- I S ry_zatian ocess, |f
ol ack. weo By to T Bterk B SORLOFLBIG BRI (B 0rRBHD s Bt PR wdes.
prel i m nagy nikének théleofg St ep under conditions al ready well known to
those skilled in the art to reduce (to levels that would effectively
avoi d cat PRTFOB) | ' EexeG s aqad
nitrogen- z{))%?];i ni ng?%&ﬁ%ﬁ@saﬁﬁﬁ%g%(%{%%ﬁﬁ se ggactl %t%n?ﬁ’e
hydr oi sonmespeaaallprhydrodpdandéwehydroistimenyzdd/oste@r isohampsdewandd F-T
steps. If F-T_\I\ﬁées a(ig used,_ such prelim nﬁé)z treatment i s not

requi red Beatgriabderieed Ragecsioek(sapadéor hase wil(ak aadipther byqxpdepgxed, or
anmounts ( : r i :

b (o' ni 1 Lap ot (ok QRTn G aclked B ABiEa bERC oot s thse
hydr odewaxil(g) aratchlaysdtedizst fypicaldy as havinglicnefaticfvistosities at 100°C of

Do 11 f Eeh GBOU AR fORRAN 30 HEae I aican sy e rahas 3 Bro s to about
hydr odewaxpngP/OGRSR Sémgg?gsgf}gﬂgg@&%g%ﬁ% 'a?&tsioqgn@/s

as
catal ysts, or ovér a nversion tenpératures Tange

f r om abouexémplificd pa GTEMSe atokr dabwdby tieehydedenamiagout 500 to
20,000 kPa. This process m[aﬁ he operated in the presence of hydrogen,
and hydr o§yﬁr<r}§L9¥ieanza9%§§ ¥dc (el veniy desyaring 6§&-Tovapouhichhas arhe

Tatey oypRiArfigas violity oPHERAEAHRRs ITEeCHd QUHAHED IRUEE BERROEY
SCF/ bbl ) aB0 drhreaterc@raferalsliyttiie ohad reathemrtirocdsstiy piydeddewasingearried

fromabout 0,1 to 20 LHSV, preferably 0.1 to 10 LHSV. - 19 - [044]
Fol | owi ngO8hin APEaeessipinDa single dydredewarcise aalalydld Referenseharpinto

the hydr Oﬂiﬂéﬁﬁffc’lﬂ% ! gt%‘)lfreg%rghtg "ah%QSH‘éHegE 119%%&{/’%? %ﬁﬁf&%ﬂi{d’ﬂﬁ%‘? h

waxy feeds may use rocracki ng oI'soner | zation
15 AR T B b oL e
e.g., al U%é;%o}%% hgiﬂ?odeﬁ#éﬁéiﬁ‘(oﬁ%&g?nﬁﬁz@dﬁfa?gélgébqu&zt) dewaxed F-T

hydr ocr acki r0i soneri zation“catal yst, pre zeolitic
cat al yst . njdidfidl @tdireed basenstock@) and/wdiast wil(s), and gtheckypdresevarxed, or

i or | weby SrhiseeHREag: (ol r Henad S bR PSS Slabea s base
exanpl e, e, Whifltkan Meised 28 Wast R8s ckarthOr 6856 oil components of this

invention are further characterized typically as having pour poeints of about -5°C

=t

or lower, preferably about -10°C or lower, more preferably about -15°C or



4,937,399; 4,975,177, 4,921,594; 5,200,382; 5,516, 740; 5, 182, 248;
5, 290, 426W02088069582; 5, 976, 351; 5,935, 417; 5, 885, 438; PCAATH 2407007767
6, 190, 532;

-12-

lon_:r, still more preferably about -20°C or lower, and under some conditions
may have advantageous pour points of about -25°C or lower, with useful pour
points of about -30°C to about -40°C or lower. If necessary, a separate
dewaxing step may be practiced to achieve the desired pour point. References
herein to pour point refer to measurement made by ASTM D97 and similar

. automated versions.

[030] The GTL base stock(s) and/or base 0il(s) derived from GTL materials,
especially hydrodewaxed or hydroisomerized/cat (or solvent) dewaxed F-T
material derived base stock(s) and/or base oil(s), and other such wax-derived
base stock(s) and/or base oil(s) which can be used in this invention are also
characterized typically as having viscosity indices of 80 or greater, preferably
100 or greater, and more preferably 120 or greater. Additionally, in certain
particular instances, the viscosity index of these bdse stocks and/or base oil(s)
may be preferably 130 or greater, more preferably 135 or greater, and even more
preferably 140 or greater. For example, GTL base stock(s) and/or base oil(s)
that derive from GTL materials preferably F-T materials especially F-T wax
generally have a viscosity index of 130 or greater. References herein to
viscosity index refer to ASTM method D2270.

[031] In addition, the GTL base stock(s) and/or base oil(s) are typically highly
paraffinic (>90% saturates), and may contain mixtures of monocycloparaffins
and multicycloparaffins 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 stock(s) and/or base o0il(s)
typically have very low sulfur and nitrogen content, generally containing less
than about 10 ppm, and more typically less than about 5 ppm of each of these
elements. The sulfur and nitrogen content of GTL base stock(s) and/or base
0il(s) obtained by the hydroisomerization/isodewaxing of F-T material,

especially F-T wax, is essentially nil.



6, 375, 830; 6, 332,974; 6,103, 099; 6,025, 305; 6,080, 301; 6,096, 940;
6, 620, 31A70Qp@TREA7; 6, 383, 366; 6,475, 960; 5,059, 299; PCIAK24PM07767
5,935, 416; 4,923, 588;
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[032] In apreferred embodiment, the GTL base stock(s) and/or base 0il(s)
comprises paraffinic materials that consist predominantly of non-cyclic
isoparaffins and only minor amounts of cycloparaffins. These GTL base
stock(s) and/or base oil(s) typically comprise paraffinic materials that consist of
greater than 60 wi% non-cyclic isoparaffins, preferably greater than 80 wt%
non-cyclic isoparaffins, more preferably greater than 85 wt% non-cyclic

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

[033] Useful compositions of GTL base stock(s) and/or base oil(s),
hydrodewaxed or hydroisomerized/cat (or solvent) dewaxed F-T material
derived base stock(s), and wax-derived hydrodewaxed, or hydroisomerized/cat
(or solvent) dewaxed base stock(s), such as wax isomerates or hydrodewaxates,
are recited in.U.S. Pat. Nos. 6,080,301; 6,090,989, and 6,165,949 for example.

[034] Base stock(s) and/or base oil{s) derived from waxy feeds, which are also
suitable for use in this invention, are paraffinic fluids of Jubricating viscosity
derived from hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed waxy
feedstocks of mineral oil, non-mineral oil, non-petroleum, or natural source
origin, €.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 about 20 or greater, preferably about 30 or greater, and mixtures of

such isomerate/isodewaxate base stock(s) and/or base oil(s).

[035] Slack wax is the wax recovered from any waxy hydrdcarbon oil
including synthetic oil 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, mixttires of MEK and toluene, while autorefrigerative dewaxing



5,158, 671; and 4,897,178; EP 0324528 (Bl1), EP 0532116 (Bl), EP
0532118 (W@ReeTAREB337815 (Bl), EP 0583836 (B2), EP 0666®84/(SBE)7/00FER7
0668342 (Bl1), EP 0776959 (A3), WD 97/031693 (Al), WO 02/064710 (A2),
WO 02/ 064711 (Al), WD 02/070627 (A2), WD 02/070629 (Al), WD 03/033320
(Al') as well as in British Patents 1,429,494; 1, 350,257, 1,440, 230;

1, 390, 359; WD 99/45085 and WD 99/20720. Particularly favorable
processes are described in European Patent Applications 464546 and
464547. Processes using F-T wax feeds apg_described in U S. Pat. Nos.
4,594,172; 4,943,672; 6,046, 940; 6, 475,960; 6,103,099; 6, 332,974; and
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high Schultz-Flory kinetic alpha for producing the more desirable higher
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combined with it. Slurry hydrocarbon synthesis process conditions vary

somewhat depending on the catalyst and desired products. Typical conditions
effective to form hydrocarbons comprising mostly Cs, paraffins, (e.g., Cs+~Czo0)

and preferably C,¢. paraffins, in a slurry hydrocarbon synthesis process



[ 0541 The preferred GIL base stock and/or base oil can be further
char act erwpedgy7/i269aecessary, as having |l ess than 0.1 w #®Carusaearioo7767
hydr ocar bons, | ess than 20 wppm ni trogen cont ai ni ng conpounds, | ess
than 20 vvppm sul fur containi ng conpounds, a pour point of |ess than
-18C, preferably less than - 30C, a preferred Bl > 25.4 and (CH2> 4)
< 22.5. They have a nom nal boiling point of 370CE, on average they
average fewer than 10 hexyl or |onger branches per 100 carbon atons
and on average have nore than 16 nethyl ;branches per 100 carbon
atons. They al so can be characterized by a conbi nati on of dynarri'c
viscosity, as neasured by CCS at -40C, and kinematic viscosity, .as
measur ed emplayiag ecgatalysheempHgng e supporgheolalt pemponge) ing foxcy
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ppm hydr ohgdeocarban symthesisr iIhigsglso preferred to conduct the reaction under

conditions to achieve an alpha of at least 0.85, preferably at least 0.9 and more

preferably at least 0.92, so as to synthesize more of the more desirable higher
molecular weight hydrocarbons. This has been achieved in a slurry process
using a catalyst containing a catalytic cobalt component. Those skilled in the art
know that by alpha is meant the Schultz-Flory kinetic alpha. While suitable F-T
reaction types of catalyst comprise, for example, one or more Group VIII
catalytic metals such as Fe, Ni, Co, Ru and Re, it is preferred that the catalyst
comprise a cobalt catalytic component. In one embodiment the catalyst
cc;mprises catalytically effective amounts of Co and one or more of Re, Ru, Fe,
Ni, Th, Zr, Hf, U, Mg and La on a suitable inorganic support material, preferably
one which comprises one or more refractory metal oxides. Preferred supports
for Co containing catals'r-sts comprise Titania, particularly. Useful catalysts.and
their preparation are known and illustrative, but nonlimiting examples may be
found, for example, in U.S, Pat. Nos. 4,568,663; 4,663,305; 4,542,122;
4,621,072 and 5,545,674.



6.2-4.0 ppm hydrogens on ol efinic carbon atons; 4.0-2.1 ppm benzylic
hydr ogenswet200te26gs3posi ti on to aromatic rings; 2.1-1.4 pomysaceEfobiesc
CH net hi ne hydrogens; 1.4-1.05 ppm paraffinic CH2 nethyl ene
hydrogens; 1.05-0.5 ppm paraffinic CH3 nmethyl hydrogens. [0591 The
branching index (BlI) is calculated as the ratio in percent of
nonbenzylic methyl hydrogens in the range of 0.5 to 1.05 ppm to the
total nonbenzylic aliphatic hydrogens in the range of 0.5 to 2.1 ppm
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containing isomerate boiling in the lube oil range. If catalytic dewaxing is also
practiced after isomerization/isodewaxing, some of the isomerate/isodewaxate
will also be hydrocracked to lower boiling material during the conventional
catalytic dewaxing. Hence, it is preferred that the end boiling point of the waxy

feed be above 1050°F (1050°F+).

[041] When a boiling range is quoted herein it defines the lower and/or upper
distillation temperature used to separate the fraction. Unless specifically stated
(for example, by specifying that the fraction boils continuously or constitutes the
entire range) the specification of a boiling range does not require any material at
the specified limit has to be present, rather it excludes material boiling outside

that range.

[042] The waxy feed preferably comprises the entire 650-750°F+ fraction
formed by the hydrocarbon synthesis process, having an initial cut point between
650°F and 750°F determined by the practitioner and an end point, preferably
above 1050°F, determined by the catalyst and procéss variables employed by the
practitioner for the synthesis. Such fractions are referred to herein as “650-
750°F+ fractions”. By contrast, “650-750°F fractions” refers to a fraction with
an unspecified initial cut point and an end point somewhere between 650°F and
750°F. Waxy feeds may be processed as the entire fraction or as subsets of the

entire fraction prepared by distillation or other separation techniques. The waxy



[062] Free Carbon Index (FCl). The FCl is expressed in units of
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each sanpthanghowdOppines we@m@aﬁwﬁeﬁﬁsﬁ ahout s‘%lgﬂﬂf’ |rﬁﬁ qfsutiL or
cal cul ati gns a ' a S ESipR L& ERGIsORS] BIE
not nmade P Oé@p%or%lp &llﬁgtcgb?ec[ﬁyc e-‘ggt{r’%f ? ?@s EH)H%B% arir}zacty e present in
the oi | sqaRksnaNberefy frgmpprebydsotrddtmeny foopermhioval ofaxygenaies while
measured using Field |lonization Mass Spectr osc[%py )gclzl l\/%) e s
others may benefit from oxygenates treatment. The hydroisomerization or
hydrodewaxing process may be conducted over a combination of catalysts, or
over a single catalyst. Conversion temperatures range from about 150°C to
about 500°C at pressures ranging from about 500 to 20,000 kPa. This process
may be operated in the presence of hydrogen, and hydrogen partial pressures
range from about 600 to 6000 kPa. The ratio of hydrogen to the hydrocarbon
feedstock (hydrogen circulation rate) typically range from about 10 to 3500
n.L.1."! (56 t0 19,660 SCF/bbl) and the space velocity of the feedstock typically

ranges from about 0.1 to 20 LHSV, preferably 0.1 to 10 LHSV.



[65] AL base stock(s)”and/or base oil (s), and hydrodewaxed, or

hydr oi sorwoizae@dizess (or sol vent) dewaxed wax base st ock e/ E2007m07767
base oil (s), for exanple, hydroisonerized or hydrodewaxed waxy

synt hesi zed hydrocarbon, e.g., Fischer-Tropsch waxy hydrocarbon base
stock(s) and/or base oil(s) are of low or zero sulfur and phosphorus
content. There is a novenent anong original equi pnent manufacturers
and oil fornulators to produce formulated oils of ever increasingly
reduced sul fated ash, phosphorus and sulfour content to nmeet ever
increasingly restrictive environnental regulations. Such oils, known

as low SAPS oils, would rely on the use of base Oilj‘lﬂmiah ..

t hensel vel044Inhdialigwing ansengedediydrodenitepgamatip ordyydrodesifiirization,
phosphor u i i

P ool ot ot BRhor e Bed ol il pHEGERR FPoSMb At Ech wary .
in the fofgadsahay s antansrphouk bydasehaokingiosdroionserizuatioresathlyistiguch as
formul ated lubricating oils will be |ower or | ow SAPS oils as

conpar led adube hzdrocrak 'ngc(&Hi/a@)@atas!ystg;tl‘meesa@wlegmgysééﬁommmo,
' | . i 6] .
R 8 RV R e

conpr essi giystAlihé edidroédackitiyRy drotsdrenizatiit eathlyat, preferablp areblitis,
preferably 0.6 wt% or |ess, nore preferably 0.5 w% or |ess, nost

pr ef er abl ga@ly¥stat % or | ess, an ash content of 1.2 wt%or |ess,
preferably 0.8 wt%or less, nore preferably 0.4 wt% or less, and a
phosphor ufd45int édtherfisomeazation catadystpand progrsyenfar hydrooracking hydsee
preferably 0.09 wt%or, | £ss, nost ferahly 0.08 wt % or iees din
Certai n | flevikigs orddofpaicine (T s Rralbmidloe Makd fasterinfpto bise

I nst ant 'ﬂ%@ﬁtdt%sﬁ%i* ﬁ%rdbfs%_ fibell! foraddindglen @l U'.S!?dggﬂ]jﬁk. pAC B o0 993| e,‘t s In

effecti ve anpbunts i n I cant conpositi‘ons, suc or ‘exanp

pol ar and4@MO0MG7Z;pdla7,39%y i4g9§1_ﬁ,_I'b‘b;sé,%ﬂ,&?é;&ﬁ;ﬂ@@éﬁ?orﬁxﬁﬂ:ﬁﬁ@ddik821%438;
rotal 1o aReOE St I AT 5 5Tt T b 00 A PR 6.000,532;
detergeméaﬁ%s’@%%%{ ggfé)j @@@;bhtcagsﬁsosfews Ieertd 896 D4d; 6,620,312;

anti-wear agents (neta Aon-"net i ¢, phosphor’us-cont ai ni ng
and non- pAEFIGR2 S 6,338, 366;- 6axHtBI60;nH0a929000;%1N,42F; 5.9883D16; 4x92%5H88;

o b oL A S EREAEIAN o RIRLREBIE PO
o 11 or B D IP0S3TERS B 1NLP 0SAIRIEIY, B YESCERCIBIFLER 0ERSE2(BY,,
agents, CEPWOTE9S0 QAN 97816886 1, WONA/0647 KD (AZR WD ORGLT1 1

Lubr | cant ARV PR e, O RTal TS e P L R Geathes pei
| SBN O- 8937 By BBfifish il 8bo20dL o2 9RO 2802 51,9900/502 WS/ 5085

the lubricant additives nentioned bel dw. '‘Réferencé i’s” al'so’ ma
"Lubri canhnddO 9926720y Pdrtivuladynfaspratiaiprocdsses ime dispeibebdn European

Cor poration of Parkridge, . (197 0681 The types d quantjties
of per f or Ratsak Anpliatipns 4@%&@ Wdc%%ﬂﬁ‘#at RACeHESs %%F?Eﬂ éﬁ?ﬁe‘fs are
i nventiony] e I ki I<yAS) #y.€ JT1 .h .es
vents N b, SATRES!HSOIPLBLS 30 L AN IE e es
Ant i wear @619399Nd6|332@%4; and 6,375,830.
[046] Hydrocarbon conversion catalysts useful in the conversion of the
n-paraffin waxy feedstocks disclosed herein to form the isoparaffinic hydro-
carbon base oil are zeolite catalysts, such as ZSM-5, ZSM-11, ZSM-23,
ZSM-35, ZSM-12, ZSM-38, ZSM-48, offretite, ferrierite, zeolite beta, zeolite
theta, and zeolite alpha, as disclosed in USP 4,906,350. These catalysts are used

in ¢ombination with Group VIII metals, in particular palladium or platinum. The



[69] Internal conmbustion engine lubricating oils require the presence
of anti weaD 2a0mti26953ext rene pressure (EP) additives in opd@&rus2007/007767
provi de adequate antiwear protection for the engine. Increasingly
specifications for engine oil perfornmance have exhibited a trend for

i nproved antiwear properties of the oil. Antiwear and extreme EP
additives performthis role by reducing friction and wear of netal
parts. [70] Wile there are many different types of antiwear

addi tives, for several decades the principal antiwear additive for

i nternal conbustion engine crankcase oils is a netal

al kyl t hi ophos and, nore particularly, a tal ., .
di al kyl di pt(ﬂi%lﬁ)’th%i pagtals gy @ﬁoma}ﬁ‘iylﬁ*&? gﬁ‘nﬁ%{}f@ caiady§ts barfronventional

i nc, LGe -dial | te (ZDDP). ZDDP d
gene al | y 2Pighe E¥h S ith RO ¥ (R bRe) 2 whero Rl and Re are

G oune. mn8TP < CHESne BRHCHALY, cnvkifod ofine WoSHReatBER A BY! ||
i n anmount goatiubtedBvdR@doribihatidnloAPEdsIRE betiLa dPEZ.SMLIRS @athlysts in the

conposi tion, although nore or less can often be used advant ageously.
[ 71] Howepzesence afdiyidsogen.t lmanether prbmsliment the proeass o pradueingdbe

has a del eter.i oys. %f ectt on_ the cat ag& t .in cat atl.gti c,converters and
also on olyRRFALSilhese ttatks coMmpRiteE bY drgiaomenion alif dENAXing gverd
effect is sinpleeptagst, SR aOP/AIMI 5.t hieydRthed EmBBARRES, e Wake feed

antiwear additives. [72] A variety of non-phosphorous additives are
al so used cas berfedvaver the bydradeyvardng icatdlygccosnprising GranpuYeHunetad loaded

by sul fur o WsererabRe ot oA BONOuPl | R i AR s RAERRSS

aryl al i phat/ZSL4 8lih eithbt 6n6kelceavwiy Sthpsar RPasy 683, akeful mﬁﬂf@éﬁrbon
about 3 to 30 carbon atons, pref'eraba/@;& 20 carbon atons. The
ol ef i ni ¢ bespeilmroducisimay betobitained. Crasalysh ZENR iscdaseribed indiP

Such. fi he f I .
30071 1960945705 JoF G R Gr Yl tuBial [fRdse Z8Mg8 fpmily of catalysts,
| ndepende ik Srdg SRS o ZSNILLE; 3 1RO h aeliseheriZER6 ¢ bE Ak waxy :

hydrocarbdn radi cals are al kyl or "al kenyl radicals. Any two of "R3-R6
may be codeedsteck ebimigates thenaed fenany subseqyeniideparatenedwxingrater.i on
concerning sul ftuized olefins and their preparation can be found in

USP 4,941[048] ArRwaEtiegstep, svhgohyaddd, nlgsbeftctdmplibleaptisingsorecons
and t hi ophosphoru aCiAP esters as. | ubricant adgiﬁ;t' vgs i s, discl Osedaigﬁ
US. Pat efRatentaolvent dewaring, qaislytie dogngg.or yslrodeyaxing prosganes,

of phosph i i 5l bS @,ng% Al Y] Ry
additive %gtﬂg?{sc os?gg °n Eggﬁge@% 8 fgj&\zgg?F-gﬁdfﬁsH?gg%Pgamy ed,
conmpounds depesdisighon she) interateal isenofthe 650-7 8 dtne)eriab presem, ifdt hamnot
wi th a nmol ybdenum coppound (oxynolyRdenum | . ]

di i sopr oplxheBHESWGF Pﬁig’ﬁ]él Fk’PgE{g mgterial pHRdP the devgingpdr ous
ester (di o e I 3 IdMES
o 1 bt i cAas QXRRRHRE BORSRR B D BB Bl TR BRI caT O e
use of a cachasatetonaddirethyl ethybketonddMIBEK) omethydrisobutyl ketodea MR,
pressure properties. of t hiocar S an apt.i r addjitive
i s di scl of¥eFtyngs Q%%@I%Sﬁi,%gs?f FHrBESS Bﬁ%ﬁﬁ’iﬂmfﬁh I"é’&ggé-' ex
such as f s k bl IHEBle 7 ;
al kyl) a?le&hg}eg#o gfﬁl%%togl\t\ehg%ﬁ ggg?gmﬁﬁg{tuse gﬁ%hﬁ#ﬁﬁd%ﬁh '
mat eri al s tistrsepghrbiedeotn the selventicontaining hebeotil @ziction whichrisdbee | ow
SAP formul ations. Fach of the afor ntjoned patents is ingorporated
by ref ereﬁ@%‘lw-eﬁﬁeirﬁfﬁw@ém%% ﬁwtﬁw] chilied in Sﬁlfapsafé‘é-@&f* I5do

used as a@{;ﬁqt‘ﬁ’%@rm&%eﬂﬁﬁ'soﬁ%. %ﬁ%ﬁgg{/ﬁ%l}%’ %@ng%ging[%{}%é %@?@Eﬁ?&r

mono- pal mi tates "and nono- nyri States
conbi ned widighohydrocarbmns sticloas prdanep caw alte Bnhsateiar whidpthet | es.

hydroisomerate is mixed with, e.g., liquid propane, a least a portion of which is

flashed off to chill down the hydroisomerate to precipitate out the wax. The wax



- 30 - conbination with ZDDP inproves antiwear properties. Each of

t he af or ewermbounzeshspat ents i s i ncorporated herein by refrerarseer7yo7ior s
entirety. [76] Preferred antiwear additives include phosphorus and
sul fur compounds such as zinc dithiophosphates and/or sulfur,

ni trogen, boron, nol ybdenum phosphorodit hi oates, nolybdenum

di t hi ocar bamat es and-vari ous organonol ybdenum deri vatives i ncl udi ng
het erocyclics, for exanple dinercaptothiadi azol es,

mer capt obenzot hi adi azol es, triazines, anghthe like, alicyclics,

am nes, alcohols, esters, diols, triols, fatty am des and the |ike
can al so he used. Such additjves may be_ used in an amoun{ of about

0.01 to 6isfeparpiest Eprpihe rafingtedyfltraion, prombranssePARRIALAHounds

provide |imj o] ' [ Ll [eTa B N y
Pl ow ¢ haCtREERHEh° PHESISE O IRER QR A e rhfithors i cH S 3REn
patent andrautivriabal & proeluke tht préfepiedbake erodksaistiulrinlthé ippesent invdntion.
retained, kept at _a mnjinmal cancentratiqn tocggﬁilitate producgti on o&

| ow SAP f-dxlspivaell knewmnisiqatalytia desvaxing)in axkich,the fyydgoisemerate;ip geacte

oy r esul (AR AR e fBerfle . Hikdble PRI oo APGPATRINS,
a Vi scosi teffdchiveaaloweh thépohtipoing affthe Epdraisorhbede. Catdlgtiardeviaxing ako

w de variety of oxidation Inhibitors that are useful in [ubricating
oi | conposionverts a utionaithehydreisemsratedndewsn hoRingmatenglsdincthe, “op

ite, d,U.S. Patents 4, 798,6 084 . ,

whi oh 1o 1ERIBPE SAEE IS PP BRI, SA0ET T WIS e Bap TR B ey
Usef ul antgsox7SGRE-s bhieSteeR fhiohidar A ittt Sstockniaeti®h fiRetivfated into two
anti oxi dants may be ashl ess (netal -free} phenol i ¢ conpounds or

neutral ororpaerecbasst Bockal bepasatien of he IgHenbeilingcoatssial @ay ¥gpi cal

Phe ones AFeRMISAEYFOSF BHIF Fo B AybE SACRERONRIIR osm it e gl
t hese i nclig@etHeliisereddseatockas of di hydroxy aryl conpounds in which
t he hydroxyl groups are in the o- or p-position to each other.

Typi cal pgea ic d&%&:ﬁﬂgtc%tdlgéfﬂ WHRH WA Redigerthd oYinoint of the
2007/ 126953PCT/ US2007/ 007767 - 31 - phenols substifuted with C6+
al kyl gr olyslraisdnteratesirdcpieferably theisedvliehipravidess 1asge yirld o fHinhe eikbase

oot yi ShonRofionyte Brfigreorears mayres ured. 51 beéss Abfads Stipdiective
phenol ;- 2 fofbentd WhevesAvhiRh] WheR@Rbined Wit at ledtibiié vhrdpde fidtal

phenol ; 2-nmethyl-6-t-butyl-4- heptyl phenol; a .
2- met hy| - Gomportent,- Hevtobesydempbestoated @shsefulfof dewhakimjppefdoleum oil

nono- phenql i ¢, anti oxi danf s .may i ncl] ude for exanpl e, hi r

e ol AR ARG O e Bales fermistit DRt S M LL,
ant i oxi da SV ). eF@ql)I_ Qv j ] L Lt h the
i nst ant i%_/entl%’n.zggg?b es ?%lrgtgho-coug gg:t%%gﬁg;;i‘?%:aﬁggﬂh

2, 2' - bi s( 4ilheetiythitophdaphatesgrevat hs SARPO i A(dewaxing catalyst which has

Par - coupitebniipUBH IR eaindiorehaty et el SERtdve shaislatt ARG o

phenol) andetbedibly PECOHpORReAWE Hintbrden! MheRlRPHlihg may be
accomplished with the catalyst in a fixed, fluid or slurry bed. Typical dewaxing
conditions include a temperature in the range of from about 400-600°F, a
pressure of 500-900 psig, H; treat rate of 1500-3500 SCF/B for flow-through
reactors and LHSV of 0.1-10, preferably 0.2-2.0. The dewaxing is typically
conducted to convert no more than 40 wt% and preferably no more than 30 wt%
of the hydroisomerate having an initial beoiling point in the range of 650-750°F

to material boiling below its initial boiling point.



[079] Non- phenolic oxidation inhibitors which may be used include
aromat i ¢ woione/eedszoxi dants and t hese nay be used eit hercams0TmoDs7
in conbination with phenolics. Typical exanples of non-phenolic
antioxidants include: alkylated and non-all cyl ated aromati c am nes
such as aromati c nonoam nes of the fornmula RBRORLIN where R8 is an

al i phatic, aromatic or substituted aromatic group, RO is an aromatic
or a substituted aromatic group, and R 19 is H, alkyl, aryl or

R 1S(0) xR12 where RI 1 is an allcylene,_slkenylene, or aralkyl ene
group, R12 is a higher alkyl group, or an alkenyl, aryl, or alkaryl
group, an IS or 2. The al.jphatic_groupie cqontain from1
to about g@g@ar b‘gm%ﬁ?ss,mﬁlﬁgﬁﬁdpérbéﬁ? 9‘1&?ng§ﬁ¥%‘ﬁ?’¥%‘r‘?ﬁaﬁﬁut 6 to 12
car bon at : ' ' [ [ '

Pref or abl (VO pgG=RRAL G SHI0UR) 4BnAxEd sHEEHE B bRYRHoE BN IRYor base
groups, anil($)hhaee artineficitl Mipcmatic biscasity adtantagg cveo cohventivmal pAP]
such as napht hﬁl' Aromati ¢ %roups R8 and,K R9 may_be)oj oi ped toget her
with ot hefrgrBdpand SarpupsiiEbasepsiockEs) gndiar basepik(s: $feEay be very
ant i oxi da L d .

toms. ExaeriatEeiiitsedinth the BRlaliRY RO, Sheh EFE pBRPUoc(D Atk
nonyl , andasteoil(s) caartene! dignifidaatig/highatkiacgraticpdscosities) ap toatioait @0-50
nmore - 32 -,than about 14 carbon atons. The general types of  anine
ant i oxi daf® /§281100°Cn whezeas ey epmpatispn spprpeeeial farQuibll base oils can have

di phenyl agj . . ] v {ct | i 10 i

and i phenyicisib VSRR (IS innEAPRPI QU o e Ol BG4 1H
am nes ar Bagd 6ils vaghuke kednAEE viscaBitite W Abdudalt Bintanarl G (e The
used. Particul ar exanples of aromatic_am ne antioxidants useful in

t he presehighenkinemgticiviggosiky: rapge of §'He bpsel Fisiek(s) and/orchase oil(s),
t-octyl phenyl - al ht h i nes . phenyl -.al ph ht h i ne;

b oct 1 pinpelrRafIRERoy MRSk ERE SRR OB GO B Gronp
al kal i or THIHeat isRckes)y Ad/6R base 6B¢{s) Sint digfiBifatiohSoitAtRe Ustdnt invention can

antioxidants. [82] Another class of antioxidant used in |ubricating
oi | conpofprevidaaddiionl beselisial aduppieges shfvundatingdybricantsenipnsations.
sui t abl e copper conpound nay be bl ended into the lubricating oil.
Exanpl es #SHui tiabthe proggrdrinventioxindsiwres 0Hbydubelesapate, adti hydr ocar byl

(natur al 1§ RSP RERRBER (5rAaliesd PoNaxif b Hafite) Raoe batEpiic,
i ncl ude capRRired bt P eANDBIEL %ck(%?aﬂ R 0iREL R gglaereof,

acetyl acetonates. Basic, neutral r acidic copper Cu(l or

Cu(11) saptefertbly vekteresmidiKbrbdse stonki(s) andioi baseooil@hhgar ¢atesiteteal] or
know to beﬁ&z%{r;tt'bc%l arly useful. [83] Preferred antioxidants include
hi ndered B 1'8® P29 Pini nes. These antioxi dants may be used

i ndi vidually by type or in_.conbinatioon with one ot her. Such

hadi {1 veol0831 b T Besterod bagh Sark Drendlp ba QoY GeBveR SiomETer abl y
about 0.0 . 9 . 9

moot pr ef shidls anthl R &Ry Heeie o Fidielifed B8 Balhi¥hrbdontthdfidy

in |ubri cphtaffinkoop@pobitions.and drgfunher cledrac@eizedias lmvimgmhigh saturates

material that contains a_long chain hydrophpbic pqortion of the
mol ecul e HV¢ls lawata-aH sabfugniow-de-nil r@é%sm lowhfarmsharamaticse AR GEE of

t he nol ng%%ngi%ﬂ? @Qﬂe?—%ﬁit@% Ej)l%g_ of the detergent is typically

derived f

[053] A preferred GTL liquid hydrocarbon composition is one comprising
paraffinic hydrocarbon components in which the extent of branching, as
measured by the percentage of methyl hydrogens (BI), and the proximity of
branching, as measured by the percentage of recurring methylene carbons which

are four or more carbons removed from an end group or branch (CH; > 4), are



WO 2007/ 126953PCT/ US2007/ 007767 - 33 - or ganic acid such as a sul fur
aci d, carwoxgbiresmsi d, phosphorous acid, phenol, or m xtraoTas200TO0EST .
The counterion is typically an alkaline earth or alkali netal. [85]
Salts that contain a substantially stochionetric anmount of the netal
are described as neutral salts and have a total base nunber (TBN, as
measured by ASTM D2896) of fromO to 80. Many conpositions are

over based, containing | arge anounts of a netal base that is achieved
by reacting an excess of a metal conpouhd (a netal hydroxide or

oxi de, for exanple) with an acidic gas ?such as carbon di oxi de).

Useful detergents can be neutral, mldly qverb or highly

over basedsuch[thaf: (&) Bi-0. 83z 201> Hrangt Eﬁ)&@ﬂ)@%g&%a ﬂf] égtast'ﬁe%ﬁ%“ed
over based. Over based, det er gent s et ' cidic inmpurities

pr oduced ‘b‘SFrtsﬁEP§8H{5’LE¥ﬁsr8ﬁ 0&%@&%@%&%24”%&1 g’%\%r apped in the oil.
Typical ly, the ogverbased Lal has, a rati,o of .etalli.c 1 to

ani oni ¢ ion]@eﬁrﬁgeﬁg‘rﬁ s $togk %.%?fﬁ%%h? fﬁ %thgll;n

equi val en ' | Wavi L9 Ol BwivOSR oA hidrbcafbons,
about 25:%&%@%&@%3%@3@#@%&%}1& ?ggﬁhglsgrgased det er geﬁt that0
wi 1 typiless than By epprl Bitrofembontririsg compouyids; Jess tham2@ hvppmzagbiuro
450 or nore. Preferably, the overbasi C ' '

. q "
agnesi UnFOTHAMRE GPEIRITINGE & PURPSOT e iban 1t S TenPredreply Tre it~

the presegtoh nventd n lfeaisi
o al kel I G iRt B A 4 ECHBS A7 T8 ey v on i et
phosphat egoingf 396PCEydmbesrage[the] aSulapofawes thry 1 b begykpalosget branches

| foni i ds_t hat t ypi cal | bt gi ned b | f t f al kyl
Subst {5t MXLARIDOB AHSESCARE 0B AYero8y B AP B ER DRk B
obt ai ned Py 3lilew eﬁhh']&g 'ﬁ?%f %ﬁg&%&&{ﬁacﬁéﬁ%@&%ﬁ( depibigdtRiitef dynamic
al ogenat e

bi phenyl and err erivatives (chlofobenzene,
chl or ot ol yigessity e meanired by CaS atnd0°Coandkinematjc viskesity.lag measged at

agents typically have about 3 1070 c n at T I

sul f onat eEOQ%FWF‘Eméé byathe TopBY azgabgpﬁ%dﬁﬁg%bﬂ@r%ﬁm%ﬁpéc) -
car bon atzg%_rrmre typically fromabout 16 to 60 carbon atons. WO
2007/ 1269 / US2007/ 007767 - 34.

[055] The preferred GTL base stock and/or 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 about Cy to
about Cyp, a2 molecular weight of about 280 to about 562, a boiling range of
about 650°F to about 1050°F, and wherein said branched paraffins contain up to
four alky! branches and wherein the free carbon index of said branched paraffins

is at Ieast about 3.

[056] In the above the Branching Index (BI), Branching Proximity (CH, > 4),
and Free Carbon Index (FCI) are determined as follows:

Branching Index
[057] A 359.88 MHz 1 H solution NMR spectrum is obtained on a Bruker

360 MHz AMX spectrometer using 10% solutions in CDCl;. TMS is the
internal chemical shift reference. CDCl; solvent gives a peak located at 7.28.
All spectra are obtained under quantitative conditions using 90 degree pulse

(10.9 ps), a pulse delay time of 30 s, which is at least five times the longest



[89] Klamann in Lubricants and Rel ated Products, op cit discloses a
nunber ofwowesbrsesd netal salts of various sul fonic aci ®€TVEE2007/087787
useful as detergents and dispersants in |ubricants. The book entitled
"Lubricant Additives", C. V. Small heer and R K. Smth, published by
the Lezius-H les Co. of Oeveland, Chio (1967), simlarly discloses a
nunber of overbased sul fonates that are useful as

di spersants/detergents. [90] Al kaline earth phenates are anot her
useful class of detergent. These detergesf.s can be nade by reacting
al kaline earth netal hydroxide or oxide (CaO, Ca(OH)2, BaO, Ba(OH) 2,

ATyl phoRAroRsSm- HHIGH restisd YielClab 88, LAQ e o o BRathcned

Cl1- C30 al L erably, C4-C20. Exanpl es of suitable phenols
i ncl ude i E%&?&?gﬁgﬁl@oﬁtﬁ%—' et hyl hexyl phenol , nonyl phenol, dodecyl

o sl i GosS P LB o Al
i ndependent | y strajp5i2 ppai lydibgbnsioa aesmaiiheings; non-sul furi zed

al I cyl phenol is used, the sulfurized product may be obtai ned by
met hods wel | knowf-2-f.G pRmpydrogeas enplefipigcarben aimbeat i ng a

Sul fur. sul fur halas BOMOSRU SRR e (PO B SoRRY dhes
then reacting theaguligpparshrabenie! CM hbthine Aydrddens; earth netal

base. [91] Metal salts of carboxylic acids are al'so useful as
det ergents. These ldal Kypincparefitni¢dtHs geathglenahydeogenspar ed by

{ gﬁg%: ﬂgd? ron vt iﬁﬁbﬁﬁgﬁ&’&ggﬁiﬁ%ﬁ%ﬂﬁﬁﬁh%ﬁ&%ﬁé-gg%hﬁg?dngyagg
i TBN . .

overbaseaiguprofieg LG cest 9 TR yel (eLorgeni s e Liop

carboxyl i ge me uw(}lr;()%eth% @eﬁ%&d A4S 1 A5 gﬁﬁ‘i, Ro #h&¥dta] non-

sal i cyl at es. e use ositions is the tormula -35

- wher e Behsylic hlighajehydtagansiinabe adrgd of0.6up hhppny 1 to about 30
carbon atons, nis an integer froml to 4, and Mis an al kaline earth

netal . Pref8h&ifidoProkinRy @12, 8l4y! chains of at least Cl1,
preferably or greater, R nay "be optional |y substituted with
subst i t uefi@€0k hat 9¢§ ME1z GV single pwise and d 3§dDistepsiomlesstEnhancementby

ol O am | TRUSzaRe D CRERTY R sp i i ot PhBelleR 4 Blepter 96 °
prepared MPFRANTIGHsetImERS ukRP0 YL i€ IS PMVES 3s titlintdthal

addi tional information on synthesis of these conpounds. The netal
salts of chemigalsbifirefarencdsCChkesblveant giyes o triplatdoratydiaé 79 2ppp@dn
by doubl e_de osition a netal salt in_a l.ar , sol.vent ch._as
water o Bt aropeot;' Al eihelf bllseriotiratef oBfhuls ifud Batiffily® oo
as deterg ses i LIS §
nown as. Foigitior Heing B5UHEE: BulBY (03 S R pRIEIARIFIRE of 604 Mnith is
provi de t beaspfinpaimes thelorigest cabengpiri-dattice belakatitue tinee (T{)otdemswte

separate materials, See USP 6,034,039 for exanple. 95]., Preferred
det er gent §ompletgdelaxation of thesamnle, %F@%@ﬁﬁ?ﬁl&%‘é@%l%‘é&?'ﬁwse

sal i cyl at e i h Lym sul f onat es, nmagnesi um
sl i oyl at Lo WAYTIEE BESDn dEBRNY o

er rel ated conpone (i ncluding borated

detergents). Typically, the total detergent concentration is about
001 o albtl 5Tbe skomitapes Sy Ctiwend Gl sre saniificd fiom the 155 DEPT

30 NMR experiment. A major CH, resonance in all BC NMR spectra at ~29.8
ppm is due to equivalent recurring methylene carbons which are four or more
removed from an end group or branch (CH2 > 4). The types of branches are

determined based primarily on the '*C chemical shifts for the methyl carbon at



WD 2007/ 126953PCT/ US2007/ 007767 - 36 - Dispersant [96] During engine
oper at i onwo@obrizesasl ubl e oxi dati on byproducts are produeed/us2007/007767
D spersants hel p keep these byproducts in solution, thus di mnishing
their deposition on netal surfaces. Dispersants nay be ashl ess or
ash-formng in nature. Preferably, the dispersant is ashless. So

cal |l ed ashl ess dispersants are organic materials that form
substantially no ash upon conbustion. For exanple,-

non-net al -contai ning or borated netal -freg di spersants ar.e considered
ashl ess. In contrast, netal-containing detergents discussed above

form ash i on 7] Syitable di spersants I ca
contain a tHBFAf < E&ﬁab o 7 thy St SasboB et vegl e e Taethyhon

hydrocarbqﬁ Hedidh. The polar group typically contains at |east one
el enent of nltrogen oxygen or phosphorus. Typi cal hydrocarbon

chains co a Chem ¢

di spersan[@%y B%e %eﬁé?ksex@'ﬁﬁfeaﬂt%mgﬂ?qfh??%&?d
phenat es, jsalhéaugé 8¢ thé‘ﬁﬁﬂﬂ:lé? %?Tcﬁﬁaoxﬁtlﬁaa'iﬁ%@?ara?ﬁﬁ ek 9§cated at least 5
t hi ocar bamat es, phosphorus derivatives. A particularly useful class

of di spermrhmsaﬁ'emm&railhehgarimucandl fbcahhonsavay/ﬁvm typpdecchdip. Counting
pr oduced

he cti,o chai n, sulstituted al ken uccj ni
P o oo, He It SRReRA, o bibngt Saeiar L S b HEos e FOras the i
pol yhydr oxy R6atPbidond Q‘r&ﬁrﬁiﬂi&% stﬂighﬂ ¢Hin Q&?ﬁlﬁag IQQ“&&H é'btaﬂﬂ:h
t he ol eophilic portion of the nolecul & which confers sol ubil

the oil, imecthanerahtbona Phese carbany hppeardreberpen R ppwaapl 29. ﬁcppmhnghe
type of dis ersggt are vveIJE]rlknovm comer,Ci k and in the literature.

Exenpl ary SBATURL s Lhey arymeasredias Jollowst s are 3, 172, 892;

3, 2145, 704) catddfdfife av?erééé cafbon rRumifdr ofthe 1?0%!&5791 the: s‘éﬁﬂal@@?hwh is
3,541, 012; ' 3,630, 904; 3,632, 511: 3, 18/, 374 and 4, 234, 435. types

of dispers anacmm)htﬂmciwﬁhdsufﬁcimSacﬁa‘aeynfer Rib@RGLiag il ﬁxatél@al&(bjr simply

254, 025; 4 4 757 4 41
g’ 6871 g723 3d12vz m%Sthe m301e35§11ar5welgﬁt lf:' ﬁ1e555a?np]e m?gy%% Cthg fom:l)’ul:; welght of

CHy);

b) divide the total carbon-13 integral area (chart divisions or area counts) by the
average carbon number from step a. to obtain the integral area per carbon in
the sample;

¢) measure the area between 29.9 ppm and 29.6 ppm in the sample; and

d) divide by the integral area per carbon from step b. to obtain FCIL.

{063] . Branching measurements can be performed using any Fourier
Transformmn NMR spectrometer. Preferably, the measurements are performed
using a spectrometer having a magnet of 7.0T or greater. In all cases, after
verification by Mass Spectrometry, UV or an NMR survey that aromatic carbons
were absent, the spectral width was limited to the saturated carbon region, about
0-80 ppm vs. TMS (tetramethylisilane). Solutions of 15-25 percent by weight in
chlo.rof'onn-dl were excited by 45 degrees pulses followed by a 0.8 sec
acquisition time. In order to minimize non-uniform intensity data, the proton
decoupler was gated off during a 10 sec delay prior to the excitation pulse and

on during acquisition. Total experiment times ranged from 11-80 minutes. The



3,725,277; 3,725,480; 3,726,882, 4,454,059; 3,329, 658; 3,449, 250;
3, 519, 565§y02086R69530; 3, 687, 849; 3,702, 300; 4, 100, 082; PCIOB2dBR07#H7
further description of dispersants nay be

-26-

DEPT and APT sequences were carried out according to literature descriptions

with minor deviations described in the Varian or Bruker operating manuals.

[064] DEPT is Distortionless Enhancement by Polarization Transfer. DEPT
does not show quaternaries. The DEPT 45 sequence gives a signal for all
carbons bonded to protons. DEPT 90 shows CH carbons only. DEPT 135
shows CH and CH; up and CH; 180 degrees out of phase (down). APT is
Attached Proton Test. It allows all cafbons to be seen, but if CH and CHj are up,
then quaternaries and CHj; are down. The sequences are useful in that every
branch methyl should have a corresponding CH and the methyls are clearly
identified by chemical shift and phase. The branching properties of each sample
are determined by C-13 NMR using the assumption in the calculations that the
entire sample is isoparaffinic. Corrections are not made for n-paraffins or cyclo-
paraffins, which may be present in the oil samples in varying amounts. The
cycloparaffins content is measured using Field Ionization Mass Spectroscopy
(FIMS).

[065] GTL base stock(s) and/or base oil(s), and hydrodewaxed, or
hydroisomerized/cat (or solvent) dewaxed wax base stock(s) and/or base 0il(s),
for example, hydroisomerized or hydrodewaxed waxy synthesized hydrocarbon,
e.g., Fischer-Tropsch waxy hydrocarbon base stock(s) and/or base oil(s) are of
low or zero sulfur and phosphorus content. 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. 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



WO 2007/ 126953PCT/ US2007/ 007767 - 37 - found, for exanple, in

Eur opean watzeesw126953l i cati on No. 471 071, to which refer @aaS2e0700The7
for this purpose. [099] Hydrocarbyl -substituted succinic acid
conpounds are popul ar dispersants. In particular, succinimde,

sucei nate esters, or succinate ester am des prepared by the reaction
of a hydrocarbon-substituted succinic acid conpound preferably having
at |l east 50 carbon atons in the hydrocarbon substituent, wth at

| east one equival ent of an allcylene anjyie are particularly useful.

[ 0100] Succinimdes are formed by the condensation reaction between
al kenyl succini¢c an rides d.am nes. Wbl gr ratios,can var

dependi ng 1@%%94%9 ted5i0E eonyrationalaningral oif BaseSiGeke pad(er
succinic %?Q¥9ﬁ§§? to TEPA can vary fromabout 1:1 to about 5:1.
Representative eXanples are shown in U S. Patents 3,087, 936;

3,172, 892; 19..666; 3,272, 746:,3..322, 670; 3, 652,616.. 3.94

and Canaa 1088k Re: Spele. oq ShpSsemulated ol SoLurmplS arnds il e
the condensgtdPind %aﬁilggeékiéﬁ’i ) AR e & 96FUPEEnRADYHDI TREYPRess,
al cohol s or polyols. | ar ratios can vary depending on the al cohol

or pol yol pusfedsblyd).6extmor dess; ore puefenstyi bh wito oudessomash preikeably 0.4
I ni drid d t [ t ' foul o di t
Succ nat e B O 1655 AR esB EBhRE HEd 4 itont e Bt p LR BT et ote

al kenyl s yechpitsyaniyavh 82 Jednand b iHMRbhaM EnteRiGE G189 beless i t abl e
al kanol a#\i:ﬁ%gét?ﬁ?ﬂuﬁgpet hoiyfat ed “pol gal iﬂ;?l pol ?/am' nes, propoxyl ated

pol yal ky| potfeeablydl 1 avido pollgss, keorg prefeyablyr(b09 svidh ondesspmast pysferably
pol yam nes._ One exappl e is, propaxyl at ed hexanet hyl enedi am

Fop esent SIS B T anpacens bl GG DSTabess. #Va8 Bralssoly G135 i o less

nol ecul ar wei ght of the al kenyl succinic anhydrides used in the

pr ecedi ng [peTROr Bhé $nsthnd inveptionkchy beangd with \additid0 lebwdcdhtTd@pdrients

above products can be post-reacted with yarious reagents such%gs
sul fur, oiygigctive amauntsjm lubricanh gRRasitinss such, as feiexaraple pRlpyand/or

and boron noRUPSHF HFor P b3Se oils, and performance additives such as for example,

but not limited to, oxidation inhibitors, metallic and non-metallic dispersants,

metallic and non-metallic detergents, corrosion and rust inhibitors, metal
deactivators, anti-wear agents (metallic and non-metallic, phosphorus-containing
and non-phosphorus, sulfur-containing and non-sulfur types), extreme pressure
additives (metallic and non-metallic, phosphorus-containing and non-
phosphorus, sulfiur-containing and non-sulfur types), anti-seizure agents, pour
point depressants, wax modifiers, viscosity modifiers, seal compatibility agents,
lubricity agents, anti-staining agents, chromophoric agents, defoamants,
demulsifiers, and others. For a review of many commonly used additives see
Kiamann in Lubricants and Related Products, Verlag Chemie, Deerfield Beach,
FL; ISBN 0-89573-177-0, which also gives a good discussion of a number of the
lubricant additives mentioned below. Reference is also made “Lubricant
Additives” by M. W. Ranney, published by Noyes Data Corporation of
Parkridge, N.J. (1978).

[068] The types and quantities of performance additives used in combination
with the instant invention in lubricant compositions are not limited by the

examples shown herein as illustrations.



- 38 - borate esters or highly borated di spersant':s. The di spersants
can be bowetedr/axsesh from about 0.1 to about 5 noles of lromarszmercormetl e
of dispersant reaction product. [0104] Mannich base di spersants are
made fromthe reaction of al kyl phenols, formal dehyde, and am nes. See
USP 4, 767,551, which is incorporated herein by reference. Process

ai ds and catal ysts, such as oleic acid and sulfonic acids, can al so
be part of the reaction m xture. Mol ecular weights of the

al | cyl phenol s range from 800 to 2, 500. ?gpresent ative exanples are
shown in U S Patents 3,697,574; 3,703, 3,704, 308; 3,751, 365;

3, 756, 953; 3,798, 165; and 3,803,039. [0105] Typical high nolecul ar

wei ght alhﬂﬁﬁéa?aﬂﬁ'ﬁi’ 1{'1’v€éj Manni ch condensation products useful
in this i epared from hi gh nol ecul ar wei ght

al kyl -s ubgmggut qﬂw&wﬂrmanam enginerubficaline oilswequioatte piesence of
reactants 106] Exanpl es of high nolecul ar wei ght al kyl -substituted
hydr oxyar axmbawc@t andipbamgrr@rmep%}f? KEEp wdgitives|in %@F&mmvba%ﬁ gquaif g

o P AP RSSl S TSRS AR RO S BRGPR'B: D e
of phenol wfbﬁn&h&mm @ﬁ%ﬁed\wuram ol alameveapqiwpmeb @fehe aiid
ot her polgalkylene conpounds to give al kyl substituents on the

benzene r nglwﬁar phérﬁxtrmﬂ EXyedditives perfermobisiode bygeduriag frigfion and
wei ght . [0107& of HN(R)2 group-containing reactants are
al kyl ene W&RY QR ﬁ nci pal Iy pol yethyl ene pol yanines. Ct her

ol ablo 0Tsah ﬁﬁitﬁefeﬁa”r%‘&ﬁ% e R AR ASARHUR FO el
are wel | 5‘59 msﬁgghﬁ% ﬂ‘é(i%nrtl?ﬁe QiR e ﬁpc&hgﬁﬁﬁﬁl nb@é.ﬁkcase

substit ut 8- RNal 0g m ne an anol am ne; aromatic
di ami nes, ofls 65 a niﬂwl’dlkgl’lhmbmphete aticamione paa:pchﬂaﬂyarmstal Idmlkyhhﬂnbf c

ggnogleize;gg UARSUEEY &Sm%r Oalgg meta{ cr:gl!nsltltluggt is z\{i\ll)c or zinc dialkyldithio-
phosphate (ZDDP). ZDDP compounds generally are of the formula
 Zn[SP(S)(OR")(OR}, where R and R? are C;-Cg alky! groups, preferably
C,-C;2 alkyl groups. These alkyl groups may be straight chain or branched. The

ZDDP is typically used in amounts of from about 0.4 to 1.4 wi% of the total lube

oil composition, although more or less can often be used advantageously.

[071] However, it is found that the phosphorus from these additives has a
deleterious effect on the catalyst in catalytic converters and also on oxygen
sensors in automobiles. One way to minimize this effect is to replace some or all

of the ZDDP with phosphorus-free antiwear additives.

[072] A variety of non-phosphorous additives are also used as antiwear
additives. Sulfurized olefins are useful as antiwear and EP additives. Sulfur-
containing olefins can be prepared by sulfurization or various organic materials
including aliphatic, arylaliphatic or alicyclic olefinic hydrocarbons containing
from about 3 to 30 carbon atoms, preferably 3-20 carbon atoms. The olefinic
compounds contain at least one non-aromatic double bond. Such compounds are

defined by the formula
R*R'C=CR’R®



i m dazol e, im dazolidine, and piperidine; nelanine and their

substi t utwo 2eemizeess. [ 0108] Exanpl es of al kyl ene pol yanpde/usewioarss
I ncl ude et hyl enedi am ne, diethylene triamne, triethylene tetraam ne,
tetraet hyl ene pentaam ne, pentaethyl ene hexam ne, hexaet hyl ene

hept aam ne, hept aet hyl ene octaam ne, octaet hyl ene nonaani ne,

nonaet hyl ene decam ne, and decaet hyl ene undecam ne and m xture of
such am nes having nitrogen contents corresponding to the al kyl ene
pol yam nes, in the formula H2N-(Z-NH) H,gnentioned before, Zis a

di valent ethylene and nis 1 to 10 of tﬁe foregoi ng formul a.

Cor respondi ng propyl epne pol yam nes such as propyl ene di am ne d di-,
tri-, tetwhere M%Rg@ aspandependentlyhydrogen o5 a hydgogas Qaﬁfl%ggl'ar e

I i tabl t,ant The,. I ] I p
by the r cOREPR B AEEReE Mol Ar A e A GnBlAI Ry th PO ROEC
al kanes. [Haysd Eshicked &8s Roforarhrgeliobiri. nadditicrml fhforemicn amcefn-2
to 11 noles of anmpbnia with 1 to 10 nol es of dichloro Ikane§4£§}§|€l_ng 2

to 6 car bimg sulfirizesholefine and|their pagpastignioparhe touag iBJdsk 4 abl e
al | cyl ene pol yam ne reactants. [0109] Al dehyde reactants useful in
the prepapga3jon THe sseonpellysulfidesWizhigphodphonisimidsiand thipphesphorus

invention include the aliphatic al dehydes suc forr .(al so
as par af onidlestary @8 labracard aeeitiyds isgtisglas %ﬂﬁ%e@%32?’§%i=
((3-hydr oxybyt yral . dehyd W _ Vi i
eactant 28 S A SRS ol PR aF Do Aty LR PR ARy FUBTcs
di sper sanjg adlditiiveas, Atiox@hit, kDA BP addidre is didclestdiin WBE 3770,8564e Use

for exanple, USP Nos. 3,275,554; 3,438,757, 3,565,804, 3,755, 433: . .
3, 822, 2090fakkyithiecarbamoy] eempopnds &biskdibuhd ybiecaspampyl i fon ¥ HaP L o

and non-borated .sucgci.mi n ' ' ' ' ; -
oo suce Pt il £ pfaFndediih iy diOaao ARl babE Ry

bi ﬁ 3 ucci ﬁ%@%ﬂﬁﬁodmwﬁ gultfh‘h&, hmckismap Ilgyhnldlacpﬁcmphnh' boeus ssg/ﬁeﬁdfibmgéf rom
a rocar ene group such as polyi sobutyl ene_ havin of ,-40 -

f1 om aboubySuEenREhsEhiteSETEREMBIEAS EnWERK a&@!&lﬁﬂﬁﬁ!@b‘é‘f%ﬁ isflsclosed
groups. Gh f.er | s I, 0l | d- e6it nd
ot dos, alkEISHARSTSTE SSTRETERNES ARHINEE Y EEL Satbafiy ARhEIS S
derivati vggpvids Besd asliweedand sRaeRR pressite [pragetiiesy &hemese dfe used

in an anount of about 0.1 to 20 w % referably a t .0 8 W %
Pour Poi nthipegsbamsada s an antiwear addiI?iveI:O is disclosed in IE?S 5,6933,§§)8. ’

Thiocarbamate/molybdenum complexes such as moly-sulfur alkyl dithio-
carbamate trimer complex (R=Cg-C; alkyl) are also useful antiwear agents. The

use or addition of such materials should be kept to a minimum if the object is to

produce low SAP formulations. Each of the aforementioned patents is

incorporated by reference herein in its entirety.

[074] Esters of glycerol may be used as antiwear agenis. For example, mono-,

di-, and tri-oleates, mono-palmitates and mono-myristates may be used.

[075] ZDDP is combined with other compositions that provide antiwear
properties. USP 5,034,141 discloses that 2 combination of a thiodixanthogen
compound (octylthiodixanthogen, for example) and a metal thiophosphate
(ZDDP, for example) can improve antiwear properties. USP 5,034,142 discloses
that use of 2 metal alkyoxyalkylxanthate (nickel ethoxyethylxanthate, for

example) and a dixanthogen (diethoxyethyl' dixanthogen, for example) in



[0112] Conventional pour point depressants (al so known as | ube oil
fl ow i nprwoensy12ae3 be added to the conpositions of the POTAS2007/007767
i nvention if desired. These pour point depressant nmay be added to

| ubricating conpositions of the present invention to |ower the

m ni mum tenperature at which the fluid will flow or can be poured.
Exanpl es of suitable pour point depressants include

pol ynet hacryl ates, polyacryl ates, polyarylam des, condensation
products of hal oparaffm waxes and aromatsh¢ conpounds, Vi nyl

car boxyl ate pol yners, and terpolymers of dial kyl fumarates, vi nyI

oL Shobbli T R b el ont s Shon's BEshER,
it L etPlaly el 0 eg@dﬁge&'ﬁ&feg{dpg?léfer&%é‘ﬁx HeBigiepn <

and/ or t h& preparation ives may be used Tn an

f f bl
S s ontPA! it st oA oS i BOHAp Rl bl B fpopmes
the degragdaty Azt di@iia #hb@lfh@ést @ndfba&umne m@og&nmbnwﬂdmmum

| ubricating oil conposition. Suitable corrosion inhibitors include
t hi adi az ophesplﬁsedlthmatﬁx anpybdensn dithiocarbarstapand yarigus eEaNOand

3,087, 932 ddi f 5
W 5% pr of WIORhGeTi sertyag Yoy telaaing beeReRPet oh el §ithede Pl
[0114] Seahlaﬁemam&béptbﬁeﬁg&mammhes ttPiaSitRk] artl B 16 Tl ieysHas, arbines,

causing a chem cal reaction in the fluid or phy5|cal change in the
el ast oner alcSholsabkierss ehibisg traplas fatty amijdesgad theflike ¢arbrlse deiusgdoiJuch

i ncl ude organic osphat e aronat i s e ti

hydr ocar SRIAIVES FSLDF e i 8 AFowafabans 0.0iCHo S e Rbeafly abovt

pol ybut englo 1S be amIPLEcompEinddfidvide imied RedispReotidean

anount of“at}out 0.01 'Ezo 3 wt o A)corﬁgf erabﬁy z;bout 015??‘30 2 W%
‘decomposition capability, szgmficantly below that exhlbltcd by compounds
disclosed and claimed in this patent and can therefore be eliminated from the
formulation or, if retained, kept at a minimal concentration to facilitate

production of low SAP formulations.

Antioxidants

[077] Antioxidants retard the oxidative degradation of base oils during
service. Such degradation may result in deposits on metal surfaces, the presence
of.sludge, or a viscosity increase in the Jubricant. One skilled in the art knows a
wide variety of oxidation inhibitors that are useful in lubricating oil composi-
tions. See, Klamann in Lubricants and Related Products, op cite, and U.S.
Patents 4,798,684 and 5,084,197, for example, each of which is incorporated by

reference herein in its entirety.

[078] Useful antioxidants include hindered phenols. These phenolic anti-
oxidants may be ashless (metal-free) phenolic compounds or neutral or basic
metal salts of certain phenolic compounds. Typical phenolic antioxidant
compounds are the hindered phenolics which are the ones which contain a
sterically hindered hydroxyl group, and these include those derivatives of
dihydroxy aryl compounds in which the hydroxyl groups are in the o- or p-

position to each other. Typical phenolic antioxidants include the hindered



Anti - Foam Agents [0115] Anti-foam agents nmay advant ageously be added
to | ubri cwotoeranpassi ti ons. These agents retard the for nedmars2ed7/007767
stable foans. Silicones and organic polyners are typical anti-foam
agents. For exanple, polysiloxanes, such as silicon oil or

pol ydi net hyl sil oxane, provide antifoam properties. Anti-foam agents
are comrercially avail able and may be used in conventional m nor
anopunts along with other additives such as denulsifiers; usually the
amount of these additives conbined is | g§s than 1 percent and often

| ess than 0.1 percent. Inhibitors and Antirust Additives

[0116] Antirust additives (or _corrosion inhibitor are addi ti,ves that
prot ect | phenalassbstiuted with Cat éﬁ‘)’i@?\ﬂ%ﬁ a'E‘:EH}ﬁ akpylens; ‘%R}}Pqﬁér dEHVaIve:
ot her contapi nart Sy AW I Fal: e -
ava | abl oot Pieag Bider i ERol o s SEJARAORIMIRIIN 61 Bl ype 2-huty
Product s, 4%gﬁjrlt pherdl;17k- -3vdeybpheénulj 2usbutatidi-dodeyl phanglo Rs6-di-t-
conpound that wets the netal surface preferentjally, protecting it

with a fibuiydid-beptyl phonok2,6-dd-tarty bdrdadesy! phenal; ¢emssdrart bty ld-
by i ting it i L5 N0l | si h | .0
Cyuches. | REptLBHendls pRd 2ot T-b iRl AR ol o ot pehil hifihcred

cheni cal | yhRdhgh&foliCaniekidRAR! mhP iiFlade 6r exanple Kindered2 Sudit-alkyl-
Exanpl es of suitable additives include zinc dithiophosphates, netal

phenol at ephetelis propsiatiic seter slenivatives.aBis-phenelic apdoxidapissmayglsp be

additives be used in.an ampunt. of oMt . Mt % y

about 0. Oig‘?%“ig%o‘%&/ousﬂ L EPER IR V@&sﬂ%[lgi@éf H}\'e P:e%lf |%’gd’lﬁ%%:’%?}|y er

i s any mapgpbadoupledBhsisI8lificludal 2§2ﬂbi§(4ﬂfeptj196-ﬁmﬂ-?haﬂil);(ﬁ,2’~_bis_(4-

friction of a surface |ubricated %_%Ré/dlubrlcant or fluid containin
3

g
such mat eocil{l-butlinhanol); modi 2,2 asgcy hévinbuty - phieap)e Para-coupled
reducers, b?s&:hleggfsliﬁ{:fu%e %6\9 e%gr%ylé %?ﬁi%?@é-%ﬁ%%%@?@ﬂe@oﬁ) afé 4,4'-

methylene-bis(2,6-di-t-butyl phenol).

[079] Non-phenolic oxidation inhibitors which may be used include aromatic
amine antioxidants and these may be used either as such or in combination with
phenolics. Typical examples of non-phenolic antioxidants include: alkylated
and non-alkylated aromatic amines such as aromatic monoamines of the formula
RERPRI°N where R® is an aliphatic, aromatic or substituted aromatic group, R’ is
an aromatic or a substituted aromatic group, and R'? is H, alkyl, aryl or
RMS(0)xR'? where R'? is an alkylene, alkenylene, or aralkylene group, RZisa
higher alkyl group, or an alkenyl, aryl, or alkaryl group; and x is 0, 1 or 2. The
aliphatic group R® may contain from 1 to about 20 carbon atoms, and preferably
contains from about 6 to 12 carbon atoms. The aliphatic group is a saturated
aliphatic group. Preferably, both R® and R? are aromatic or substituted aromatic
groups, and the aromatic group may be a fused ring aromatic group such as
naphthyl. Aromatic groups R® and R® may be joined together with other groups

such as S.

[080] Typical aromatic amines antioxidants have alkyl substituent groups of at
least about 6 carbon atoms. Examples of aliphatic groups include hexyl, heptyl,

octyl, nonyl, and decyl. Generally, the aliphatic groups will not contain more
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organic acid such as a sulfur acid, carboxylic acid, phosphorous acid, phenol, or

mixtures thereof, The counterion is typically an alkaline earth or alkali metal.

[085] Salts that contain a substantially stochiometric amount of the metal are
described as neutral salts and have a total base number (TBN, as measured by
ASTM D2896) of from 0 to 80. Many compositions are overbased, containing
large amounts of a metal base that is achieved by reacting an excess of a metal
compound (a metal hydroxide or oxide, for example) with an acidic gas (such as
carbon dioxide). Useful detergents can be neuiral, mildly overbased, or highly

overbased.

[086] It is desirable for at least some detergent to be overbased. Overbased
detergents help neutralize acidic impurities produced by the combustion process
and become entrapped in the oil. Typically, the overbased material has a ratio of
metallic ion to anionic portion of the detergent of about 1.05:1 to 50:1 on an
equivalent basis. More preferably, the ratio is from about 4:1 to about 25:1. The
resulting detergent is an overbased detergent that will typically have a TBN of
about 150 or higher, often about 250 to 450 or more. Preferably, the overbasing
cation is sodium, calcium, or magnesium. A mixture of detergents of differing

TBN can be used in the present invention.

[087] Preferred detergents include the alkali or alkaline earth metal salts of

sulfonates, phenates, carboxylates, phosphates, and salicylates.

[088] Sulfonates may be prepared from sulfonic acids that are typically
obtained by sulfonation of alkyl substituted aromatic hydrocarbons. Hydro-
carbon examples include those obtained by alkylating benzene, toluene, xylene,
naphthalene, biphenyl and their halogenated derivatives (chlorobenzene,
chlorotoluene, and chloronaphthalene, for example). The alkylating agents
typically have about 3 to 70 carbon atoms. The alkaryl sulfonates typically
contain about 9 to about 80 carbon or more carbon atoms, more typically from

about 16 to 60 carbon atoms.
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as dispersants/detergents.

[090] Alkaline earth phenates are another useful class of detergent. These
detergents can be made by reacting alkaline earth metal hydroxide or oxide
(Ca0, Ca(OH);, BaO, Ba(OH),, MgO, Mg(OH),, for example) with an alkyl
phenol or sulfurized alkylphenol. Useful alkyl groups include straight chain or
branched C;-Csp alkyl groups, preferably, C4-Cag. Examples of suitable phenols
include isobutylphenol, 2-ethylhexylphenol, nonylphenol, dodecyl phenol, and
the like. It should be noted that starting alkylphenols may contain more than one
alkyl substituent that are each independently straight chain or branched. When a
non-sulfurized alkylphenol is used, the sulfurized product may be obtained by
methods well known in the art. These methods include heating a mixture of
alkylphenol and sulfurizing agent (including elemental sulfur, sulfur halides such
as sulfur dichloride, and the like) and then reacting the sulfurized phenol with an

alkaline earth metal base.

[091] Metal salts of carboxylic acids are also useful as detergents. These
carboxylic acid detergents may be prepared by reacting a basic metal compound
with at least one carboxylic acid and removing free water from the reaction
product. These compounds may be overbased to produce the desired TBN level.
Detergents made from salicylic acid are one preferred class of detergents derived
from carboxylic acids. Useful salicylates include long chain alkyl salicylates.

One useful family of compositions is of the formula
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OH 2

where R is a hydrogen atom or an alkyl group having 1 to about 30 carbon
atoms, n is an integer from 1 to 4, and M is an alkaline earth metal, Preferred R
groups are alkyl chains of at least Cy, preferably C,3 or greater. R may be
optionally substituted with substituents that do not interfere with the detergent’s
function. M is preferably, calcium, magnesium, or barium. More preferably, M

is calcium.

[092] Hydrocarbyl-substituted salicylic acids may be prepared from phenols
by the Kolbe reaction. See USP 3,595,791 for additional information on
synthesis of these compounds. The metal salts of the hydrocarbyl-substituted
salicylic acids may be prepared by double decomposition of a metal salt in a

polar solvent such as water or alcohol.
[093] Alkaline earth metal phosphates are also used as detergents.

[094] Detergents may be simple detergents or what is known as hybrid or
complex detergents. The latter detergents can provide the properties of two
detergents without the need to blend separate materials. See USP 6,034,039 for

example.

[095] Preferred detergents include calcium phenates, calcium suifonates,
calcium salicylates, magnesium phenates, magnesium sulfonates, magnesium
salicylates and other related components (including borated detergents).
Typically, the total detergent concentration is about 0.01 to about 6.0 wt%,
preferably, about 0.1 to 0.4 wt%.
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Dispersant

[096] During engine operation, oil-insoluble oxidation byproducts are
produced. Dispersants help keep these byproducts in solution, thus. diminishing
their deposition - on metal surfaces. Dispersants may be ashiess or ash-forming in
nature. Preferably, the dispersant is ashless. So called ashless dispersants are
organic materials that form substantially no ash upon combustion. For example,
non-metal-containing or borated metal-free dispersants are considered ashless.
In contrast, metal-containing detergents discussed above form ash upon

combustioi.

[097] Suitable dispersants typically contain a polar group attached to a
relatively high molecular weight hydrocarbon chain. The polar group typically
contains at least one element of nitrogen, oxygen, or phosphorus. Typical

hydrocarbon chains contain 50 to 400 carbon atoms.

[098] Chemically, many dispersants may be characterized as phenates,
sulfonates, sulfurized phenates, salicylates, naphthenates, stearates, carbamates,
thiocarbamates, phosphorus derivatives. A particularly useful class of
dispersants are the alkenylsuccinic derivatives, typically produced by the
reaction of a long chain substituted alkenyl succinic compound, usuaily a
substituted succinic anhydride, with a polyhydroxy or polyamino compound.
The long chain group constituting the oleophilic portion of the molecule which
confers solubility in the oil, is normally a polyisobutylene group. Many
examples of this type of dispersant are well known commercially and in the
literature. Exemplary U.S. patents describing such dispersants are 3,172,8§2;
3,2145,707; 3,219,666; 3,316,177, 3,341,542;' 3,444,170; 3,454,607; 3,541,012;
3,630,904; 3,632,511; 3,787,374 and 4,234,435. Other types of dispersant are
described in U.S. Patents 3,036,003; 3,200,107; 3,254,025; 3,275,554;
3,438,757; 3,454,555; 3,565,804; 3,413,347; 3,697,574; 3,725,277, 3,725,480;
3,726,882; 4,454,059; 3,329,658; 3,449,250; 3,519,565; 3,666,730; 3,687,849;
3,702,300; 4,100,082; 5,705,458. A further description of dispersants may be
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found, for example, in European Patent Application No. 471 07 1, to which

reference is made for this purpose.

[099] Hydrocarbyl-substituted suceinic acid compounds are popular
dispersants. In particular, succinimide, succinate esters, or succinate ester
amides prepared by the reaction of a hydrocarbon-substituted succinic acid
compound preferably having at least 50 carbon atoms in the hydrocarbon
substituent, with at least one equivalent of an alkylene amine are particularly
useful.

[0100] Succinimides are formed by the condensation reaction between alkenyl
succinic anhydrides and amines. Molar ratios can vary depending on the poly-
amine. For example, the molar ratio of alkenyl succinic anhydride to TEPA can
vary from about 1:1 to about 5:1. Representative examples are shown in U.S.
Patents 3,087,936; 3,172,892; 3,219,666; 3,272,746; 3,322,670; and 3,652,616,
3,948,800; and Canada Pat. No. 1,094,044,

[0101] Succinate esters are formed by the condensation reaction between
alkenyl succinic anhydrides and alcohols or polyols. Molar ratios can vary
depending on the alcohol or polyol used. For example, the condensation product

of an alkenyl succinic anhydride and pentaerythritol is a useful dispersant.

[0102] Succinate ester amides are formed by condensation reaction between
alkenyl succinic anhydrides and alkanol amines. For example, suitable alkanol
amines include ethoxylated polyalkylpolyamines, propoxylated polyalkylpoly-
amines and polyalkenylpolyamines such as polyethylene polyamines. One
example is propoxylated hexamethylenediamine. Representative examples are
shown in USP 4,426,305.

[0103] The molecular weight of the alkeny! succinic anhydrides used in
the preceding paragraphs will typically range between 800 and 2,500. The
above products can be post-reacted with various reagents such as sulfur, oxygen,

formaldehyde, carboxylic acids such as oleic acid, and boron compounds such as
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borate esters or highly borated dispersants. The dispersants can be borated with
from about 0.1 to about 5 moles of boron per mole of dispersant reaction

product.

[06104] Mannich base dispersants are made from the reaction of alkylphenols,
formaldehyde, and amines. See USP 4,767,551, which is incorporated herein by
reference. Process aids and catalysts, such as oleic acid and sulfonic acids, can
also be part of the reaction mixture. Molecular weights of the alkylphenols
range from 800 to 2,500. Representative examples are shown in U.S. Patents
3,697,574; 3,703,536; 3,704,308; 3,751,365; 3,756,953; 3,798,165; and
3,803,039.

[0105] Typical high molecular weight aliphatic acid modified Mannich
condensation products useful in this invention can be prepared from high
molecular weight alkyl-substituted hydroxyaromatics or HN(R), group-

containing reactants.

[0106] Examples of high molecular weight alkyl-substituted hydroxyaromatic
compounds are polypropylphenol, polybutylphenol, and other polyalkylphenols.
These polyalkylphenols can be obtained by the alkylation, in the presence of an
alkylating catalyst, such as BF3, of phenol with high molecular weightlpoly-
propylene, polybutylene, and other polyalkylene compounds to give alkyl
substituents on the benzene ring of phenol having an average 600-100,000

molecular weight.

[0107] Examples of HN(R), group-containing reactants are alkylene
polyamines, principally polyethylene polyamines. Other representative organic
compounds containing at least one HN(R), group suitable for use in the prepara-
tion of Mannich condensation products are well known and include the mono-
and di-amino alkanes and their substituted analogs, e.g., ethylamine and
diethanol amine; aromatic diamines, e.g., phenylene diamine, diamino

naphthalenes; heterocyclic amines, e.g., morpholine, pyrrole, pyrrolidine,
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imidazole, imidazolidine, and piperidine; melamine and their substituted

analogs.

[0108] Examples of alkylene polyamide reactants include ethylenediamine,
diethylene triamine, triethylene tetraamine, tetracthylene pentaamine, penta-
ethylene hexamine, hexaethylene heptaamine, heptaethylene octaamine,
octaethylene nonaamine, nonaethylene decamine, and decaethylene undecamine
and mixture of such amines having nitrogen contents corresponding to the
alkylene polyamines, in the formula H,N-(Z-NH-)H, mentioned before, Z is a
divalent ethylene and n is 1 to 10 of the foregoing formula. Corresponding
propylene polyamines such as propylene diamine and di-, tri-~, tetra-, penta-
propylene tri-, tetra-, penta- and hexaamines are also suitable reactants. The
alkylene polyamines are usually obtained by the reaction of ammonia and dihalo
alkanes, such as dichloro alkanes. Thus the alkylene polyamines obtained from
the reaction of 2 to 11 moles of ammonia with 1 to 10 moles of dichloroalkanes
having 2 to 6 carbon atoms and the chlorines on different carbons are suitable

alkylene polyamine reactanis.

[0109] Aldehyde reactants useful in the preparation of the high molecular
products useful in this invention include the aliphatic aldehydes such as
formaldehyde (also as paraformaldehyde and formalin), acetaldehyde and aldol
(B-hydroxybutyraldehyde). Formaldehyde or a formaldehyde-yielding reactant

is preferred.

[0110] Hydrocarbyl substituted amine ashless dispersant additives are well
known to one skilled in the art; see, for example, USP Nos. 3,275,554;
3,438,757; 3,565,804; 3,755,433; 3,822,209 and 5,084,197,

[0111] Preferred dispersants include borated and non-borated succinimides,
including those derivatives from mono-succinimides, bis-succinimides, and/or
mixtures of mono- and bis-succinimides, wherein the hydrocarbyl succinimide is

derived from a hydrocarbylene group such as polyisobutylene having a Mn of
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from about 500 to about 5000 or a mixture of such hydrocarbylene groups.

Other preferred dispersants include succinic acid-esters and amides, alkylphenol-
polyamine-coupled Mannich adducts, their capped derivatives, and other related
components. Such additives may be used in an amount of about 0.1 to 20 wt%,

preferably about 0.1 to 8 wi%.

Pour Point Depressants

[0112] Conventional pour point depressants (also known as lube oil flow
improvers) may be added to the compositions of the present invention if desired.
These pour point depressant may be added to lubricating compaositions of the
present invention to lower the minimum temperature at which the fluid will flow
or can be poured. Examples of suitable pour point depressants include poly-
methacrylates, polyacrylates, polyarylamides, condensation products of
halc-)paraffin waxes and aromatic con%pounds, vinyl carboxylate polymers, and
terpolymers of dialkylfumafates, vinyl esters of fatty acids and ally} vinyl ethers.
USP Nos. 1,815,022; 2,015,748; 2,191,498; 2,387,501; 2,655, 479; 2,666,746;
2,721,877; 2.721,878; and 3,250,715 describe useful pour point depressants
and/or the preparation thereof. Such additives may be used in an amount of
about 0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%.

Corrosion Inhibitors

[0113] Corrosion inhibitors are used to reduce the degradation of metallic
parts that are in contact with the lubricating oil composition. Suitable corrosion
inhibitors include thiadiazoles. See, for example, USP Nos. 2,719,125;
2,719,126; and 3,087,932. Such additives may be used in an amount of about
0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%.

Seal Compatibility Additives

[0114] Seal compatibility agents help to swell elastomeric seals by causing a
chemical reaction in the fluid or physical change in the elastomer. Suitable seal

compatibility agents for lubricating oils include organic phosphates, aromatic



2.85 3.05 325 3.44 3.64 - 46 - added viscosity nodifier. Smaller

val ues, iwe.2podxeess rati o val ues are indicative of bett ecTitsokenrwy
due to the viscosity nodifiers. As nore G L is added, the thickening
ability of the viscosity nodifier in the blend decreases. The results
are presented graphically in Figure 2. [0128] Wen one plots the %
viscosity increase fromFigure 1/ Tabl e 2 agai nst the pol yner

t hi ckener paraneter of Figure 2/ Table 3 one sees that there is an
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not only a significant reduction in viscosity increase due to soot

but still obtains the desirable thlckenlga due to soot but still
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results at %lﬁgu?éﬂlts%%cirﬁcmggnﬁea@%cﬁ a%%xtwes maA%IBﬁJS%d in an amount of
about 0.01 to 3 wt%, preferably about 0.01 to 2 wt%.

Anti-Foam Agents
[0115] Anti-foam agents may advantageously be added to lubricant composi-
tions. These agents retard the formation of stable foams. Silicones and organic
polymers are typical anti-foam agents. For example, polysiloxanes, such as
silicon oil or polydimethyl siloxane, provide antifoam properties. Anti-foam

. agents are commercially available and may be used in conventional minor
amounts along with other additives such as demulsifiers; usually the amount of

these additives combined is less than 1 percent and often less than 0.1 percent,

Inhibitors and Antirust Additives -
[0116]  Antirust additives (or corrosion inhibitors) are additives that protect

lubricated metal surfaces against chemical attack by water or other
contaminants. A wide variety of these are commercially available; they are

referred to in Klamann in Lubricants and Related Products, op cit.

[i)117] One type of antirust additive is a polar compound that wets the metal
surface preferentially, protecting it with a film of o0il. Another type of antirust
additive absorbs water by incorporating it in a water-in-oil emulsion so that only
the oil touches the metal surface. Yet another type of antirust additive
chemically adheres to the metal to produce a non-reactive surface. Examples of
suitable additives include zinc dithiophosphates, metal phenolates, basic metal
sulfonates, fatty acids and amines. Such additives may be used in an amount of
about 0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%,

Friction Modifiers
[0118] A friction modifier is any material or materials that can alter the

coefficient of friction of a surface lubricated by any lubricant or fluid containing

such material(s). Friction modifiers, also known as friction reducers, or lubricity
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agents or oiliness agents, and other such agents that change the ability of base
oils, formulated lubricant compositions, or functional fluids, to modify the
coefficient of friction of a lubricated surface may be effectively used in
combination with the base oils or lubricant compositions of the present invention
if desired. Friction modifiers that lower the coefficient of friction are
particularly advantageous in combination with the base oils and lube composi-
tions of this invention. Friction modifiers may include metal-containing
compounds or materials as well as ashless compounds or materials, or mixtures
thereof. Metal-containing friction modifiers may include metal salts or metal-
ligand complexes where the metals may include alkali, alkaline earth, or
transition group metals, Such metal-containing friction modifiers may also have
low-ash characteristics. Transition metals may include Mo, Sb, Sn, Fe, Cu, Zn,
and others. Ligands may include hydrocarbyl derivative of alcohols, polyols,
glycerols, partial ester glycerols, thiols, carbokylates, carbamates, thiocarba-
matés, dithiocarbamates, phosphates, thiophosphates, dithiophosphates, amides,
imides, amines, thiazoles, thiadiazoles, dithiazoles, diazoles, triazoles, and other
polar molecular functional groups containing effective amounts of O, N, S, or P,
individually or in combination. In particular, Mo-containing compounds can be
particularly effective such as for example Mo-dithiocarbamates, Mo(DTC), Mo-
dithiophosphates, Mo(DTP), Mo-amines; Mo (Am), Mo-alcoholates, Mo-
alcohol-amides, etc. See USP 5,824,627, USP 6,232,276; USP 6,153,564,
USP 6,143,701; USP 6,110,878; USP 5,837,657; USP 6,010,987, USP
5,906,968; USP 6,734,150; USP 6,730,638; USP 6,689,725; USP 6,569,820,
WO 99/66013; WO 99/47629; WO 98/26030.

[0119] Ashless friction modifiers may have also include lubricant materials
that contain effective amounts of polar groups, for example, hydroxyl-containing
hydrocarbyl base oils, glycerides, partial glycerides, glyceride derivatives, and
the like. Polar groups in friction modifiers may include hydrocarbyl groups

containing effective amounts of O, N, 8, or P, individually or in combination.
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Other friction modifiers that may be particularly effective include, for example,
salts (both ash-containing and ashless derivatives) of fatty acids, fatty alcohols,
fatty amides, fatty esters, hydroxyl-containing carboxylates, and comparable
synthetic long-chain hydrocarby! acids, alcohols, amides, esters, hydroxy
carboxylates, and the like. In some instances fatty organic acids, fatty amines,

and sulfurized fatty acids may be used as suitable friction modifiers.

[0120] Useful concentrations of friction modifiers may range from about 0.01
wt% to 10-15 wt% or more, often with a preferred range of about 0.1 wit% to 5
wt%. Concentrations of molybdenum-containing materials are often described
in terms of Mo metal concentration. Advantageous concentrations of Mo may
range from about 10 ppm to 3000 ppm or more, and often with a preferred range
of about 20-2000 ppm, and in some instances a more preferred range of about
30-1000 ppm. Friction modifiers of all types may be used alone or in mixtures
with the materials of this invention. Often mixtures of two or more friction
modifiers, or mixtures of friction modifier(s) with alternate surface active

material(s), are also desirable.

Typical Additive Amounts

[0121] When lubricating oil compositions contain one or more of the
additives discussed above, 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.

[0122] 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 the table below, as well as other amounts mentioned in
this patent, unless otherwise indicated are directed to the amount of active
ingredient (that is the non-solvent portion of the ingredient). The wi% indicated

below are based on the total weight of the lubricating oil composition.
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TABLE 1
Typical Amounts of Various Lubricant Oil Components
Compound Approximate wit% (useful) Approximate 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
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-foarn Agent 0.001-3 0.001-0.15
Base stock or base oil Balance. Balance
EXAMPLES
Example 1

[0123] Blends were prepared comprising only GTL 6 of nominal KV 6.0
mm?/s at 100°C, a mixture of only 150N and 600N Group I base oil the KV of
the mixture being nominally 6.0 mm?/s @ 100°C, and combinations of the
GTL 6 and the 150N/600N base oils. All contained 2.0 wi% (as received)
dispersant Infineum C9268. The blends were tested in a soot handling screener
test which adds 3 wt% carbon black to the blend replicating 3 wi% soot in the

oil,

[0124] The screener test is summarized below:
1. Prepared blend by adding designated amount of carbon black paste (20%
carbon black) and test oil to a blender. Blend for 5 minutes at high speed.

2. Transfer mixture to beaker with magnetic stir bar. Stir at 200 rpm for 1 hour
at 65°C.

3. Immediately afier stirring, charge the mixture to the viscometer in the 100°C
KV bath. Allow sample to equilibrate for exactly 15 minutes, then measure

the Kinematic viscosity.

4. For each oil, measure the viscosity increase at each increasing weight

percent. Stop testing when viscosity increase exceeds 200%.
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oil in conbination with about 90 to f a conventional
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and/ or G oufi®f badd-&t ockl10-2 9.250 41%
60.0 33.2 6.8 6.543 8.480 30%
80.0 16.6 3.4 6.451 7.970 24%
100.0 0.0 0.0 6.451 7.440 15%

The results are presented graphically in Figure 1.

Example 2

[0126] In this Example the relationship between GTL content and the desired

thickening ability of two different viscosity modifiers at two different concentra-

tions in blends is investigated. A 6.0 mm?%s GTL 6 and a 6.0 mm?*/s Group I

blend were used. No carbon black was added. The GTL/Group I base stock

combinations used in Example 2 are the same as those used in Example 1 above.
TABLE 3

% GTL/% Group I Blend 0/100 | 20/80 § 40/60 | 60/40 | 80/20 | 100/0

Viscosity: Blend with 15 wt% (as
recewed) Paratone 8011 (mrnzls) 16.0 15.5 152 14.8 14.5 14.2

Thickening parameter: %
Paratone 8011/change in KV100 1.50 1.57 1.64 | 1.70 | 1.77 | 1.82

Viscosity: Blend with 25 wi% (as
receiyed) Infineum SVs 151 154 | 148 | 142 | 13.7 | 133 | 12.9
(mm?/s)

Thickening parameter: %
Shellvis 151/change in KV100 265 | 2.85 | 3.05 | 325 | 344 | 3.64

[0127] Larger ratios of % viscosity modifier to change in viscosity represent

less thickening ability or solubilizing power of the base stock of the deliberately
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© are presented graphically in Figure 2.

[0128] When one plots the % viscosity increase from Figure 1/Table 2 against
the polymer thickener parameter of Figure 2/Table 3 one sees that there is an
unexpected optional regime of GTL content within which one achieves not only
a significant reduction in viscosity increase due to soot but still obtains the
desirable thickening due to soot but still obtains the desirable thickening due to

the viscosity modifiers. The results are presented in Table 4 and Figure 3.

TABLE 4
% GTL/% Group I Blend 0/100 | 20/80 | 40/60 | 60/40 | 80/20 | 100/0
wit% Sulfur 0.183 | 0.147 [ 0.110 |} 0.073 | 0.037 | 0.000

% Viscosity Increase from Soot 208% | 73% | 41% | 30% | 24% | 15%

Viscosity: Blend with 15 wt% 16.0 15.5 152 | 148 | 145 | 142
(as received) Paratone 8011 (cSt)

% Paratone/delta KV100 1.50 1.57 1.64 | 1.70 | 1.77 | 1.82

[0129] Blends containing between 10 and 80 wt% GTL in the base oil; prefer-
ably 20 to 60 wt% GTL in the base oil unexpectedly exhibited both a significant
reduction in the viscosity increase due to soot in the oil which retaining the

desired thickening effect due to the viscosity modifier.
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CLAIMS:

1. A method for controlling the soot induced viscosity increase of
conventional/mineral oil derived base stock or base oil tubricating oils used in
diesel engines during use by adding to the lubricating oil about 10 to 80 wt% of
a GTL base stock and/or base oil and/or hydrodewaxed or hydroisomerized/-
catalytic (or solvent) dewaxed base stock or base oil, based on the weight of the
total base oil.

2. A method for controlling the soot induced viscosity increase of
lubricating oils used in diesel engines during use by employing as the diesel
engine lubricating oil an oil formulation comprising a base stock or base oil
containing about 10 to 80 wt% of a GTL base stock and/or base oil and/or
hydrodewaxed or hydroisomerized/catalytic (or solvent) dewaxed base stock
and/or base oil in combination with about 90 to 20 wt% of a conventional
petroleum/mineral oil derived base stock, based on the weight of the total base

oil.

3. The method of claim 1 or 2 wherein the amount of GTL base stock
and/or base oil and/or hydrodewaxed or hydroisomerized/catalytic (or solvent)
dewaxed base stock and/or base oil is in the range of about 10 to 70 wt% based

on the weight of the total base oil.

4. The method of claim 1 or 2 wherein the conventional

petroleum/mineral oil derived base stock is a Group I and/or Group II base stock.

5. The method of claim 4 wherein the conventional petroleurn/mineral

oil derived base stock is a Group I base stock.

6. The method of claim 1 or 2 wherein the GTL base stock and/or base
oil and/or hydrodewaxed or hydroisomerized/catalytic (or solvent) dewaxed base
stock and/or base 0il has a kinematic viscosity at 100°C in the range of about 2

to 50 mm?/s.
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7. The method of claim 2 wherein the conventional petroleum/mineral
oil derived base stock has a kinematic viscosity at 100°C in the range of about 2

to 20 mm?/s.

8. The method of claim 1 or 2 wherein the GTL base stock and/or base
oil and/or hydrodewaxed or hydroisomerized/catalytic (or solvent) dewaxed base
stock and/or base oil has a kinematic viscosity at 100°C in the range of about 3.5
to 30 mm?%/s and the conventional petroleum/mineral oil derived stock is a Group
I and/or Group 11 stock which has a kinematic viscosity at 100°C in the range of

about 4 to 8 mm?/s.



