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16 FIELD OF THE INVENTION

17
18 The disclosure herein relates to a multigrade engine oil prepared from a

19 ” Fischer-Tropsch distillate base oil that is capable of meeting the specifications
20 foriLSAC GF-3 or GF-4 and the SAE J300 revised June 2001 requirements
21  for MRV TR-1 prepared by blending the Fischer-Tropsch base oil with a pour
22  point depressing base oil blending component and an additive package

23  meeting ILSAC GF-3 or GF-4 requirements.

24 .

25 Inafirst aspect, there is provided a multigrade engine oil meeting the

28 - specifications for SAE J300 revised June 2001 requirements, said engine oil
27  comprising: '

28 (a) between about 15 to about 94.5 wi% of hydroisomerized

28
30

distillate Fischer-Tropsch base ol characterized by
(i) a kinematic viscosity between about 2.5 and about 8 ¢St at
31 100°C, (ii) at least about 3 wt% of the molecules having
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-1 cycloparaffin functionality, and (iii) a ratio of weight percent molecules
with monocycloparaffin functionality to weight percent of molecules with
multicycloparaffin functionality greater than about 15; (b) between about
0.5 to about 20 wt% of a pour point depressing base oil-blending
component prepared from an hydroisomerized bottoms material having
an average degree of branching in the molecules between about 5 and
about 9 alkyl-branches per 100 carbon atoms and wherein not more than
10 wt% boils below about 900F; and (c) between about 5 to about 30 wt%
of an additive package designed to meet the specifications for ILSAC

GF-3.Ina Secoﬁgc%ﬁé%?ﬁﬁrﬁf%ﬂ@ﬁ [ded@ Mrosess dasRIBRMINGAent
multigrade engine oil meeting the sgg‘tgificatioag? for SAE JSO(@L\?%ed

June 2001 requlteiRRHRS Wit 2BRmRRRETEY Ry HRSUSRRAIR, Hge iR gkpercent

Fischer-Tropschybasgeailiss anthsamitizabearedheimttopsdiseneeatéanan
hydroisomeriza%%%g lyst and hydrogen under pre-selected conditions
determined to hydroisomerized Fischer-Tropsch base oil
product; (b) recovering from the isomerization zone a hydroisomerized

Fischer-Tropsc iLproduck: - ST ydri ' .

Fischer- "{b ops%g@gg%go#gﬁgﬁ uéctJE é?écgg}v%%% %%/rt#ﬁ]% ﬁ%ﬁﬁﬁ%ﬁ%ﬁgﬂg

under distillatiorbassneitidagdine-semprite psreatd diommeas hydroisomerized

F'SChef-Tfopscfb&aﬁﬁsq%&émﬁsw%da@mbaa@@%@@%@%%ﬁxhing in the
a

between about 2.5 and about 8 ¢St at 100C, ﬁ%il) at least about 3 wt% of

the molecules HBRIRGHSEREWRSRHPRRIG D ARG Bi WIS T ORR R

percent moleculegonitine Rasyel epar affiaBingiienabine oyaneighi s resny

of molecules Witgeﬁgwté%c&?ggg‘)@ggnagqc?ctionality greater than about 15;

(c) betwsen about 5 to about 30 wt% of an additive package
designed to meet the speacifications for ILSAC GF-3.

In a second aspect, there is provided a process for preparing a multigrade
engine oil meeting the specifications for SAE J300 revised June 2001

requirements which comprises:

(@)  hydroisomerizing a waxy Fischer-Tropsch base oil in an
isomerization zone in the presence of a hydroisomerization
catalyst and hydrogen under pre-selected conditions determined
{o provide a hydroisomerized Fischer-Tropsch base oil product;

(b)  recovering from the isomerization zone a hydroisomerized
Fischer-Tropsch base oil product;
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(d) blending the distillate Fischer-Tropsch base oil with (I) a pour point
depressing base oil blending component prepared from an
hydroisomerized bottoms material having an average degree of
branching in the molecules between about 5 and about 9 alkyl-branches
per 100 carbon atoms and wherein not more than 10 wt% boils below
about 900F and (li) an additive package designed to meet the
specifications for ILSAC GF-3 in the proper proportions to yield a
multigrade engine oil meeting the specifications for SAE J300 revised
-June 2001. BACKGROUND OF THE INVENTION Engine oils are finished
crankcasédubricsfilingéiri BUdTr sREATZRIOTIRIRY - eFpIATS herpdidsepduct
engines and congish - M@ SeNPIAI SAMDONRNIE, 2 ik R RRINGRASEA

and additives. Lubricating base oil is the Cn;ﬂor constituent in these

finished lubricarfTE#PEs RItoBRRERhIn CRllRFtG RisThidigdrinsb et Tifppsch

| erbgis\? (;)ilz-ol gecj(e)agg@zlfa; éﬁ_ﬁr\;&@%iﬁ:@és%@ﬁﬁg@ @iﬁ@ﬁ@weﬁfwﬂy{ﬂ?@ﬁ%mut
- a variety of engine gils
varying the mixté?‘(:‘-lggsa%‘iJ ﬁ%ﬁ{flﬁl%&%%ﬁﬁfgﬁné{bé%@\{%gﬁg h%dmgﬁgf%e
additives. 3 4 Nmivienniss Ggavergingchvparafft dascliockiitingQiidina ratio of
Equipment 5 Manuf rer ' i r Ipsti .
(P16 AssocialBk e Eles s T EBRATRBh fai ey o
American SocieWsipiBfrRsstngrarRigatdea with STNiG eepamionaunctionality

Lubricant Standrgpgg@p%ﬁ%o%ﬁmaroval Committee (ILSAC), and the

Society of Automiotive Engineers 9 (SAE), among others, define the

specifications for lubricating base oils and 10 engine oils. Increasingly,

the specifigationg;éagpRaNEeNEaIRAR @&Qerééméug§wimmW%r
low temperature pr,ogerties, high oxidatjon stapility, 12 and low volatiljt

Currently, only PSiRaHSPERIADPARE SIS FHING FRIRALRI G REHRS ogn an
able to meet thesgggisansingspetificalionserid Aavingodcatiegdaseitss of

are petroleum defiyed o SIS TSRS GRRLRYRG. 5 and about
” 8 alkyi-branches bar 100 carbon atoms and wherein not more
than 40 wt% boils below about 800°F and (i) an additive
package designed to meet the specifications for ILSAC GF-3 in
the proper proporiions o yield a multigrade engine oil meeting *
the specifications for SAE J300 revised June 2001.

BACKGROUND OF THE INVENTION

Engine oils are finished crankcase lubricants intended for use in automobile
engines and diesel engines and consist of two general components; a
lubricating base oil and additives. Lubricating base oll is the major constituent
in these finished lubricants and contributes significantiy to the properties of
the engine oil. In general, a few lubricating base oils are used to manufacture
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16 a viscosity of about 2.5 cSt or greater at 100C, preferably about 4 cSt

or 17 greater at 100 C; a pour point of about 9 C or less, preferably about

-15 C or 18 less; and a VI (viscosity index) that is usually about 90 or
worsmtar gseeferably 19 about 100 or greater. Premium baserditgwgdtidsznzesan

VI of at least 120. 20 Lubricating base oils intended for preparing finished

iubrigaem@@ﬂ@wgm@cas@ Meatiovalattiine gesateintibanl cubeRiting base
onvepno\gg %Qg@é or%ggoul%ll light 22 neutral oils. 23 24 The term

bas? oif* Teferd h?/ Rarbon product having the above 25 properties
prior to the addition of additives. Base oils are generally recovered 26

o] | e tion 27
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meets the 30 minimum performance standards for the grade of the
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necessary to meet the appropriate requ e tWo
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Index improvers). DI additive packages serve to suspend oil contaminants
19 and combustion by-products as well as to prevent oxidation of the oil

1with {10BridFRpUtas IR matissyla@iriiaad @@ﬁmé@@%ﬂﬁ@émons having

oGRS Hh G P b e te A SR AR e e

10f thgrhetengmm Iﬁv\atemperamtrefsabﬂuﬂs Onpr teeSpttedsediyhpabiadie-15 C or
1§ nh?nce%ﬁg Sa{),'?r‘{&&'}q 9@ usually about 90 or greater, preferably

19 about 100 or greater. Premium base oils will have a Vi of at least 120,

20 Lubricating base oils intended for preparing finished lubricants should have a

21 Noack volatility no greater than current conventional Group | or Group I light

22 neutral oils.

23

24 The term "base oil” refers to a hydrocarbon product having the above

25 properties prior to the addition of additives. Base oils are generally recovered

26 from the higher boiling fractions recovered from the vacuum distillation

27  operation. They may be prepared from either petroleum-derived or from

28  syncrude-derived feedstocks. "Additives” are chemicals which are added to

29  improve certain properties in the finished lubricant so that it meets the

30  minimum performance standards for the grade of the finished lubricant. For

31 example, additives added 1o the engine oils may be used to improve stability

32  of the lubricant, lower its viscosity, raise the viscosity index, and control
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14 temperatures. In many multigrade engine oil applications VI improvers
have to 15 be used with DI additive packages. Engine oil additive
packages are available 16 from additive suppliers. Additive packages are
winemelatadisuch that, when 17 they are blended with a baseroit/osnasexasho
blend having the desired 18 properties, the resulting engine olil is likely to
meeg:shpsificthrnane illisaivica rringea RResfe s NgiNa Gl SRriahe
categories that are ysed, or being 20 developed, today include ILSAC |
%F-g,”ii@&d“érr&ﬁ%g?ﬁiﬁ?%ﬁ%aﬂ“ﬁﬁ tﬁéﬁ‘éf"af&' §3Fﬁ$‘ﬁ1h‘?hﬁﬂ’r%r the
specifigafiensoftstheitirioasgiiscotiticgrademdhangmails ise@bsary 1o meet
sta Ighedr%nsa@eErg glli;)esﬂt]arﬁ%ards as revised in June 2001. Base oils 25
%rep fedro products made by the Fischer-Tropsch synthesis reaction
are 26 characterized by a very low sulfur content and excellent stability

akig e, ficesselenl capddaiesfanbiRadinalain MO RBHe

nished lubricants. 28 Unfortunately, finishied lubricants blended from
Fischaskp@psthaderday hildioedddivRaskmgesdmag Yosrrsavers (Viscosity
sem@f%éwrrﬁfpfﬁ@ét)i.em RaHiGWashelRyeA0s PRy Al BPnoRalilityminants

Consequently, Fischer-Tropsch derived base oils 31 have had. difficylty,
B SATSH FISERP AFRSER P S R PPISEEm LB ) it he
1gpecitigationsamdeicBAE B0RasTe wieed 206hosBINVO ROBGL8AAdIfy the

PCT/U8200?1024860 1 ILtSAC F-3 re{er fo %n engipe oil.ser t e . .
1& NG characteristics of ancans yl_lha ucing.1he rate of imning with
ateé'g(l;’)?'gfeau omotive gasdline 2 enginés. This spetification became
1dfficiabadoly tErao@ailisaT Ge-kiefdrthicaninawite hyiremipseivites. VI
ate \Y i ' anuary
B B A A
14ulfdeMmpREHES IR B) SRR enaRerRibeBRAsion EiFnrpHars have to

1 BaxXPRURSUHR LR OMEAA RS TS OS8O pHE e eare available

maximum sulfur limit for IOW-XX oils is 0.7 wt%. An engine oil 8 meeting
B F-Iregyandien RiaRiR OB SRS AsSi AT SRTBURIP Y PRy nat 9N
1meeting Gie-Blepakitemenisomaydiairbest tieblenuiremiagttotasted3 10
1%”9'8%8élméé, the resulting engine oil is likely to meet a specified engine oil
18 service category. Specific engine oil service categories that are used, or being
20  developed, today include ILSAC GF-3, ILSAC GF-4, AP! Cl-4, and
21 APIPC-10.
22
23 The minimum specifications for the various viscosity grades of engine oils is
24 established by SAE J300 standards as revised in June 2001. Base oils
25  prepared from products made by the Fischer-Tropsch synthesis reaction are
26 characterized by a very low suliur content and excellent stability making them
27  excellent candidates for blending into high guality finished lubricants.
28  Unfortunately, finished lubricants blended from Fischer-Tropsch derived base
29  oils generally display poor low temperature properties, particutarly low
30 temperature pumpability. Consequently, Fischer-Tropsch derived base oils
31 have had difficulty passing the stringent mini-rotary viscometer (MRV) TP-1

32  viscosity specifications under SAE J300 as revised 2001.

.3



12 A multigrade engine oil refers to an engine oil that has
viscosity/temperature 13 characteristics which fall within the limits of two
different SAE numbers in 14 SAE J300. The present invention is directed
wio thes/disgnvery that multigrade 15 engine oils meeting the gpecifiaatongso
under SAE J300 as revised 2001, 16 including the MRV TP-1 viscosity

gpeqfisaiions- Mawde RIeRALREifeB tétischeilanssnhase ailrnadBthe

a defined cycloparaffin functionality when 18 they are blended with a pour
poinfABPRSSING SRSE BRasien dRcreshAirahem g hnd 20 AhdiweC GF-4 refers
packagena® Hgihs téﬁ?éiﬂﬁiébi&ﬁ@;ﬁ@ﬁ@f@%ﬁ@rﬁ‘&ﬁﬁb"@@ﬁdﬂﬁé@ﬁ'gﬁﬁes that was
“comprising” is intende en-en transition meani e

o BT R T AR o W T L Aok Qi

Gnnaraieg@ie mentsicEasen phwrasHUldonBisisc2d esskntialyrofaaf tesnsistiaog

i f.is-int : ' I .of
B e A R TS
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all butdhgreaited elemeniswith e exceREeGELPAMINERLA8, HAEes ehgine
impurities. -4 WO 2006/019821 PCT/US2005/024860. 1 BRIEF

B ESURIBFION SRS TRRHIFATIENPFIBRY N TRERSEAURGERMA for 2 GF-3

direciggite aimultigrade engine oil meeting the 4 specifications for SAE
’ 300 revised June 2001, said engine oil comprising 5 (a) between about
5 to about 94.5 wt% of a hydroisomerized distillate 6 Fischer-Tropsch
1Basefaihighigradteauein & pi{ijedickintenaat engiseosityhae treserist adiwiehbantlire
10U R LA AliTAsiehRA RN ARcrUles B hadng,
cycloparatffin functionality, and (ili) a ratio of weight percent molecules

thith s d8Blope afRpRI divaiRg {6 Giksigieddertundistasiactiistmiltigrade
150 myy 'm@lﬂﬁ%?é@ﬂﬁ@%%?%@%@%bﬂm apeuliddy Q) ReM&eb00 1,

about 0.5 to 11 about 20 wt% of a pour point depressing base oil blending

1Bompisiiting she-MiaYetrbiissesiyarpredfnatiors mtohRsnirrarms fiaving
18N aviyaes- T3 seoreasf biraneiing Ndemawiaeites REIVEaR-BBRLED when

1§nd %%?/uére blended with a pour point depressing base oil blending component
1€  and an additive package.

20

21 Asused in this disclosure the word "comprises” or "comprising” is intended as
22 an open-ended transition meaning the inclusion of the named elements, but
23 not necessarily excluding other unnamed elements. The phrase “consists

24 essentially of" or "consisting essentially of" is intended to mean the exclusion
25 of other glements of any essential significance fo the composition. The phrase
26 "consisting of” or "consists of" is intended as a transition meaning the

27  exclusion of all but the recited elements with the exception of only minor

28  traces of impurities.



14 9 alkyl-branches per 100 carbon atoms and wherein not more than 10
wt% 15 boils below about 900F; and (c) between about 5 to about 30 wt%
of an 16 additive package designed to meet the specifications for ILSAC
wePk6dsUskrg 17 the present invention, multigrade engine oilsdna106s/024860.
prepared meeting the 18 specifications for SAE viscosity grade OW-XX,

JW-XX, or IOW-XX efigipe it SERIMAISID X TRRIGRE/ER 8 iteger 20,
30, or 40. A multigrade engine oll 20 meeting the specifications for SAE

OW-20 may be prepared according to the 21 present invention. 22 23
Ehe merés@r«rﬁm@ﬂﬂeraleeﬁ@ee@%te AINRHEEE ENPHRRARB&ing the
?ultlgﬁ 24 en%% %# §§é eC|f| atlons for SAE J300 rewsed
%H%ﬁ § ry %g Sk z.ﬁ@'%%%&ﬁ oll comprising
Biscliej-Hetpsoh dase 6 o abd2é %ﬁmf%aﬁm inahreisvtherpeesaistiins a
yd . lyst: droge er eIecte
e e e Bh e e g

Baseebivpradusnd(Bhrst SveRng! fHERT thdi et isamtearimtichwidhekihe molecules
d
BYdrelsAmEsZS gpéew'ﬁmm. gaaﬁao HiRrodues g@gg@re@@gﬁ}g&oﬁcm

hydr0|somer|ze Fischer-Tropsch base oll product

BoméRbdnBnosyRe Rrddiuidninpaiboimesbipersei @t malessire with

18 distilateoispaesiinanaehdpase oitearastel 86U §) @ JHEMAIE about 0.5 to
|sco 6/019821 P T/US2005/024860 1 between about 2 5
Sﬂgtﬁ%o ’?{Rtofo

nd§ GoROHiPaIESRP 581 o Ut RIRNDING SrpRReNt
1Bavingepykpacaffianfandtcinalitgriasd !ﬁmﬁtc&ﬁamaﬁéMIMang rgerlyage

| f
e DRI BA L TEL BRI b0 0S BACER 15. (o
1Blen@uﬁwh@rermbanatermgawmn@omaw mhmmn)@a prae fiiodmt 10 wi%
1éeprsaﬁwewa&h@ew'Qﬂoces;ﬁeaeéﬁ%eafedtggggapegeo wi% of an

hydroisomerized bottoms materi having an average

?ﬁraneﬁmtjvmﬁﬁ@#&ﬂé&ﬁ@@@ﬁﬁé@%ﬁ&ﬁ%ﬁ@%%@%m GF-3. Using
1¢|ky|tbé3fﬂ@9§ﬁtWe¥%r$afm@fg%@@§ Aaversin
t% elow abom#é}%OF and (|é aﬁg;ddltlve pa%l% B Fea@é%%% e
ee?ﬁ?é?‘ BRSSO mE oM PSR E‘%‘e‘rq\%e‘ér@’gr)i%oﬁéﬁ% %5;%@9?1”& o,
181 nwiidgedtEO¢ ngineseth imeatingalier 0ecificationsAanSAdratRd8gised
20 mesting the specifications for SAE 0W-20 may be prepared according to the

21 present invention.

22

23  The present invention is also directed to a process for preparing a2 muttigrade
24 engine oil meeting the specifications for SAE J300 revised June 2001 which
25  comprises (a) hydroisomerizing a waxy Fischer-Tropsch base oil in an

26  isomerization zone in the presence of a hydroisomerization catalyst and

27  hydrogen under pre-selected conditions determined to provide a

28  hydroisomerized Fischer-Tropsch base oil product; (b} recovering from the
29  isomerization zone a hydroisomerized Fischer-Tropsch base oil product;

30  (c)distilling the hydroisomerized Fischer-Tropsch base oil product recovered
31  from the isomerization zone under distillation conditions pre-selected to collect
32 adistiltate Fischer-Tropsch base ol characterized by (i) a kinematic viscosity
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12 June 2001. Preferably the hydroisomerized distillate base oil fraction is
also 13 hydrofinished prior to the blending step (c) to reduce both any
aromatics and 14 olefins present to a low level. 15 16 The pour point

waepiaaagibase oil blending component may be prepared #Ffrosmiag24860
bottoms fraction from either a petroleum-derived or a 18 Fischer-Tropsch

deriyed produgt. I e 88&%88@@8@'&%’%%@6%}%% 2 blending wi% of the

component is an iIsomerized petroleum derived bottoms product, it

Prefengligwas havisamalenagsindrestirnalivigpnd il fediceobvRigh percent

ROUr2-BOiBt dRRrEsHe QIkRISDHHIG CAMPRNOBIISt Bercent of molecules
hydroisomerized 22 Fisc%yg- ropsch derived bottoms gztﬁjﬁhit wil

el R e DI S TR BRI ABBRLbGS Aihpiine the

§,10QistH M- ROAE/OIAB2ANRG FALR 2005(024860r haME AtEERINg base ol
ES.C‘LGRIP,TION OF THE INVEN .%%%Zné’thre l%OAE JJB_/_,O% %p%cirl;i]csati%nsrial

evi ﬂ‘%ﬁgecﬁww? ERGIREGI e GREHEPIRO N T 5 THEw B
Tablbalfihlﬁmn\ésemg'a/Qewmmmmwmmqym_bsmﬁ about 5 and
é“;‘;“%ﬁ@;;g%}ﬁsﬁ M%ﬁé@%ﬁi@%%%ﬁ aRfths YSE R EHORPAGAE than

osity -1 w/at 150C (cP), CCS No Yield Stress
WMin Maw!fibodvpelevpebat 38060 aud (i Ao Biivemckagsotralosey! to

?@0’0%@@ﬂ‘?@%@c‘iﬂ&‘éﬁ%@%r%%@ﬂ@@rﬁﬁf@%ﬂ r pRINorirR08 gieﬂaoa
60,000 at -25 5.6 -- 20W - 2,500 at -15 60,000 at -20 5.6 -- 25W -- 13,000

14t -1 e TBERE gie @l megting the spepifications for SAE U300 revised

12 June 2001. Preferably the hydroisomerized distillate base oil fraction is also
13 hydrofinished prior to the biending step (¢) o reduce both any aromatics and
14  olefins present to a low level.

15

16 The pour point depressing base oil blending component may be prepared
17  from the bottoms fraction from either a petroleum-derived or a

18  Fischer-Tropsch derived product. If the pour point depressing base oil

19  blending component is an isomerized patroleum derived bottoms product, it
20 preferably will have an average molecular weight of at least 600. If the pour
21  point depressing base oil blending component is a hydroisomerized

22  Fischer-Tropsch derived botioms product, it will preferably have a molecular
23  weight between about 600 and about 1,100.



302.9----9.3<12.5 2.9 (OW-40, 5W-40 and 10W-40 40 grades) 12.5
<16.3 3.7 (15W-40, 20W-40 and 25W-40 grades) 50 3.7 -- 16.3 < 21.9
60 3.7 -- -- 21.9 <26.1 7 "Notes 1cP = lcentipoise = 1mPa.s. This
waynapnieoiscosity can be converted as follows: Dynamic Visaogigzsoe8024860
Density x Kinematic Viscosity. 10 High Temperature High Shear Rate

iscosity is determinec \RiAfAL or 11
STM D 5481. 2 133C T ' _CSVis) is
determined by ASTM D 5293. 15 Mini-Rotary Viscometer (MRV) TP-1
Yiscesityds detesmined R ASIM B AGR4UAE Kt AliGNissosaie detalled in
determined by ASTM D 445. 17 18 19 Analytical Methods 20 21
Kineh?Ri@ ViS8E¥ty described in this disclosure was measured by 22
ASTM D 445-01. -7 WO 2006/019821 PCT/US2005/024860 1 The

cold-cranking simulator viscosity (CC \g['se) js a test used to measure the
5 viscometric properties of lubricatin

its under low temperature
and high 3 shear. Theit@st methischtdydeteriinBr@EEY/|S ISiARSEIV I Brosity
5293-02_Results|4TafPIEs6Ped in centlgoidd®ep GCS SIS (58831 100°C |
found 6 L ETAM Wil 158 emperature ehgipg gankjng. Specificat
%95[’0% &li o t)',:/E mperature engmg -ﬁ.{@.{‘%’mg. peciiicatons
for maximum CCHaViSmrer), |  ©“5  INovield Stress|  Mi" Mex
Min
oy - 6,200 at -35 | 60,000 at 40 3.8 -
5W - 6,600 at-36 | 60,000 at -35 3.8 —
10W - 7,000 at-25 | 60,000 at -30 4.1 -
15W - 7,000 af-20 | 80,000 st -25 5.6 --
20W - 2,500 at-15 | 60,000 & -20 8.8 -
25W - 13,000 at 10 | 60,000 &t 16 9.3 -
20 2.6 - - 5.6 < 9.3
30 2.9 - - 9.3 <12.6
2.8 (OW-40,
5W-40 and
10W-40
rades
40 3_79(1 5w-)40, - - 12.5 <163
20W-40 and
25W-40
grades)
50 3.7 - - 163 <21.9
60 3.7 - - 21.8 < 28.1
*Notes 16P = 1centipoise = 1mPa.s. This dynamic viscosity can be converted as foliows: Dynamic Viscosity =
Density x Kinematic Viscosity.
High: Temperature High Shear Rate Viscosiy Is determined at 106 s-1 by ASTM D 46883, ASTM D 4741, or
ASTM D 5481.

Coid Cranking Simulator Viscosily {CCS Vis) is determined by ASTM D 8283,

Mini-Rotary Viscometer (MRV) TP-1 Viscosiy is determined by ASTM D 4684,
Kinematic Viscosity is determined by ASTM D 445,

[ N U WL WK W WL W WK WL §
D €O~ OO LIPI—=THO00~]

Analytical Methods

20
21 Kinematic viscosity described in this disclosure was measured by
22 ASTM D 445-01.



6 defined for automotive engine oils by SAE J300 revised June 2001 as
setout 7 in Table 1, above. 8 9 High temperature high shear rate
viscosity (HTHS) is a measure of a fluid's 10 resistance to flow under
woandiions:iesembling highly-loaded journal bearings 11 in ficadosseanakiseo
combustion engines, typically 1 million s-1 at 150C. HTHS is 12 a better

iﬁdi%ﬂge@@%%mﬁa&m{g@m Pightemperatiewith.a aﬂ'\fﬁ@a%;’ge the

lubricant than the kinematic low shear rate viscosities at 100C. The HTH

44 veisReMASERPERREISR S T BINg APER KR4I AW TRESGESR0) hich

45 JyRe200d(se8 Falied)castainsribeoare® spagiicationsdend TR ults
16 measured b%,ASTM D 4683 A§Eg§ 4741, or A TMq% 5481. An SAE

%0 19'Gi5eRTF GRRAETERGIRE G o examplESoraq ruddhavasirte with

gnaxipwiternijdiSiui8af@he cenipoisseR)idsic2® MinmRotannVSCantteare
MRV TP-1).test is_related to the mechaali umpabilit is a

fow STALP T AR oS IRRERAT S B 200 L3 et ou

ASTM TeiEsH,. Blovesample cooling rate is the key feature of the 23 :

method. A sample is pretreated to have a specified thermal history which

24 includes warming, slow cooling, and soaking cycles. The MRV TP-1 25

theabigbdamngspiretigiorneaemie WiReps Ty JREBES hifah AeRRERGEE fuid's

1 palugssRB-ncicatas\a eientahalfidHe G Ry iRl UEE BERDIS R A BRYRINgs
a certain 27 viscosity (currently defined as 60,000 ¢cP by SAE J300 June

15004, HRAS B RS BENRUERE TMiHe By 4 AlectfatismHS is
1gallegl SBerer imitedio? efhehavioeriinS Afeiflés el Highexaipplehise with a given
eaured o have Amaximum, 30.viscosit, of 00,000 8. At 30G WG i
yield stress. This method also measures an apparént viscosity under
4heamlatedisicitecseialss - WORTHG (108 xsP CTHS2005/ 62486000
14 adplifion ip mesting,the ‘i‘f%H%%QP%%%‘FM@QY&%%@M?@QOD’
2 multigrade engine oils of the present invention ma%be formulated to

TfheetmpesyedNABRBLAEERIATON Dab/itél A RéMhBrettingentAsr 29
1$pec\ii§z%{m§ré’d6%fﬁg-§lm ShrfideqidieuiriaitHR MoR Rk THS
18 B enaposs (oP).

19

20  Mini-Rotary Viscometer (MRV TP-1) test is related to the mechanism of

21 pumpability and is a low shear rate measurement that measured by standard
22  test method ASTM D 4684. Slow sample cooling rate is the key feature of the
23  method. A sample is pretreated {¢ have a specified thermal history which

24  includes warming, slow cooling, and soaking cycles. The MRV TP-1

25 measures an apparent vieid stress, which, if greater than a threshold value,
26  indicates a potential air-binding pumping failure problem. Above a cerfain

27  viscosity (currently defined as 60,000 cP by SAE J300 June 2001}, the ol

28  may be subject to pumpability failure by a mechanism called "flow limited"

29  behavior. An SAE 10W oil, for example, is required to have a maximum

30 viscosity of 60,000 cP at -30°C with no yield stress. This method also

31  measures an apparent viscosity under shear rates of 1 to 50 s-1.



. 5 preferably the Noack volatility value of the finished lubricant will be 10 or
less. 6 Noack volatility as specified in ILSAC GF-3 and GF-4 uses
standard test 7 method ASTM D 5800. According to this method Noack is

waefined@s:the 8 mass of oil, expressed in weight percent, wiiahis:i@sl24860
when the oil is heated 9 at 250C and 20 mmHg (2.67 kPa; 26.7 mbar)

heloyy, aiRaRRNEY adid thiPHe FoLIMGRIR LD FBHEM WHIshA CANSIANLIRM B )

air is drawn for 60 minutes. A more 11 convenient method for calculating
RoadRuitmsati nsthsisidhecerrartb Vs ipBINmheST N Hatad i Best the
a thaum@@tfﬁrﬂ@gs&amﬁ@w, t@§ﬁr@ﬁa%)ﬁh¢ &%@%‘EM@&B@S” b-%ééi]ficaiions.
Pour_pgint.refers t temperature at which the sa will begin t W
R Bl o R A RS IRy e Sp o, owever,
poinpisfdraigivére hoess witidotbkmvisdhi fiaisiek ideterminédoyi O or less.
tangard analyti 8 ! Te it i nt.. Vl.may b
Geton AR A R R S SR R oINS
Kolevathed éighivhiapHed 26 arsrsingriedhy manm Digsde sastinved 2508,

8r othelS AR emHNOE Rt SSel SRS ARRIOR WL S MBI heated
molecular weight is preferably 22 determined by ASTM D 2503-02. As
SsecPhaRdT AU A HER: 25 fEWRI RO SEIRSRRPE I aiest

1metmdcﬁgf|§r1$m%nw\aﬁw(tjiyéi @almﬁm@idémzéf\giairﬁwa(@ﬁ Ei#@&ﬁﬁi@ﬂééé.hﬁ more
ame results as the standard method, 25 Jbranching properties

Tihe GUD EBIRCHERBRN Y FSH BITRLIERSS P U LR bR Eetes
1ihvemtshwita *&atr MifédChysanalirarga geamiple:bic 28alizesitest (TGA) by

y arb/q\lé-m Iﬂl%l%gg:cording to the following seven-step process. 29

eferences cited In the description of the process provide details of the 30
1@rocess steps. Steps | and 2 are performed only on the initial materials

18OMp3 BNV BIACERSS D SAMBO RORAIR (! WRABRNARAEEM To'dow

Identify the CH branch centers and the CH3 branch termination points 2
18singtresesibureatalptreadityturaiths fisersurseydiesappur point is
1BendalbdauirakafiMegBeisResonaace 488 3cAsndddt)by standard analytical

18  method ASTM D 5850 or its equivalent. VI may be determined by using

18 ASTM D 2270-93 (1698) or its equivalent. Molecular weight may be

20  determined by ASTM D 2502, ASTM D 2503, or other suitable method. For
21 use in association with this invention, molecular weight is preferably

22  determined by ASTM D 2503-02. As used herein, an equivalent analyiical
23  method fo the standard reference method refers to any analytical method

24 which gives substantially the same resulis as the standard method.

25

26  The branching properties of the pour point depressing base oil biending

27  component of the present invention was determined by analyzing a sample of
28  oil using carbon-13 NMR according to the following seven-step process.

29 References cited in the description of the process provide details of the

30 process steps. Steps 1 and 2 are performed only on the initial materials from

31  anew process.



4 5 2) Verify the absence of carbons initiating multiple branches

(quaternary 6 carbons) using the APT pulse sequence (Patt, S.L.; J.N.

Shoolery, 7 Journal of Magnetic Resonance 1982, 46, 535ff). 8 9 3)
wAsssiginibgz various branch carbon resonances to specific braaghust@os/o248s0

positions and lengths using tabulated and calculated values 11

QLlndﬁman; deRifI el %&%ﬁlﬁéﬂvﬁf‘é\%@@ RIREY AmihdtE doints

1245ff; Netzel, D A., et.al., Fuel, 60, 1981, 3 O7ff 14 Exam les: 1516
Branch NMIRIBhERiERRSh L ﬁ%ﬁﬁq‘i‘?ﬂ?@ﬁ ’?i‘ 18 3[H-et §699.1 or
314 19 4-methpskaisl, 0 dhmeshyiLfsikataimatetnt10:8 22 8opyl

4.4 23 Adjacent methyls 16.7 24 25 26 4) Quantify the relative

requency of branch occurrence at different carbon 27 positions by
BompBaring teeiintbgraltedinteoiigrodits istiniing mdtmit 282centren{tw themary

t ity of
E otecune 1 B e S ety SR
Where both'gisnaaiiMagiriiedesearienmtfd déc G230 at the same

gesonance position, the intensity was divided by two before 32 doing the
frequency of branch occurrence calculation. If the 4-methyl 33 branch

Bractin is HEHAME ¥AHALD O AeTEBRIRRRIERES R SRegfinBrAYEh
{ust be subteagied thaveigtioubiageuniiagd 48 calculated vaiues

11 (Lindeman, L.P., Journal of Qualitative Analytical Chemistry 43,

12 1971 1245ff; Netzel, D.A,, et.al,, Fuel, 80, 1981, 307ff).

13

14 Examples:

15

16 Branch NMR Chemical Shift {ppm)

17 2-methyl 225

18 3-methyl 19.1or 11.4

19 4-methyl 14.0

20 4+methyl 19.6

21 internal ethyl 10.8

22 Propyi 4.4

23 Adjacent methyls  16.7

24

25

26 4) Quantify the relative frequency of branch occurrence at different carbon
27 positions by comparing the integrated iniensity of its terminal methyl
28 carbon 1o the intensity of a single carbon (= total integral/inumber of
29 carbons per molecuie in the mixiure). For the unique case of the

30 2-methyt branch, where both the terminal and the branch methyl occur
31 at the same resonance position, the intensity was divided by two before
32 doing the frequency of branch occurrence caiculation. If the 4-methyl
33 branch fraction is calculated and tabulated, its contribution to the

34 - 4+methyls must be subtracted o avoid double counting.

-10 -



WO 2006/019821 PCT/US2005/024860 1 5) Calculate the average
carbon number. The average carbon number 2 may be determined with
sufficient accuracy for lubricant materials by 3 dividing the molecular

waegblhefsthe sample by 14 (the formula weight 4 of CH2). pcG /65200024860
number of branches per molecule is the sum of the branches 7 found in

step4, 8 9672)1Jﬂ&t@%%e?é@é@é@&pﬁnﬁﬁ)@?rﬁ'@&ﬁ%ﬁ%ﬁ@ %ﬁ&\'ﬁumber

calculated from 10 the numbér of branches per molecule (step 6)

- 200/averag&dahsope eIHipbeith M TSN aRHENRYHES @Qﬁ%ﬂb@%@ﬁ%ﬁ by
ysing any Wﬂﬁ@ﬂm@a&uhﬁmiémwwgmm iRreteratfotifula weight

measureme e@%re performed using a 15 spectrometer having a magnet
6f 7.0T or BF % In all cases, after 16 verification by Mass
Spectrometry, UV or an NMR survey that aromatic 17 carbons were

bsent, th ectral width, was Jimited to the tur ed carb
gbou 0 toeé‘%%ﬂr%mv%er %r? ram%ﬁgWs(tl) Sﬁé %IF& ions of qgetgj fég %SS
Wt% in chidmfodnndliemrefée excited by 45 pulses followed by a 0.8 second

gO acquisition time. In order to minimize non-uniform intensity data, the
proton 21 decoupler was gated off during a 10 second delay prior to the

Bxcitalion pUleenyhaiPoalah iR sBa8RRIOH O seabar Fipmeis gRifadated from
1@nged frorhd 1 {end3 36 BHNHRSs PBeRELLRNGIEF §)SequRearaye arbon

carried out according to 24 literature descriptions with minor deviations
Tdescribed iR4AP%arian or Bruker 25 operating manuals. 26 27 DEPT is
1Ristortionless Enhancement by Polarization Transfer. DEPT does not 28

uaternarle The DEP 455 uence sasi naI II car,
Hond oo S B BRSO B A e b Sle R e
1¢h ovwezlﬂcandteIleaeraumuean@&@@m@mﬁ prmser(dmm) UART &
tta e Eroian ek allay é"é'n?"* %BPB?&&@P FEANCRAMT Gid and

re up, then quaternarie and
16 verlﬂcation by Mass Spsactrometry, UV or an NMR survey that aromatic

17  carbons were abseni, the spectral width was limited fo the saturated carbon
18  region, about 0 1o 80 ppm vs. TMS (tetramethyisilane). Solutions of 15 to

18 25 wt% in chloroform-d1 were excited by 45° pulses followed by a 0.8 second
20 acquisition time. in order o minimize non-uniform intensity data, the proton

21 decoupler was gated off during a 10 second delay prior 10 the excitation pulse
22 and on during acquisition. Total expariment times ranged from 11 to

23 80 minutes. The DEPT and APT sequences were carried out according to

24 literaiure descriptions with minor deviations described in the Varian or Bruker
25 operating manuals.

26

27 DEPT is Distortionless Enhancement by Polarization Transfer. DEPT does not
28  show guaternaries. The DEPT 45 sequence gives a signal all carbons bonded
28 to protons. DEPT 20 shows CH carbons only. DEPT 135 shows CH and CHj
30 up and CH: 180° out of phase (down). APT is Attached Proton Test. it allows
31  all carbons fo be seen, but if CH and CHjs are up, then quaternaries and CH,
32  are down. The sequences are useful in that every branch methyl shouid have

-11 -



32 are down. The sequences are useful in that every branch methyl
should have -11 WO 2006/019821 PCT/US2005/024860 1 a
corresponding CH. And the methyls are clearly identified by chemical shift

whanekphase. Both are described in the references cited. Thedranrehing3sso
properties of each sample were determined by C-13 NMR using the 4

%‘SS%%H&H&%@%H!%%E@M?%?WW%é\fﬁ%&%?@éﬁéﬁ%@a@hm
Corrections were not made for n-paraffins or naphthenes, which may have

6 beBRorBaedt FriRet deanined i e yrigrancimeiethd impranehies
B S e ek b plocine s el st
. nalysis was condugcted Dy placing a small amoupt .
oot BTRIGH 0 b THE HALET S 5 HOS Lt FE S am SRS L
The Capillafiptalvesveasdt Irplde éot at pheafiphofom sahthprale ¥oriehmasshave
pectrometer, and the probe was out 50C 10.600C at _
ot e WS e I R R AL et Toreem
The mesbsperamsiiest ugod Wak! donizainerdiaasSPrntrasichiight Hviss
gpectrometer. The emitter was a 15 Carbotec 5um emitter designed for FI
operation. A constant flow of 16 pentaflourochlorobenzene, used as lock

fhas§ WA ol dEmAe IR FiRESBY Plasiece SmBter ralaimb@ddivare.) of

itubeyRespensetastorsdenal sqrrewRg iR ypes Wateasanedie s
1.0, such that weight Eercent was given directly 19 from area percent. 20
$helh § ERCURERAT

131 SHreedét BoAINERE ERRHEIMEBTsBRGEIR BEPDS was
1hydrheatbd rscosbpris &G Mixtae W waniotOale ctifartweightsdsaving a
ide_23 boiling.r is dis¢l ill.refet to the 10% boiling paint of
B SR I RPN A PaT 1B o Thi s SRS, 26 Ys o
1domplicrema¥sd ins-0b%igiiingspipectaTstertiaeemitrawae at which

150 WA OLe 2 R WAFRERERRNH BEERE ) I9J0R AN PN AER ASsing base

oil blending 27 component will vaporize at atmospheric pressure. Only the

18000R56IRIG WeRhiorshenzss \WiseH ASinsinas e po defvried éprcthsrgass
1base;pddaending ¥ aampeagianasitieasoesaltyderyvesd BPebaipound
’ibOtt?ﬁ%Séefr\?v%trlg ggvs@:%%crin t%kgg 1.0, such that weight percent was given directly
18 from area percent.

20

21  Since peiroleum derived hydrocarbons and Fischer-Tropsch derived

22 hydrocarbons comprise a mixiure of varying molecular weights having a wide
23 boiling range, this disclosure will refer to the 10% bbi]ing point of the

24 boiling range of the pour point depressing base oil biending component. The
25  10% boiling point refers o that temperature at which 10 wi% of the

26  hydrocarbons present in the pour point depressing base oil blending

27  component will vaporize at atmospheric pressure. Only the 10% boiling point
28 is used when refetring to the pour point depressing base oii blending

29 component, since it is generally derived from a bottoms fraction which makes
30 the upper boiling limit irrelevant for the purposes of defining the material. For
31 sampies having a boiling range above 1000°F, the boiling range distributions

32  inthis disclosure were measured using the standard analytical method

-12 .



30 the upper boiling limit irrelevant for the purposes of defining the
material. For 31 samples having a boiling range above 1000F, the boiling
range distributions 32 in this disclosure were measured using the
wsiansardsnalytical method -12 WO 2006/019821 PCT/US2p0%/6248662 4350
ASTM D 6352 or its equivalent, For samples having a boiling range below
7 10a@fThe Geoing ienes distdbutiansskhiBia Hiaalary EEDURIR MeRRURRMw
using .3 the standard analytical method ASTM D 2887 or its equivalent. 4
& Hy OB 2RURC €57 Y, HISTARHIGRS A GH IS RRARIER YeRfm REas RS vsing
gold fieveprafedisssdfitbe 1AdfisechasSTromschPRse bl dyuthsl eelective
ddition of branching into the 9 molecular structure. Hydroisomerization is
also used to prepare the pour point 10 depressing base oil blending
Bompiyenis eiperiiedimerization ideally will 11 achieve high conversion
levels of the wax to non-waxy iso-paraffins while at 12 the same time

minimizing the conversion by cracking. Preferably, the 13 conditions for
RydrbisdrispaiBatinnte ipreaend insionaHacepid diry Risseriastrhthe

the qaavessinmebthensemePEndshalling abaveinbe v TP waKelS

feed to compounds boiling below about 700F is maintained between about

16 15 RIS FERISY, DYETBIBIAHERIBR IS RIS Hh P AB0IE e gaur point
1Bccateingstint &aresdinlending eoninsireisorelizitionds conguieedising
14 19 shape selective intermediate OPa{e size molecular sieve. , I
Hyd%?sggmeerllz% iOR ' 20 cath % S uBetlh ?H%eapqggé\?ﬁ?w\)gﬂff}o%{acfgﬂ‘f‘p‘ﬁgge at
13 shipesestediive lirméring distepor sive deniimgsieredfantipdtienally

soiedive ;
i T Coe Ll SRS suon

1fheafigbive frebyoes sbrefdpe corenpundstheiina gbefdrahrabtoR 3 Indhe wax
18b0YELdli AR EREPBENINS IDEKIABISRXIESIIT Zoribineiraleinet i Manout

The shape selective intermediate pore size 26 molecular sie\ées used in
The pradice BN BrseRisiREnoRCME e ariye 379148 WHk 11- or

112-ring molecular sieves. The preferred molecular sieves of

18  According 1o the present invention, hydroisometization is conducted using a
19  shape selective intermediate pore size molecular sieve. Hydroisomerization
20 catalysts useful in the present invention comprise a shape selective

21 intermediate pore size molecular sieve and optionally a catalytically active
22 metal hydrogenation component on a refractory oxide support. The phrase
23  ‘intermediate pore size,” as used herein means an effective pore aperture in
24 the range of from about 3.9 to about 7.1 A when the porous inorganic oxide is
25  in the calcined form. The shape selective intermediate pore size

26  molecular sieves used in the practice of the present invention are generally
27  1-D 10-, 11- or 12-ring molecular sieves. The preferred molecuiar sisves of
28  the invention are of the 1-D 10-ring varisty, where 10-(or 11-or 12-} ring

29  molecular sieves have 10 (or 11 or 12) tetrahedrally-coordinated atoms

30 {T-atoms} joined by an oxygen atom. In the 1-D molecular sieve, the 10-ring
31 {orlarger) pores are parallel with each other, and do not interconnect. Note,
32 however, that 1-D 10-ring molecular sieves which meet the broader definition
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28 the invention are of the 1-D 10-ring variety, where 10-(or 11-or 12-) ring
29 molecular sieves have 10 (or 11 or 12) tetrahedrally-coordinated atoms
30 (T-atoms) joined by an oxygen atom. In the 1-D molecular sieve, the

wiP20g18d& {or larger) pores are parallel with each other, angdgwabos/o24860
interconnect. Note, 32 however, that 1-D 10-ring molecular sieves which

meeLine IBAREASINIn sik3 WRLARPOLIBHLAGIHS 732008, ks

of the intermediate pore size molecular sieve but include |_ntersect|r!@% N
Bore8agiMaGimtrsiRssrsdngd May<RayPaIeBaseerssRthuEEutRAtHRTitHEoN of

definifieneied e roleerineSeyesal tRe-RIRSENHEEMION:AR® of intrazecite
%Iasscigcation of intrazeqlite 4 channels as 1-D, 2-D and 3-D is set forth by
M.

M BANHSES dottes 5 Bt and TRIR RSB SREs By £eglites.
Rodriyties;d dod Reltimancaryd @ledNacEaR hRobifgl@sAS IS &igien 41984 d
hic ssification js-AC di its .entirety_by. reference (see .
B e T B S Tl B S R R e
gize itsctobtiaty biowssraged ferer@iiggiarhopagdzalipn are based upon
aluminum phosphates, such as SAPO-11, 11 SAPO-31, and SAPO-41.
SAPO-11 and SAPO-31 are more preferred, with 12 SAPO-11 being
fhostpriesRE Ehane 3qlestya tiarRAsreneIsR P IES Yaleisyes Used for
1termpiniemere siea anRRsuhigbhagmerysialirastmedretd Rllingro.i1,
within that of the SAPO-11 mgﬁgéla sieves. The preparation of SM-3 15

14dnd Otk BRSrRtRRahts e YablARErhTYS Pae NG L alesh Mty
126 agehB(158, GengMsuspretdarecdsiFNES seleplivicuitetnediftiequbse size

7 molecular sieves used for hydroi rizatiqn.are zeolites,.such as,
DSV ST e RS TNt e 7 ENE e oR QS ed e
‘ifb-rriéﬂﬂ@?@@%ﬁ@%fﬂﬁﬁ@%’-@ﬂé@%@m@ﬁ@d.TZ@ epomiderrd Gv-3
sitermediate pore size felochiar sieve s aharqcierged by aselector 4oq

crystallographic free diameters of the channels, selected crystallite’ 23

18ize podrreipd RS iexsEeteegeraARaISaisgtve Hiarswdiatanmritized
1PesiraBle-olys e arbie Headirmeiersiehibe shannsizLl hemalegdlalos

25 sieves are_in the ragge of from about 3.9 to about 7.1 A, having a
: M-48, ZSM-57, 852-32, offretite, and ferrierite. 8S§2-32

18 aximiiyes, £5M-35,
19 and ZSM-23 are more preferred.
20

21 A preferred infermediate pore size molecular sieve is characterized by

22  selected crystallographic free diameters of the channels, selected crystallite
23  size (corresponding to selected channel length), and selected acidity.

24 Desirable crystallographic free diameters of the channels of the molecular

25  sieves are in the range of from about 3.9 to aboui 7.1 A, having a maximum
26  crystallographic free diameter of not more than 7.1 and a minimum

27  crystallographic free diameter of not less than 3.9 A. Preferably the maximum
28  crystallographic free diameter is not more than 7.1 A and the minimum

28  crystallographic free diameter is not less than 4.0 A. Most preferably the

30  maximum crystaliographic free diameter is not more than 6.5 A and the

31 minimum crystallographic free diameter is not less than 4.0 A. The

32  crystallographic free diameters of the channels of molecular sieves are
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26 crystallographic free diameter of not more than 7.1 and a minimum 27
crystallographic free diameter of not less than 3.9 A. Preferably the
maximum 28 crystallographic free diameter is not more than 7.1 A and
wiheoninioszam 29 crystallographic free diameter is not less theae@200Mnsto
preferably the 30 maximum crystallographic free diameter is not more

thanss1iénandiihse Slyatnimup ceysialesiapbic fee dametel /s SotHes N,
than 4.0 A. The 32 cr staIIo%aphlc free diameters of the channels o

f

moledlilar Sitv8s Breophsi 8 MoblBiRoe31°PEH:/BisobosR48BE™ 1019,
publishied ia thentAdlescafl taalial rafeamerk Types"”, Fifth Revised Edition,

2001, by Ch. Baerlocher, W.M. Meier, and D.H. Olson, Elsevier, pp.

0-15, 3 which is incorporated herein by reference. 4 5 A particularly
prefdrmeatiictéame draterparensizenaiidée plaresiéne Mlechiss asef| véinithreuseful

res r s fleserl Bamplegl P 7 .
g,liﬂ%%gaﬁ% 82,95§?t qéef(%ntent‘s ofﬁ?v%@fﬁfr’e”ﬁ?ﬁgbf %%%?)l}porated
B byYefererSé SthaicehidEn 8. s cogienisnNd veizézuos Besien inpcgporated

intergiedidle R esiRsIMBalseHals 8\ hagagustalie size of ng, mere

than 10 about 0.5 microns and pores with a minimum diameter of at least

Abof BB RIFEARIHFEMRBAHINT iR PGt sizg of oy @arghan

1 catalyshitas Suificient acidiyrse Wiat 8.migiams thersefovbeni pesiienedia. g A
4 a tube reactor converts at I%ast PO% c%f%@ decane at 370C, a

1
%resgﬂ €0 fﬂ%%@i faan}?yﬁ%}gear?? ow of 160 ml/min, and a feed rate

18f 1 ml/hr. The 16 catalyst also exhibits isomerization selectivity of 40% or

e A L G SRy 4o AE AP RP Uit osigprea
1€16aipredeseieniomiarifert 4t 8% of Deyrsthran AR’ 0SEd aingessure of
1sondi§@@%§§§5%92 % PR SRNRIMAAAL 23hexade @ et e

to other species Such a particularly preferred molecular sieve may

TRrneFtBl s alsegRhinkg Wnﬁiﬁg’;@g SPiacHMibG Rf ﬁg@fw greater (isomerization
1erystllegnaphis feedhaipetes foltbesanye ofisight percent branched Cqg in

18  product)/ (weight percent branched C+g in product + weight percent Caz in

19 product) when used under conditions leading to 96% conversion of normal
20  hexadecane (n-C+g) to other species.

21

22  Such a particularly preferred molecular sieve may further be characterized by
23 pores or channels having 3 crystallographic free diameter in the range of from
24 about 4.0 A to about 7.1 A, and preferably in the range of 4.0 fo 6.5 A. The
25  crystallographic free diameters of the channels of molecular sieves are

26 - published in the “Atlas of Zeolite Framework Types”, Fifth Revised Edition,
27 2001, by Ch. Baerlocher, W.M. Meier, and D.H. Olson, Elsevier, pp. 10-15,
28  which is incorporated herein by reference.

29

30 if the crystallographic free diamsters of the channels of a molecular sieve are
31 unknown, the effective pore size of the molecular éieve can be measured

32  using standard adsorption techniques and hydrocarbonaceous compounds of

- 15 -



24 about 4.0 A to about 7.1 A, and preferably in the range of 4.0 to 6.5 A.

The 25 crystallographic free diameters of the channels of molecular

sieves are 26 published in the "Atlas of Zeolite Framework Types", Fifth
witevisad sition, 27 2001, by Ch. Baerlocher, W.M. Meier, and/Dskbos/24860

Olson, Elsevier, pp. 10-15, 28 which is incorporated herein by reference.

29 mawhglqmt@ﬂo' F@@i‘&i@igﬁ%@w s@cﬂk}%laah @]ﬁié[?&@a{ﬂgﬁ@%@‘i 074
leve are unknown, e effective pore s|z 0. e malecular sieve can

PRC s T e Y S R e e
Bydrocariitatacebins £dpbiindsebeithMO200610 O82ilch are incorporated
CT 0 inimu inetic.diameters. See Brec ,
ol By et B RN IRClEL e B S8 eryine

3. CaRI9E8ssipndqmoPo)igiEs &resuFasteliineddio/g e, abrsider a
gertingRl-RRIH ARSI, UG RER ISP PRERIERL A DSERIRIY ISTEERN R D

performing adsorption measurements to determine 5 pore size, standard

fechRRYIELATE deanics valireRiia s Rt Sies iR dhAfoREEME

aslewl uﬁtﬂdtésdelrﬁgdlﬂema&maﬁdgaﬁiﬁaﬁﬁ%e@é@ ol @i&@rmmke%g/ BN BHORs will
alug on the molecular sieve in less than about 8 10 minutes (p/pp = 0.5
e o A AR 05 S SR RAELTHS SIBUREISN O8 iy At
1tholduntrstraeving kinetic diameters of 5.3 to 6.5 A with little 10 hindrance.
“iJrl 12 Hydroisomerization catalysts useful in the present invention
comprise a 13 catalytically active hydrogenation metal. The presence of a
TEatawy@miyfaﬁw'@aﬁmr_@&iﬁb)gﬁﬁ @A&@ﬁihﬂ@ﬁﬁﬂ@a@ﬁ pregiurimprovdseant,
1§SPeciallybapd siabilibarclrdiRigaheripyiicalicactive Qyd CAEALER active
metals include chromium, 16 molybdenum, nickel, vanadium, cobalt,

THung@ekoganetinadnete iapdele prrsishimrIvematheprawalv ¥hand stability,
1pallapipivRumatsnasinly sreiaiero b8 patnymanre esResialy

1 BRGS0 B o
1the tptdibdataly Jthe suetyspatirii n2 palfadand acs tsexcadd 2bkPrrd Yvith
18  platinum most especiaily preferred. if platinum and/or paltadium is used, the
18 total amount of active hydrogenation metal is typically in the range of 0.1 to
20 5 wt% of the total catalyst, usually from 0.1 to 2 wt%, and not to exceed

21 10 wi%.

22

23  The refractory oxide support may be selected from those oxide supports,
24 which are conventionally used for catalysts, including silica, alumina,

25  silica-alumina, magnesia, titania and combinations thereof,

26

27  The conditions for hydroisomerization will be tailored to achieve a

28  Fischer-Tropsch derived lubricant base oil fraction comprising greater than
29 5 wt% molecules with cycloparaffinic functionality, and a ratio of

30  weight percent of molecules with monocycloparaffinic functionality to

31 weight percent of molecules with multicycloparaffinic functionality of greater
32  than 15.
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22 23 The refractory oxide support may be selected from those oxide
supports, 24 which are conventionally used for catalysts, including silica,
alumina, 25 silica-alumina, magnesia, titania and combinations thereof.
w2B@k/dhe2eonditions for hydroisomerization will be tailored ta aahimes@asso
28 Fischer-Tropsch derived lubricant base oil fraction comprising greater

thantg9 Wit oRneieres-sibrsucianaraffinisduartionalily. madatalietked

30 weight percent of molecules with monocycloparaffinic functionality to

31 visight %@reéﬁi'&?ﬁﬁ@%m@kﬂﬁfh%w&{)@l&ﬁh@%{ﬁfﬁ&%ﬁéﬁénﬁr Gpired
greaj@iid3 anbianslBeskedNeR 2006403982 1BETAI2Re5024860itbRibemnder
onditions for roisomerization will dep on the properties of feed 2 .
food L 4 GATR MG P T Urs LAl L L e s, e
3 yield} andtthetdegiredtprepérie siodth &b dartives e o [CEEHTORe about
nd [ roisemerizati § Nk ti

i e ke R N
775pigfesthbin A itE 80T ITTberEEPRDTY (80O doapeniitB0F (31FE feyressures

bo to1aogh ¥ 0Rf (§4=C to about
g?lqéﬁ%%bpﬁgﬁif%ﬁ%éggﬁg %@,06_0 psi%%%e?erably 100 to

9 50DYSERISATREr G AR GISHIRERS ABRFHERFAR HYSHraske iR iRl Melpaen
eferdgriiedrrgsogeniththpadtia) drtassurerination thediydroiseueitadiondrogen
_reactor, although the hydragep, artial pressure js substantially the

oz et R e A
18paqeresiacity Theriiguicontadyrep g ertacitly droing t8abolin @it geeeratyfrom

referably . - . nj ent.j .

D acH R Lhe B B ol B oo e i
1hydrotpaend fethe s irhieisotuins 1habWISEPBBIZaBsBIREetanbidigally
146 cybicdestpRMbaTet PigieraRbaRem asadt dotmalryba0MRshbitandard

17 Hydrogen may be separated from the product and recr_YCIed to the

TReachBRicTsid. batiehb etsaRio 9w 2 BeHoHifmPRYEIG Rt ERion
13re deggidoed Nal Dy sepRatedtes i293ARS and 2425038 tHeereaction

1gontgg;[1$ép \l,JV[tE]EII peacrgnditions for performing hydroisomerization are described in
10 U.S. Patent Nos. 5,282,958 and 5,135,638, the contents of which are

20 - incorporated by reference in their entirety.

21

22  Hydrofinishing

23

24 Hydrofinishing operations are intended to improve the UV stability and color of
25 the products. It is believed this is accomplished by saturating the double

26 bonds present in the hydrocarbon molecule which also reduces the amount of
27  both aromatics and olefins to a low level. in the present invention,

28 hydroisomerized distiliate base oil is preferably sent to a hydrofinisher prior to
29 the blending step. A general description of the hydrofinishing process may be
30 found in U.S. Patent Nos. 3,852,207 and 4,673,487. As used in this disciosure
31 the term UV stability refers to the stability of the lubricating base oil or other

32  products when exposed to ultraviolet light and oxygen. Instability is indicated
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20 incorporated by reference in their entirety. 21 22 Hydrofinishing 23 24
Hydrofinishing operations are intended to improve the UV stability and
color of 25 the products. It is believed this is accomplished by saturating
wiheodoubke 26 bonds present in the hydrocarbon molecule vetighisdees/ 024860
reduces the amount of 27 both aromatics and olefins to a low level. In the

presentinyention: Bkbitsistmeanzedlistiatadranseibiss pisiaralinsert o

10 a h drafi prior to 29 the ble dln ener des tjon of .
et et SR e S NS
3 SSQLMEam@ b&7S08 11348 Urstidt iprésisndicclestioe @nt&ralbewdflﬂ&ﬂuire uv

ﬁtabg'[% FI {i%ﬁob%i‘%tgpé s%féﬂ HI@%‘?’E@% Pﬁﬁ%ﬁlﬂaﬂm&@ré& commercial

roducts w en expose traV| et light and oxygen. Instability Is
ﬁwdudatwaimwta 2006/019821. PCT/US2005/024860 | when a visible
grecipitate forms or darker color develops upon exposure to 2 ultraviolet
light and air which results in a cloudiness or floc in the base oil. 3

(ubrie bR PIssss G rian e-O B ELERR e dhifdm fyahiefinighivg F@&@.M“ be
BV 4ptaki Iamnpgl afesfthsly amesitabie fesigisena Hﬁ@m@mmﬁwwmfbe
erC|a RS rlcaUﬂ%hlls 6 7 {1 resent invention th?
G LR e O LT S8 BOLCAL oo Rposs:
1@aboveridiedpsiguiaremdstimiEiesably will lpe<d slveveil 5 peepd BEO0 psig

ﬁ“aX%KHH'H?R?é RUBSTO S, lodanl Shiliced %@ﬁs"i’éoﬁ%%% L j’%%%d%‘@é% in the

equipmen ations the total pressure wi t exc 11 and

18sudidiafinishisgceaatabaig ssely pritherampre citlinem ahges 3@@?1% {50°C) to
18ydrofipishipg-re @F@ SRl ermsr@m@w%ap@@@@g@mg about

to 13 about 700 370 ), with temperatures of from about 400

14homP94 586R°f2 Qo@iﬁffﬁ &R Lw%wdswwﬁﬁﬁﬂ%of fiom
1Enggmelirom td@&amta 0, disfazont @ @tdorie&aablyh@@a srekrdraand wapstbout

T T AR ] L L T
1BCFRopérhantsbof fe@il Dypicaityl the00 SCF per barrel of feed. Typically the
18  hydrogen is fed at a rate of about 3,000 SCF per barrel of feed.
19
20  Suitable hydrofinishing catalysts typically contain a Group VIil noble metal
21 component together with an oxide support. Metals or compounds of the
22  following metals are contemplated as useful in hydrofinishing catalysts include
23 ruthenium, rhodium, iridium, palladium, platinum, and osmium. Preferably the
24  metal or metals will be platinum, palladium or mixtures of platinum and
25 palladium. The refractory oxide support usually consists of silica-alumina,
268  silica-alumina-zirconia, and the iike. Typical hydrofinishing catalysts are
27 disclosed in U.S. Paient Nos. 3,852,207; 4,157,294; and 4,673,487.
28
29  The Hydroisomerized Distillate Fischer-Tropsch Base Oil
30
31  The separation of Fischer-Tropsch products is generally conducted by either
32 atmospheric or vacuum distiliation or by a combination of atmospheric and
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18 hydrogen is fed at a rate of about 3,000 SCF per barrel of feed. 19 20
Suitable hydrofinishing catalysts typically contain a Group VIl noble metal
21 component together with an oxide support. Metals or compounds of the
w2i2ioblowirg metals are contemplated as useful in hydrofinishingrsadedyiseo
include 23 ruthenium, rhodium, iridium, palladium, piatinum, and osmium.

ﬁPffefiﬁJtaM ' H%g@;ﬁéﬁ\‘?.tllﬁ}té?{o%é‘Th%Wi%lthlé{c@iﬁtié'%‘gﬁiﬁﬁmgmt@rﬁ?ﬁéﬁéﬁ@&he
or platinum an palladium. ererac_ ry oxide.s por _s.ay

oon LD LA RS 26 S 6. ARRRIRG 2Necnias A s it MpiEal
shydrefinishingcatalysismyerdnitisdodied polhiSiRateabdNas. R F5 % 200Ut

4.1 4: and 4.673,487. 28 2 Hydroi rized Distill .
f e el B OB w5 MR R ernal oracking
Srodiidte isygenezaiynsondydad blaedierd3r driogpipatibe eaelpiment and to
adistiq,ﬁg%oﬁs j & fmRinatien, o amoshiesic:Angonli8 iR 2RP648L9821

PCT 24860 1 vacuum distillation. Atmospheric distillation is

Typicampiste dhe Reparaeiiing meligitb rychipndrainbiriehrsel AEaNem

gnd, idoie wisiiaiew irar@shbottoms fraction having an initial boiling
qgoint above about 700F to about 4 750F (about 370C to about 400C). At

igher temperatures thermal cracking 5 of the hydrocarbons may take
1(placedeadin i thikodliagpef thetiag tipméditbltadd draElioweoy feidgiatehesfers to a

eavier cuts. Vacuym distillation;is.typically used.to 7 separate the higher
e e PR et o B P PR e e
1%reseinventiam 8 mmw@ﬂmtar_scmmmmthm“tmﬂ@mwm@
@fac aé}"e%{{f@%ﬂ]%%é'iéﬁf&rﬁéﬂ@r iRl & SYRAMIIRAYEHRGRY BIE B EHBR of
rom an atmospheric fractioniation 12 column or from a vacuum column as

14ppdreadytie "bottoms” which 13 represents the residual higher boiling
-1§raction recovered from the bottom of 14 the column. 15

16  The hydroisomerized distillate Fischer-Tropsch base oil used in the invention
17 typically will contain very low sulfur, high VI, and excelient cold flow

18  properties. Following the hydroisomerization step, the hydroisomerized

19  distillate base oil is usually hydrofinished, which in addition tc improving the
20 UV stabiiity of the base oil, also reduces the aromatics to a low level;

21 preferably the aromatics will comprise iess than about 0.3 wt%. Following the
22  hydrofinishing step, the base oil will also contain low olefing; preferably in

23 amounts below the detection level by long duration carbon-13 NMR.

24

25  Generally, the Fischer-Tropsch base oils will have a minimum kinematic

26  viscosity at 100°C of at least 2.5 ¢8t, preferably at least 3 ¢St and more

27 preferably at least 4 ¢St, with an upper limit of about 8 ¢3t. The

28  Fischer-Tropsch base oil will have a pour point below 20°C, preferably below
29  -12°C, and a VI that is usually greater than 90, preferably greater than 100,
30  even more preferably greater than 120.
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| 16 The hydroisomerized distillate Fischer-Tropsch base oil used in the
invention 17 typically will contain very low sulfur, high VI, and excellent
cold flow 18 properties. Following the hydroisomerization step, the
whythiispmmarized 19 distillate base oil is usually hydrofinishegcwhighokn24s60
addition to improving the 20 UV stability of the base oil, also reduces the
aromaticadmbdoyf lRvpicdlkpraferablyroearmsnatiesvill semmsiselestopsch
an.about.0.3 wt%. Following the. 22 hydrofinishing step, the base oil will
o g B o R T R g SR orably
fevely tompdurdtioniearizerhagifiMiicpa2iGierenalisdity will be at least
FrischerJropse,b s Wi Z%?w Amum kinematic 26 Viscosi
100C of at Iea_st/ﬁ'gﬁ%s?‘,lyggé%éﬁ)%ﬁ at eéstggeé trgﬁ%lcﬁnéraes & f&@@féﬁlave 8
at leEaffudseiptthnaiogppef MaleetiabodtBrosothe e EiSthe iihajsetity to
baseRighvil BAVSBIRoMSIBAIM DRI Ao RIS IRIRIMY se%m%ﬁéﬁaﬁgo&}g gle[%%ter

a VI that is usually greater than 90, preferably greater than 100,

ordrerbaibly Gresriarabanreaten G4 Gt Botptne total cycloparafiinic
PCTHUGRORAIN2ARE thel rFhe sTumbricotiiesias afibRRyafeisomerized.
iSt”rlT%t; .FisCFherr-arﬁgns h 2 baSﬁ oil haviﬁrgg_flq??arafﬁ_nic functionality

il B LR E A YR AR b ok e el ey I g rlled by
12y cloperhifiincefecinip talitypart i atteditibAsaboihe 1 wiSisofgization step.
mydroisomerized Fischer-Tropsch base oil will also have a 5 ratio of

weight percent of molecules with monocycloparaffinic functionality to 6
1veighpersasityingercellbs Witroisitessiepatistisitsfbirciendligpeth base off
19reaifl grihanaed 4 arRierahlaeaieh 138 80U ARaRE NI Uilation:

cycloparaffinic 8 functionality and the ratio of monocycloparaf
14unctiona|ity to 9 multicycloparaffinic functionality present in the base oll

18nay be controlled by {P=<aeiullyrpiesting theepryatingeendifieas of the
ydroisomerization step. 11 12 The viscosity index of the

ydroisomerized distillate Fischer-Tropsch base oil 13 will preferably be
12qual to oVgheadér: than\d rgieseateulgtediby itiieequation: 14 15 VI = 28

1& Ln(kinematic Viscos”%ﬁtrégpe%ggisg gle natural log.

18

20 The cold cranking simulator viscosity at -35°C of the hydroisomerized distillate
21 Fischer-Tropsch base oll preferably will be equal to or less than a value

22  calculated by the equation:

23

24 CCS VIS(-35°C) = 38 x (kinematic viscosity at 100°C)®
25

26 Wherein: CCS VIS(-35°C) represents cold cranking simulator
27 viscosity at -35°C,
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16 17 Wherein: VI represents viscosity index 18 Ln represents the natural
log. 19 20 The cold cranking simulator viscosity at -35C of the
hydroisomerized distillate 21 Fischer-Tropsch base oil preferably will be
wenuabmseiess than a value 22 calculated by the equation: P23 /212615824860
VIS(-35C) = 38 x (kinematic viscosity at 100C)3 25 26 Wherein: CCS
VIS (386 hiepiesefimBRld e ankingHirmdpsah 2t MSeasiat:336° C24 the
OhZO 6/019821 PCT/L@S 2(95/ 24860 1 Even mOJiWLEferablét]he cold
ranking STURTEP G SEIURF AL SS5E dF HRE D RySFrorioMie Rede bR itqEese
FisctiemTaoptich dzasel Vil lleccsmiadttoror less 3 than a value calculated
%y the equation: 4 5 CCS ISIS(-35C) = 38 x (kinematic viscosity at
00C)2'8 6 7 Wherein: CCS VIS(-35C) represents cold cranking simulator
B viscosity at -33€S ¥136:35 € Podp rdiinereptesspupsivset OABEFAding
gomponent 11 12 The pour point depressing base oil blending
component is usually prepared 13 from the high boiling bottoms fraction
femaining Y BEERECuurtr foWE IR £ BRIRRT)Sreme warinsbhinysie
@il fractions. It will have ggasigguiaeaight 15 of at least 600. It may be
ﬁrepared from either a Fischer-Tropsch derived 16 bottoms or a petroleum
erived bottoms. The bottoms is hydroisomerized to 17 achieve an
1@vertiye Begrdeoih bEanatinsg in these @ddE lerding Sompautcmand 18
1 bout 9 alkyl-branches per 100 carbon atoms. Following
ydroisomerization

12 The pour point depressing base ol blending component is usually prepared
13 from the high boiling bottomns fraction remaining in the vacuum tower after

14 distilling off the lower boiling base oil fractions. It will have a molecular weight
15 of alleast 600. It may be prepared from either a Fischer-Tropsch derived

16  bottoms or a petroleum derived bottoms. The bottoms is hydroisomerized to
17  achieve an average degree of branching in the molecule between about 5 and
18  about @ alkyl-branches per 100 carbon atoms. Following hydroisomerization
19 the pour point depressing base oil blending component should have a pour
20 point between about -20°C and about 20°C, usualiy between about -10°C and
21 about 20°C. The molecular weight and degree of branching in the molecules
22  are particularly critical to the proper practice of the invention.

23 '

24 In the case of Fischer-Tropsch syncrude, the pour point depressing base oil
25  blending component is prepared from the waxy fraction that is normally a solid
26  atroom temperature. The waxy fraction may be produced directly from the

27  Fischer-Tropsch syncrude or it may be prepared from the oligomerization of
28  lower boiling Fischer-Tropsch derived olefins. Regardless of the source of the
20  Fischer-Tropsch wax, it must contain hydrocarbons boiling above about 950°F
30  in order to produce the bottoms used in preparing the pour point depressing
31 base oil blending component. In order io improve the pour point and V|, the
32  wax is hydroisomerized fo introduce tavorable branching into the molecules.
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19 the pour point depressing base oil blending component should have a
pour 20 point between about -20C and about 20C, usually between about
-10C and 21 about 20C. The molecular weight and degree of branching in
wiheomsalespies 22 are particularly critical to the proper practieeraftiwes/024860
invention. 23 24 In the case of Fischer-Tropsch syncrude, the pour point

depregsinghaserhiliZedolending campeRentdsnreratd fiaradhewaners the

fraction that is normally a solid 26 at room temperature. The waxy fraction
fnay\BEQB AREIEEIRASR Aot FHRERE-TrH)s CRIG REFURR 61 it RSP
be preparertisendihereligonneriaationwf cAGratenboilngHkischeridrdpsch
erived, olefins. Regardless aof the soyrce, of the 29 Fischer-Tropsch wax
SRR A Ao mte BOmdl AB0U8 aGse lon T30 S e
- prodouies theddottoriis: wsed imprelparin gotheass pohirtdeped Siiingbdtingase
il'b ' . j . LRAL 32
B e e o o1
folddansing gemperdol) GEogn Eowalrgisoos izagBpand figctionation, the

Bydrgisamerizes Way WilliERaly e SO P Shensining GRlimMasWRR S Rple,

2 various distillate base oil cuts are collected. In the case of

Risch¥rIPRIPEERS BTFRleBiRg SidREdPENanie: JaSPaHFBRIS AERRESSINg
1be usgsfer thertimydseinpmesited fiseheschiopsehiidistidaiet kasedoikivENie the
bottoms material_ 5 collected.from the vacuum column comprise e
i RTBPLHSH Bl BTy Ao e A LSBT B e g pase
1depretsiactibase oil 7 blending component. In addition to
ydroisomerization and fractionation, the 8 waxy fraction may undergo

various other operations, such as, for example, 9 hydrocracking, _
1hydrdtre iy raid HyareswinhprpeTitbiid PoiepHeprasding! heveasedir point
18lending;comagpest ohigeRBsAhiYBNHABI BRiRNRAd SR bey 11

normal use of this term within the art, since it is really only a high boiling
1Base™ soh6i-fritisih distilpterhrspllr [ Gint GepreidiRg Bt 89 BidiSding
1GOMpoRRI ML HZYE oReHsNaited&ithat is Blidefistidcubigharsbarmthgiuce the

Rour oL oL ihe Mycrpisamerzed 16 FipcherTaones BHBI5 0ARE Bl poir
19 of both the pour point depressing base oil biending component and the

20  hydroisomerized distillate Fischer-Tropsch base oil. Therefore, it is not

21 necessary to reduce the pour point of the bottoms to the target pour point of
22  the engine oil. Accordingly, the actual degree of hydroisomerization need not
23  beas high as might otherwise be expected, and the hydroisomerization

24 reactor may be operated at lower severity with less cracking and less vield

25 loss. It has been found that the bottoms should not be over hydroisomerized
26 orits ability to act as a pour point depressing base oil blending component will
27  be compromised. Accordingly, the average degree of branching in the

28 molecules of the Fischer-Tropsch bottoms should fall within the range of from
29  about 5 to about 9 alky! branches per 100 carbon atoms.

30

31 A pour point depressing base oil blending component derived from a

32  Fischer-Tropsch feedstock will have an average molecular weight between
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17 hydroisomerized bottoms as described in this disclosure is used to
reduce the 18 pour point of the blend, the pour point of the blend will be
below the pour point 19 of both the pour point depressing base oil
wblengdingpgnmponent and the 20 hydroisomerized distillate PCT/US2005/024860
Fischer-Tropsch base oil. Therefore, it is not 21 necessary to reduce the

pourpalt@fthedatiems tothesiaraes o uaneiiroindditheeasinaeilit 1,000.

dingly, the actual d f.hydroi izatior, t 23 b
Righ L Btk 8128 Do ke LR U 20 2 o about
YeactorIhay deoipezatst atohEr.denignityowith i€ slsecradiking amngklesshwield
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ydrmsomen%g or its ability to act as a pour poin é)epressmg base oﬁ
blentiadricbrrpoatastignvebelushinsrhnse dra ceordiatpsivreas prageoint
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should fall within the ran%ly of 9 about 5 to about 9 alkyl branches

ber DyeregasNatdvRICalY - JneNTRIGFYBMb BlehFdinR) RIFEPBINb RPRIPRFINY
gompeseal ?&%hl@dgfﬁm@%a&&imm@é?mgezgxfggﬂ}%&tgﬁg\f@b@w, Righer cut
verage molecular weight between - , : .
R o S S R e e
1@bouhaierdealmisily, 0RFe 2<Ehe iengmeatrivigtbsinoat HORCdetrassiatybase
all within the range of from-abo tto.ab 2 cSt. The 10%
il S PR A el S A R A ese k.
12boresorgra agven ViesoF tizedistiine basrdiidgimsiionsiecular weight
4fydrocarbons are more effective as pour point 6 depressing base oil
blending components than the lower molecular weight 7 hydrocarbons.

14y pildIRE BRORBRCRHPNEBHR L FRIERbUPHaIR A& eI B BasEeA bottoms
1hlendipg caNBPaneRt¥ibeeA8 QiaTelss - (ouseaIesthdighentehds of the
oints in the fractionation colump which result in a higher hoiling bottom
160 ok B G AN EHSTER B4 B BRGARFR HE PR Boanances. The
1depreasingrbase sepanbizle mﬁiﬁggcsmf\mm em_@fﬁagﬁgimrtmmmla@s_ heen
b Beelan ipspeatEe iRl s hose
1hydrivigoohérizpbpettemesmain within the limits of the invention. The aily product
20  recovered after the solvent dewaxing operation while displaying some pour
21 point depressing properties is less effective than the waxy product.
22
23  In the case of being petroleum-derived, the basic method of preparation is
24  essentially the same as aiready described above. Particuiarly preferred for
25  preparing a petroleum derived pour point depressing base oil blending
26 component is bright stock containing a high wax content. Bright stock
27  constitutes a bottoms fraction which has been highly refined and dewaxed.
28  Bright stock is a high viscosity base oll which is named for the SUS viscosity
29 &t 210°F. Typically patroleum derived bright stock will have a viscosity above
30 180 ¢St at 40°C, preferably above 250 ¢St at 40°C, and more preferably
31 ranging from 500 to 1,100 cSt at 40°C. Bright siock derived from Daging
32  crude has been found to be especially suitable for use as the pour point
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15 material at a low temperature, generally -10C or less, the effectiveness
of the 16 pour point depressing base oil blending component may be
enhanced. The 17 waxy product separated during solvent dewaxing from
wiheobottosns has been 18 found to display improved pour peirt/dspressisgo
properties provided the 19 branching properties remain within the limits of

fhe iagsrg'@ﬂag hecRiyiNRARE 2R resavaredrafie hiaasel varltiewarngbright
e

operation while displaying some pour 21 point depressing propertjes is
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tomponent is bright stock containing a high wax content. Bright stock 27
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dewaxed. 28 Bright stock is a high viscosity base oil which is named for

the Sresvaitp il hposme PEoRTMBSIBIARE pEFORTh AR Mright BRIk will

Bave,ayissasity: AbaveBRiB G S hat 4 Qretarafyahiisaboye wBR. Cliedboiling
40C, and more preferably 31 ranging from 500 to 1,100 cSt at 40C. Brigh

t

StockeeRIdMRORP B RTING ISPTERMPIMES BEUT RS BERIpRAfPUIC be
1 guitaitieferdiseieSsine peunIminT a3 WebLAIeR @b882hould be greater than

PCT/US20 L [essi ase 0il blendin A .
e BROIVARHR. THE Hrahl 2 S L S RS Ao g o el
1Bptigmalyr el sbhe aveewaxedreBrighasthéiopreiiar stbéplelgoyf sotvpatr point

ewaxl f | : i

e e A e o
1poiniroaprssihg issaeosl HrkdGessinpdRent OF SRERMBEHPIE have a
qgaraffin content of at least about 30 wt%, more 8 preferably at least 40

wt%, and most preferably at least 50 wt%. The boiling 9 range of the pour

1Boinf\sifitvesFRFBAEE oil blending component should be 10 above about
1950F (510C). The 10% boiling point should be greater than 11 about

1%05(2{%@?%%3’5%%9% 0 PR SoeRs B H R LN ADBIAAZ decirable
ref : Se aeeé1 &85 raﬁccﬁlng iR e molecLiesd ot thie pour
1poinpropetrties, such as, anti-fatigue, anti-wear, and extreme pressure properties,
20 to the finished lubricant. The additive package which is blended into

21  the multigrade engine oil should be designed to meet ILSAC GF-3 or

22  GF-4 specifications. The specifications for GF-4 are similar to those for

23 GF-3, although GF-4 requirements are more difficult o meet in certain

24 tests. Therefore, any multigrade engine oil which meets GF-4

25 specifications will meet GF-3 as well. However, the reverse is not true. That
26 is to say, not all multigrade engine oils which meet GF-3 specifications

27  will pass GF-4. A number of commercial suppliers are available which

28 offer GF-3 and GF-4 additive packages on the market. Two specific

29  examples of commercially available GF-3 additive packages are

30  Lubrizo! LZ20000 {The Lubrizol Corporation) and Oloa 55006A

31  (Chevron Oronite Company LLC). Although the commercially available

32  additive packages are proprietary, U.S. Patent Nos. 6,500,786 and 6,730,638

- 24 -



13 depressing base oil blending component preferably will fall within the

range of 14 from about 6 to about 8 alkyl-branches per 100 carbon

atoms. 15 16 Additive Package 17 18 Additive packages are intended to
wprongeler sdditives which provide desirable 19 properties, SUBOBBS2005/024860

anti-fatigue, anti-wear, and extreme pressure properties, 20 to the

finishesklhuicaniuEe Rodilve aprekagawhichds dreadedinahideor an
multl%éade engine oil should be designed to meet ILSAC GF-3 or 22 GF-4

5pelhtihiERETRESpecifications for GF-4 are similar to those for 23
GF-3, although GF-4 requwements are more difficult to meet in certain 24

ZIeSt% ? igifﬁ O)émult as we%'lg 180 'éxvgh Evffréea?tadggve w?n h iz a

speC| Bowever, the reverse 18 hot trus.
& hacmmwmralpmaﬂrgnadmmﬁgm@aﬁmm paeka @B 3However,

s’spe$ i IC%&@' &§§ﬁ G é‘h%ﬁ%ﬁ%%%ﬂﬁ(&é'rﬁ&@&“ﬂ%&f&mﬁva

avalla h 28 offer GF-3 and GF-4 additive packages on the market.
TweEspaericepseamsied GetRnnerdaly asalamespsiadative emissions

Packaghr dheoINd HAFRANLA200R (bR, RGO rRRERH AR AchENoaf
55006A 31 (Chevron Oronite C%r%)% LLC). Although the commerciall

Svaiitht 31 HSRRESLEKUEED el ialyfgéonverers that
1(0,508e §6candnt:AB016 38d12d mmoewmmm&maa%ﬂm@ﬁa@
escrl formdulat,Pns ?&&de 0. ;W%%"T%& G -4 re mepts dor an 2
addftr\/e packa yldl%loghospﬁates }9)9
’iZanumaoantmnt&i mhaﬂms mitmommmmntunchmméaﬁahe

4 dditive. \BQQF%?&?  HONEMAE @&R%gwﬁ%ﬁ%&@&%ﬂevgﬁmcsmm%ﬁﬁe

to particulate matter in automotive” 7 exhaust emissions, and regula
1hgelbRErpENsEEId R e RBeECERiABiDaS B b em Elffd e Yrinsamamde to

14N asiglifien, tﬁemﬁﬁoﬁﬁﬁ@aﬁar}aﬁ@m@%@%,;ﬂﬁzﬁ@%@%@e Bhckages.

limiting the service life of the catalytic converters that 10 are used on cars

180 redBBRUHGHOIVIE RESIFERS 5 Rih D RIS BaRRIaE U arace engine ol of

17 the present invention will contain less than about 1.00 wit% zinc, expressed as
18  elemental metal, The additive package will also preferably contain less than
19 about 0.0 wi% phosphorus, expressed as elemental metal.

20

21 The Mulligrade Engine Gil

22

23 A commercial multigrade engine oil refers 1o an engine ofl that has

24 viscosity/temperature characteristics which fall within the limits of two different
25  SAE numbers in SAE J300 (see Table 1) and also meets sither the

26 ILSAC GF-3 or GF-4 reguirements, plus an AP! service category, such as SL
27  (for gasoline-powered vehicles) or Cl-4 (for diesel-powered vehicles). Europs
28  has its own specification system, although they do incorporate some

29  North American tests. The rest of the world mostly uses the North American
30 system to some degree, although obsolete AP| service categories abound in
31  developing countries. A multigrade engine oil within the scope of the present
32  invention comprises between about 15 and about 94.5 wt% of the
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11 matter and pollution formed during engine use for toxicological and 12
environmental reasons, but it is also important to maintain undiminished
the 13 anti-wear properties of the lubricating oil. In view of the
wehanteomgng of the 14 known zinc and phosphorus containipgrackhisdsas 4seo
efforts have been made to 15 reduce the amount of zinc and phosphorus

presgpfriheadditivepaskarsndoriisierabhsagdditivepackagssiussds

in preparing the multigrade engine oils of 17 the present invention will

Zonfain LD ik ShHTR 2055 RGH STRICSNHE:EEsE 9U DlengiamERTITRERY, 21
Thetastetsive packegeiialsoprterabiycontiindassdtap, Seabeukg
t% sphorus, expressed as elemental metal..20 21.The ltigrade .
T R s R Sl M o R RS point
il thizphessy iseositl ftempegatarepcharddte risticsanhes hdatl puithiioftiiee
il thsphassig VisoesH .

S areAipen SRR T RIS IR Feiad boa el
BervicsBardonslisradesare s Ak oRienEled cenileSloCl4
gfor Q&ﬁﬁéﬂﬁ)&wg Eﬁ%\ﬂ%hi@éﬁﬁhﬁ*&%ﬁp%@t’ﬁ%l@)’@a@@ﬁgﬂﬁ@@%ay also

system, although they do incorporate_ some 29 North American tests. The

Pest SRS ARGy Ydee thatqurOAh & - PRty BYRsizRs @ einselected
1@legfasmalthesghonbsdlatedh\Rlisenisindaiegarics aboLimeimaldlefin base oil, or

lopi ies. A multigrad [ il within th f th
e e OR TR L KO ARBb 10 AT S gty
12he REIMOL006/019BLIPETHIFRCOBIOR 4860 shhydimisomeneesl are not
(@ISl ISR TSRS Sl USSR B 10 20 wo

of the pour point depressing ending tomponent, and 3 between
T4bout 5 to about 30 wt% of the additive package. Generally, the 4

1ENUlgIRdRRIYIRG ALRBRLR AHARIESNIGR WA IMS WiEEH RA the

_hgoint 5 depressing base oil blending component to reduce the pour point

) g poini
f thEEONGFBMBATH R 3G HRBHSHIS L ATPGHEEH. B8 SABp e Wt Bde
11 Tsngdelifipn tefoidihigiade migite i samy optiendlivialsgieppinn leat 8

18 O 5o A S o SRS B e UL RS AL Y iR
19  Fischer-Tropsch base oil by atleast 2°C, it is not intended fo intimate that the
20 pour point depressing base oil blending component and the hydroisomerized
21 distillate base oil must be blended together first and then the additive package
22 biended in next. The intent is that the ratio of pour point depressing base oil
23  blending component and hydroisomerized distillate Fischer-Tropsch base oil
24 in the final blend should be such that if the two components were blended

25  together without the additive package, the pour point of the hydroisomerized
26  distillate Fischer-Tropsch base oil would be reduced by at least 2°C. The

27 actual order in which the components are blended is irrelevant.

28

29  Multigrade engine oils within the scope of the invention may be formulated to
3¢ meet the specifications for SAE viscosity grade 0W-XX, 5W-XX, or 10W-XX
31  engine oil, wherein XX represents the integer 20, 30, or 40. Formulations

32  meeting the specifications for SAE viscosity grade O0W-20 have been
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9 contain from about 5 wt% to about 70 wt% of a polymerized olefin
selected 10 from at least one of a polyalphaolefin base oil, a
polyinternalolefin base oil, or 11 a mixture of polyalphaolefin and
waphgintersmlolefin base oils. However, usually 12 additional pouiRsitgo24s60
depressants and/or viscosity index improvers are not 13 necessary in

formulatiensipre pased rRECOLHnIH éF&%éﬁVﬁﬂ@ﬂ}oﬂml%Qlﬁf@H@@Me

o B AT Bt BN PSR WA © with o
Stateddtattssffididrtypicar paitigdsr essing basevihibléns m@pemmeenvent,gn

%8 SW%Q?@Q@&% ﬁ)d%r?ﬁﬁ%‘@ ‘?Fu’f Ra% eltgé %@Wﬁj ac% %,omerlz Ures of

distil er-Tropsch base oil by at isot intended to
htimafe thantha 106 pesppaivetieprrssitiiivasavi Ble MR Torhpesgheat -40°C
and [henyarmisonesiasd 44 Sistilaigpase oil must be blended together

first and then the additive package 22 blended in next. The intent is that

the ratio of pour point depressing base oil 23 blending component and

Bzdr%&gmrﬁ@%ﬁ@ﬁt?%ﬁggmw-immmﬁﬁgfkéﬂémg@ rfjaédzhlbmgtmty
ould, be that if the t ere blen 5 together
S o B ASES oD s T R, CIE R e o RELS 26
1distiltstesBssrhebTedpsbe kaseaitiviywi hecredhibeg byhanteasbRGisEldn the
7 agt C n blended is.itrelevant, 28
g B & R R A R S S B s
180 3echieeedhe specifications for SAE V|scosity grade OW-XX, 5W-XX, or

18§OW-XX 31 engine oil, wherein XX represents the integer 20, 30, or 40.
Formulations 32 meeting the speC|f|cat|ons for SAE viscosity grade

TOw-Derigasst dn ep oV DR0eRBTbeRIusEa RSB doliengexample
1§ucqaﬁﬁwlil@/:mmaaebtﬁ,ln@ﬁ@@r%e@m@y@fﬁm@mm@ﬁd@@wlfﬁé Halbdheidne
RV TP of the formulation must have a result of 60,000 cP at -40C with

fdldYress. Likewise, multigrade engine oils within the scope of the
|nvent|on 4 may be formulated with an MRV TP-1 result of 60,000 at
temperatures of 5 -35C and -30C, respectively. Formulations with an MVR
TP-1 result at -40C 6 of 30,000 and 15,000 are also possible.
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7 8 In order to meet the ILSAC GF-3 and GF-4 requirements a Noack
volatility 9 value of 15 as measured by standard test method ASTM D
5800 is 10 necessary. Due to the low volatility of Fischer-Tropsch
wimatesialssesed in the 11 formulations of the invention, Noadicvalstiligyoz4ss0
values of 10 or less may be 12 achieved. 13 14 The present invention
qnay be further illustrated by the follomsnggxample 15 which is not
intended, however, to represent a limitation on the scope of the 16
fnvention. -27 WO 2006/019821 PCT/US2005/024860 1 EXAMPLE 2 3
FwoTrischiecHyopashcniaxesdaerernatedwittitaititrdranbaseddod

e e R

R SR

Fotal &liteagen and Sulfur, ppm less than 10 less than 25 Oxygen by
Aleutron Activation, wt% 0.15 0.69 Oil Content, D 721, wt% <0.8 6.68
Total Normal Paraffin, wt% by GC 92.15 83.72 D 6352 SIMDIST (wt%), F
70.5 784 129 T5 853 568 T10 875 62824828 914 674 T30 941 717 T40

968 756 [ Fabh&RchA Catalyst Fe-Based Co-Based
Total Nitrogen and Suifur, ppm iess than 10 iess than 25
Oxygen by Neuiron Activation, wt% | 0.15 0.69
Ol Content, D 721, wit% <0.8 6.68
Total Normat Paraffin, wit% by GC 92.15 83.72
[ 6352 SIMDIST (wt%), °F
T0.5 784 128
TS 853 568
T10 875 628
T20 G114 674
T30 841 77
T40 968 756
TS50 8995 792
T80 1013 827
T70 1031 873
T80 1051 914
T80 1081 . 865
785 1107 1006
T09.5 1133 1080

8 ;

9

10  Four different Fischer-Tropsch derived products were made by

11
12
13
14
15
16
17
18

hydroisomerizing the Fischer-Tropsch waxes from Table 2 over P/SAPO-11
on an alumina support. Two of the products were made from the iron-based
Fischer-Tropsch wax and two were made from the cobalt-based
Fischer-Tropsch wax. The full range broad boiling isomerized wax products
were subsequently separated by vacuum distillation. The properties of these
four fractions are summarized in Table 3. FT-4.4 and FT-4.5 were
hydroisomerized Fischer-Tropsch derived lubricant base ol distillate fractions
and FT7-8.0 and FT-9.8 were bottoms fractions. Note that the FT7-9.8 had the

-28.



T60 1013 827 T70 1031 873 T80 1051 914 T90 1081 965 T95 1107
1005 T99.5 11331090 89 10 Four different Fischer-Tropsch derived
products were made by 11 hydroisomerizing the Fischer-Tropsch waxes
whanedfabie12 over P/SAPO-11 12 on an alumina support. PO/ oS 261s/024860
products were made from the iron-based 13 Fischer-Tropsch wax and
two wErehnidde fsim ihecobiitidasent LidisetiaeT anmschavahathe dollr point
ange broad bpiling jsemerized wax.preducts 15 were subsequently
%ep%oreég'é%egya\ggé%ﬁin |s?iﬂ§tf%)r?@%e8 p?r‘operties of these 16 four fractions
&re summarized in Table 3. FT-4.4 and FT-4.5 were 17 hydroisomerized
Fischer-Tropsch derived lubricant basg,gjj distillate fractions 18 and
FT-8.0 and FT-9.8 were bottoms fractions, Note that the FT-9.8 had the

-28 WRROBArEd821 PCTIIE2605/024860%10% hdiiingSoint i 8

boilihng range greater than 9GgF=aHd Riadiaaddertiseint Dbl Befrabout

-15C Bh#@bout 20C. 3 4 TEIEFSamplEFreifeities FTRpsET Zefased
FT-8.0FTY 8t Bade &Sl - Distiildte FractididsDistillate Boms Fréilax
Co-BibseerbdrBased Co-Badéd Fe-Based4¥iscosity pt800C, cSté8.415
4.524Pp9689.830 Viscositylhdex 147 149 165 163 |Ptur Point,-€ -12 -17
-12 1 G2 \BEE-3E @P-35C,8072,079 2,09093,627 2818507 SIMPISHC
(Wt% BIRBEIABTL6824 911

5 743 718 824 911

10/ 30 753/728 732/782 830/877 §21/936

50 823 843 918 871

70/90 868/929 883/917 977076 | 999/1050

g5 949 928 1120 1074

FIMS Analysis, wt%

Paraffins _ 85.0 894 70.2 81.2

Monocycloparaffins 14.0 10.4 28.0 16.4

Multicycioparaffins 1.0 0.2 1.8 2.3

Total 100.0 100.0 100.0 100.0

Methyl Branches per 100 6.63

Carbons

N-Paraffing by GC, wit% l.ess than 2

Note that FT-8.8 meets the properties of the pour point depressing base oil
blending component used o prepare blends of this invention. I has the

oW~ Oy

preferred amount of methyl branching, n-paraffin composition, CCS VIS,
9  10% boiling point, and pour point. FT-8 does not meet the properties of the
1C  pour point reducing base oil blending component of this invention. It has a
11 10% boiling point well below 900°F.
12
13 Three different multigrade engine oil formulations were made using the
14 Fischer-Tropsch derived base oils described above. The components of each

15  of these engine oil formulations are shown in Table 4.
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10/30 753/726 7321792 830/877 921/936 50 823 843 919 971 70/ 90
868/929 883/917 977/1076 999/1050 95 949 929 1120 1074 FIMS
Analysis, wt% Paraffins 85.0 89.4 70.2 81.3 Monocycloparaffins 14.0 10.4
waBededs2iulticycloparaffins 1.0 0.2 1.8 2.3 Total 100.0 1@ 0U0006/624860
100.0 Methyl Branches per 100 6.63 Carbons N-Paraffins by GC, wt%
Less than 2 5 6 Note that FT-9.8 meétaih@@ropertles of the pour point
depressing base-oit-7blending-eomponent reblends-ef-this
invention. It has\ihedpigierred-amaunt of rggft& &}béenchlgé}g? a@g{?ﬁ ffin
composition, ESWES, 9 10%] bailrag point,osndopour poindwkEEr-8 doES not
meet the properies of the 10|mour point redraging base gikbending
component pFthissinvention. Tt hasza 11 108 boiling poifigwell below
900F. 12 13Amheee different maltigrade engaeOIl formulafioRs were made
using the 14 FisgBer-TropsSchitegived base @ilS describeg@bove. The
components oFeaGhiib @af thege gngine oilformulations gre Showrmim
Table 4. -29 BEE 200EEI8ZL PCTIUSZ00%/(324860 T q@iggc‘;
ComparatinT@Tﬁpﬁm%Engine OitgsEngine-Oil
En pine Oil 3T&FE Grade OW-2@ W-20 W28 F 44 Qmag 4153
FT-4.579.83 00 FT-8 03561 74.01

3 Comparative Engine Olls 2 and 3 contained a polyalkyl methacrylate (PAMA)
4 pour point depressant, while Engine Oil 1 did not. None of the examples
S5 contained additional viscosity index improver, other than what may have been
6  present in incidental amounts in the GF-3 addifive packages.
7
8 The viscometric properties of these three engine oil formulations are
8 summarized in Table 5.
10
11 Table 5
Comparative | Comparative
Froperties Engine il 1 | Engine Ol 2 | Engine Oil 3
Viscosity at 100 °C 6.87 7.09 8.89
Pour Point, °C -43 -43 Not tested
MRV TP-1 @-40 °C | 12,400 71,156 Not tested
Yield Stress None None
MRV TP-1 @-35 °C Not tested Not tested 176,400
Yield Stress 80
Noack Volatility, W% | 9.0 Not tested Not iested
12

13 Note the extremely low MRV TP-1 viscosity of Engine Oil 1. This result was
14 surprising considering the engine oil formulation was made using a high

15 viscosity bottoms product which would not be expected to have good low

16 temperature properties. The results are especially surprising considering that
17 no pour point depressant or Visoosity index improver was added to the

18  formulation. These excellent low temperature propetrties are believed to be
18 related to (a) the high boiling point and particular branching properties of the

- 30 -



FT-9.8 8.87 0 0 GF-3 Additive #1 11.30 0 0 GF-3 Additive #2 0 10.35
10.35 PAMA PPD 0 0.30 0.30 TOTAL 100.00 100.00 100.00 2 3
Comparative Engine Oils 2 and 3 contained a polyalkyl methacrylate

W@ ZvbAorodzpour point depressant, while Engine Oil 1 did notedNopS:6fsihe 860
examples 5 contained additional viscosity index improver, other than what

may Favepbee e BuRiAg B N e MAARBRIHYSHR: t%@&sﬁtﬁ&%&%b

acka es 4 8 % e viscometric ropertle of these three engine o

mBIGHESE B M R or R B T S T S b hpar it wers
ComparatekinRy dher tegiBagintMibldHioine Oil 2 Engine Oil 3 Viscosity at
100 C 6.67 7.09 8.89 Pour Point, C -43 -43 Not tested MRV TP-1 @-40 C
12,400 71,156 Not tested Yield Stress None None MRV TP-1 @-35 C
Not tested Not tested 176,400 Yield Stress 80 Noack Volatility, Wt% 9.0
Not tested Not tested 12 13 Note the extremely low MRV TP-1 viscosity
of Engine Qil 1. This result was 14 surprising considering the engine oil
formulation was made using a high 15 viscosity bottoms product which
would not be expected to have good low 16 temperature properties. The
results are especially surprising considering that 17 no pour point
depressant or viscosity index improver was added to the 18 formulation.
These excellent low temperature properties are believed to be 19 related
to (a) the high boiling point and particular branching properties of the
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-30 WO 2006/019821 PCT/US2005/024860 | pour point reducing base oll
blending component, and (b) the desirable 2 properties of the
hydroisomerized Fischer-Tropsch lubricant base oil that were 3 blended

wintdbreregrgine oil formulation. -31 WO 2006/019821 POT/US2005/924860

PCT/US2005/024860 1 WHAT IS CLAIMED IS: 2 3 1. A multigrade

,ieng%% /Qlil fge@ﬂﬂ%té%§gecifications for SAE J300 4 revised June 2001
requITENIENts, sard engimne oil comprising: 5 6 (a) between about 15 to

Zabout 94.5 wt% of a hydroisomerized 7 distillate Fischer-Tropsch base oil

schagacterized hy S A Ramalicndssas it depusan-AReLl 3 Sand aloout 8
cStat 9 100C, (if) at least about 3 wt% of the molecules having 10

4cycloparaffYAFSCESRRRYC ARCHIF RS SRIRGIRI PR R HBR cules

swith monocycloparaffin functionality to weight percent 12 of molecules

with multicycloparaffin functionality greater ahout 15:; 14 15 (b
6between ;égut 0: a%eglg'o?%%%v%%ggg gugo%%%ngﬁ%’aote%pareh s(?%sﬁrg%%&séedoil
7blending con_1pommttilptepﬁﬁsedéré’moa&shﬂﬂ@soﬂr@ﬁedieriz%Mms
gnaterial having aj) 2ygians feies gl anclng-dhe, B HPIASHIES oot at

between about

out 9 alkyl-branches per 19 100 carbon atoms

%and wherein not MEFEtHANaL teagdE BRIISS 20 hetbibapuie0oers Naving1

1022 (€) between afou - ta AR au 3R MAN oh A @fditraPackadgnSercent
designed to meet the specifications for ILSAC GF-3. 24 25 2. The

. 4 252. The.
Tmultigrade engin®IfH BRI MANGEYR AR ZH R0 Finnalfy ig weight percent

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

of molecules with muiticycloparaffin functionality greater than
about 15;

(b)  between about 0.5 to about 20 wi% of a pour point depressing
hase oil blending component prepared from an hydroisomerized
botioms material having an average degree of branching in the
molecules between about & and about  alkyl-branches per
100 carbon atoms and wherein not more than 10 wi% boils
below about 900°F; and

(¢) between about & 1o about 30 wi% of an additive package
designed to meet the specifications for ILSAC GF-3.

2. The multigrade engine oil of claim 1 wherein the additive package is
designed to meet the specifications for ILSAC GF-4.

3. The multigrade engine oil of claim 1 wherein the additive package

contains less than about 1.00 wt% zinc expressed as elemental metal.
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26 designed to meet the specifications for ILSAC GF-4. 27 28 3. The
multigrade engine oil of claim 1 wherein the additive package 29 contains
less than about 1.00 wt% zinc expressed as elemental metal. -32 WO
wR0018821 PCT/1TS2005/024860 1 4. The multigrade emgingsxafo24s60
claim | wherein the additive package 2 contains less than about 0.90 wt%

: @hoﬁphoruﬁ%&ﬂ@ﬁé%é%ﬁé%&%@f Sdngtahpefom thaeaauiig adekage
engine oil of claim 1 meeting the s Qiﬂcém‘%ons for 6 SAE viscosit gra?le _
ZOW-XX, SHTENTBISEANHEERBHE Th A P PP RS ERESERRS i ciomental

anteger 20n38apr 40. 8 9 6. The multigrade engine oil of claim 5 meeting
t{ﬂhe specifications for 10 SAE viscosity grade OW-20. 11 12 7. The

multigrade engine oil of claim 1 having a MRV TP-1 result of less 13 than
%0,d00 cP Ee300ltitvadsehdinmeaihoftic eanie iengrtingitinf spenifizataviadon

RV TP- It.of | ; t s 1. . -

O iorace aeai Sl o) e B et ey TP s o Bee g s
750,000 cP&K Bocsotohe diteaer Alitste@ie®®ngine oil of claim 9 having
@ MRV TP-1 result of less 22 than 30,000 cP at -40C. 23 24 11. The

multigrade engine oil of claim 10 havin%,a MRV TP-1 result of less, 25
Sharf15 oobes it tigreaaine oil of claim & meeting the specifications for

10 SAE viscosity grade 0W-20.

11

12 7. The multigrade engine oil of claim 1 having a MRV TP-1 result of iess
13 than 60,000 cF at -30°C.

14

15 8. The multigrade engine oil of claim 7 having a MRV TP-1 result of less
16 than 60,000 cP at -35°C.

17

18 Q. The multigrade engine oil of claim 8 having a MRV TP-1 result of less
19 than 60,000 cP at -40°C.

20

21 10. The multigrade engine oil of claim 8 having a MRV TP-1 resuli of less
22 than 30,000 cP at -40°C.

23

24 11.  The multigrade engine oil of claim 10 having a MRV TP-1 result of less
25 than 15,000 cP at -40°C.

26

27 12.  The multigrade engine oil of claim 1 having a Noack volatility value of
28 about 15% or less.

29

30 13. The multigrade engine oil of claim 12 having a Noack volatility value of
31 about 10% or less.
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27 12. The multigrade engine oil of claim 1 having a Noack volatility value
of 28 about 15% or less. 29 30 13. The multigrade engine oil of claim 12
having a Noack volatility value of 31 about 10% or less. -33 WO
w20066019821 PCT/US2005/024860 1 14. The multigrade engimesailosfiz4s60
claim 1 wherein the hydroisomerized 2 distillate Fischer-Tropsch base oil

{s charactefizedhyiatlaast- AU bR Quutdeiol e JRoiec WS HaYINGrized

cycloparaffin functionality. 45 15. The multigrade engine 0il of claim 1

wherein hylirdlRSmEitebaalsanatd BARRE - FThafReRRaskRyiasieast about
gharacterizgpvizytae fFadieelomaighh Bereepicio oh ramie sulRSIaYENty.

onocycloparaffin functionality to weight percent of 8 molecules with
ulticycloparaffin functionality of greater than about 50. 9 10 16. The
nultigr.ade Trgne! il ad € lanmirievwi ereifatme thy ssisiorhedizesb rb &rtistil ditsiliate

il ins.| / 0 matiGs. 17..The
oo e TSARAN FRIDMC HEGEAMBNI b o by Wilap porcent
base oil copitaineldfingvifh ancav_@RRaRREINSUMdenaliie Wesby pengent of
gluration carpen-13 NMR - BidycldaFhemuligradaisnsinaipiciaimghyt 50.

wherein the pour point depressing 18 base oil blending component is
Yerived from an isomerized 19 Fischer-Tropsch derived bottoms product

1dﬁgvimg.a mrlli@qu@tim@b@?&ﬁw&mﬁwbﬁ%ﬁm%ﬂ%@ﬁ@ﬂeﬁe&
. The multigrade engine oil of claim | wherein the pour point depressing
2 base o BRI AR AT RE St PO
ihottoms product having an average molecular weight of at least 600. 25

13 17.  The muliigrade engine oil of claim 1 wherein the hydroisomerized

14 distillate base oil contains olefins in an amount which is undetectable
15 by long duration carbon-13 NMR.

16

17 18.  The multigrade engine oil of claim 1 wherein the pour point depressing
18 base ofl blending component is derived from an isomerized

19 Fischer-Tropsch derived bottoms product having a molecular weight
20 betwsen about 600 and about 1,100.

21

22 19, The multigrade engine oil of claim 1 wherein the pour point depressing
23 base oil blending component is an isomerized petroleum derived

24 bottoms product having an average moiecular weight of at least 600.
25

26 20. The multigrade engine oil of claim 1 wherein the pour point depressing
27 base oil blending component has an average degree of branching in
28 the molecules between about 6 and about 8 alkyl-branches per

29 100 carbon atoms.

30

31 21. The multigrade engine oil of claim 1 further comprising from about
32 5 wt% to about 70 wi% of a polymerized olefin selected from at least
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26 20. The multigrade engine oil of claim | wherein the pour point
depressing 27 base oil blending component has an average degree of
branching in 28 the molecules between about 6 and about 8
walkyodoramsehes per 29 100 carbon atoms. 30 31 21. The muttigrasmoes/oz48se
engine oil of claim 1 further comprising from about 32 5 wt% to about 70

wit% of a pehemgrizeshnigfifbsrinstessiem atdenshicAbOidAA0E9831 2
PCT/US2005/024860 1 one of a,pogl}/ﬁlph%’olefin bai%oil, a

PolyinterndISHEHFPIASOYRIRIR I HiRRSt & OY POfyApREE I A Sha -
polyinternalolefin base oils. 3 4 22. The multigrade engine oil of claim 1
ontaining.no additional pour.point 5 depressant. additive or viscosity .
etV o AR ol & e A oo R agr o
fneeting thécp szscificatiolisdar SIKEC3BY OnrEvisepianes. 2001
(?:equirements which 9 comprises: 10 11 (a) hydroisomerizing a waxy
ischer-Tropsch base oil in an 12 isomerization zone in the presence of a
hydrdlsometi Badierss Soe ap afina @ nydisyefaneinprel Jersiieg the
gonditions getefminpmsk4rie srovide adilieisenerzed kisaRandrepasich
base oil product;, 15 16 17 (b) recovering from the isomerization zone a
$iydroisomERTRIISES  Fischer-Tropsch base oil product; 19 20 (c) distilling
1¢he hydroisomerized Fischer-Tropsch base oil product 21 recovered from
’ he isomerié tion zone under. distillation ZingCC ngdi_ti%ss%thebselec dto

ollect a di 'Iatel—lyls%secfﬁergﬁg&az‘g%‘ se oil chara enzegst?yo('i Ren
1Xinematic viscositydretnesivalzone in the presence of a hydroisomerization

13 catalyst and hydrogen under pre-selected conditions determined
14 to provide a hydroisomerized Fischer-Tropsch base oif product;
15

16

17 (b)Y  recovering from the isomerization zone a hydroisomerized

18 Fischer-Tropsch base oil product;

19 |

20 (c)  distilling the hydroisomerized Fischer-Tropsch base oil product
21 recovered from the isomerization zone under distiliation

22 conditions pre-seiected to collect a distillate Fischer-Tropsch

23 base oil characterized by (i) a kinematic viscosity between about
24 2.5 and about 8 ¢St at 100°C, (ii) at least about 3 wt% of the

25 molecules having cycloparafiin functionality, and (iii) a ratio of
26 weight percent molecules with monocycloparaffin functionality to
27 weight percent of molecules with multicycloparaffin functionality
28 greater than about 15;

29

30 (d)  blending the distillate Fischer-Tropsch base oil with (i) a pour

31 pcint depressing base oil blending component prepared from an
32 hydroisomerized bottoms material having an average degree of
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24 2.5 and about 8 cSt at 100C, (ii) at least about 3 wt% of the 25
molecules having cycloparaffin functionality, and (iii) a ratio of 26 weight
percent molecules with monocycloparaffin functionality to 27 weight
weresintiedanolecules with multicycloparaffin functionality 28gneatesithanseo
about 15; 29 30 (d) blending the distillate Fischer-Tropsch base oil with (i)
a pour 31 point depressing. b i %I i 0 m an
132 hydroisomeri(ibe %ﬁ%ﬁ% %rigt@ég %E%%rq%e ﬁgag\g‘eggég%e%?%re%gé {1835
2ANVO 2006/01982¢ PEV-US2CISORAS60 aeBranaiings s ievherstuneg more

etween about Sand abaut 23 RllodipREes AR LONa]1HIA atpmpand

wherein not more 3 than 10 wt% boils below about 900F and (iiésan )
“additive 4 packa§E@ESIGEFRRTLS: MRESNG MreriBrRiNS MG AESGE- $TH3 I
8 the proper propgetigRsép pelsbaionstigrade enginespddeegtiige Githeeeting
specifications for SAE J300 revised J .1 824 The ess of
6(:Iaim 23 includinwﬁ]%ogagﬁ%mss %ég‘%égl%&iﬁ%ﬁﬁa Jé'?ﬁeﬁ(%
‘hydroisomerized Fischer-Tropsch base oil product wherein 10 aromatics
omypyise nQ.m 0% roi ' o
schbr T3 o et 8 ol s e RS AIRHERS Chop ot hofiisring
912 long dulgibhictaidwner@edvircher-T40pscit hegs cdays dpelairerEn
1gvherein thsreﬁﬁ%e&ecgiﬁ?h%-wm basecoll o e visersituing®Xed

equal to or greater than the viscosity index 16 calculated by the equation:

117 18 vI =FIgcRemn{kmsaiabasasibaiy Hiepmeya 65Crdingafmierariegiable by
{1AepresentonscOSHBiibiexbdh4B repIRsents the natural log.

13
14 25, The process of claim 23 wherein the distillate Fischer-Tropsch base oil

19 has a viscosity index equal to or greater than the viscosity index

16 calculated by the equation:

17

18 VI = 28 x Ln(kinematic viscosity at 100°C) + 95

16

20 Whereir: VI represents viscosity index

21 L.n represents the natural log.

22

23 28. The process of claim 23 wherein the distillate Fischer-Tropsch base oil
24 has & cold cranking simulator viscosity at -35°C equal to or less than a
25 value calcuiated hy the equation:

26 '

27 CCS VIS(-35°C) = 38 x (kinematic viscosity at 100°C)*

28

29 Wherein: CCS VIS{-35°C) represents cold cranking simulator

30 viscosity at -35°C.

31
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22 23 26. The process of claim 23 wherein the distillate Fischer-Tropsch

base oil 24 has a cold cranking simulator viscosity at -35C equal to or

less than a 25 value calculated by the equation: 26 27 CCS VIS(-35C) =
waB2rogmematic viscosity at 100C)3 28 29 Wherein: CCS VIi{13663p05/624860

represents cold cranking simulator 30 viscosity at -35C. 31 -36 WO

f ? 198%%._@ CT/USZO /024 01 27. 1.ﬂ es f clai 6wher§|n

he distillate &he?ﬁsrop Ehr%ase ol 2'has% %%@Ei:?a KiRg"Si 8’%\?8? @se ol

¥iscosity at35€ @ighatsoidndezgithaivaviSoraiiieataRilGtedin) ther less than a

gquation: 4 5 CG éﬁ'lﬁt%é% hie ﬁéh matic viscosity at 100C)2.8 6 7
35C [

Wherein: CCS VIS(- resents cold cranking simulator 8 viscosity at
435C. 9 28. The process of claim 23 wherein the pour point depressing

base oil 10 blendipg:copmppnsrthasa Meleewanweighighalleast 600

1 12 29. The process of claim 23 wherein the pour point depressing

ase oil 13 blending component has an average degree of branching in
The 14 molwumsibetweemsmm@am abouk8ratkybly anahiespsimi08tor

arbon 15 atoms. 16 17 30 e.p| s of claim 23 wherein sufficient
pour point depressing base El 0|} blending component is blended into the
nultitffade Bmgimewibtoo] SlkbweiBthdpmin feimmfrtheidlistélatessing base oil

1frischer-Tropschy DAsE-QI PV AL I8ASE 78188uar weight of at least 600.
11
12 29. The process of claim 23 wherein the pour point depressing base oil

13 blending component has an average degree of branching in the

14 molecules between about 6 and about 8 alkyl-branches per 100 carbon
15 atoms.

16

17 30.  The process of claim 23 wherein sufficient pour point depressing base
18 oil blending component is blended info the multigrade engine oii to

19 lower the pour point of the distillate Fischer-Tropsch base oil by at least
20 2°C.

21

22 31, The process of claim 23 wherein the additive package is designed to
23 meet the specifications for ILSAC GF-4,

24

25 32. The process of claim 23 wherein the distillate Fischer-Tropsch base oil
26 is blended with the pour point depressing base oil blending component
27 and additive package in the proper proportions to yieid a multigrade

28 engine oil having a MRV TP-1 result of less than 60,000 cP at -30°C.
29

30 33, The process of claim 32 wherein the distillate Fischer-Tropsch base oil
31 is blended with the pour point depressing base oil blending component
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21 22 31. The process of claim 23 wherein the additive package is
designed to 23 meet the specifications for ILSAC GF-4. 24 25 32. The
process of claim 23 wherein the distillate Fischer-Tropsch base oil 26 is
wienoeet syith the pour point depressing base oil blending compepemhsA84ss0
and additive package in the proper proportions to yield a multigrade 28

engine oil hayingsaiMRVaERad G5 058 érﬁﬂhéﬁlggg %é/% d%oigtﬂf?rgrade

30 33. The process of claim 32 wherein t ate Fischer-Tropsc

Base oil 3EMIBIERIRHE B BYUFPdineeidhridensdirr 8GN eiepiing35°C.
gomponent -37 WO 2006/019821 PCT/US2005/024860 | and additive

ein er proportions ta yield muIt| rade 2 engine oll
i G PRt OB A E61000 I UeTe 526 Car bipepeg base of
5rocess of Eaiend@adwhigneetheLdistiliet e dpssimnd hepschilasediy @mpongm
lended wi t pre base all bIe d|n component
gnd addltlv%}lg;%ff&%ﬂe[ai %%ﬁgéoﬁne%rﬁpr r%pg ORS " yle %8 %%&u!}lgrade
éngine oil Fenging @MR\%WM@&U&FMImﬂhaﬁ!&wbemﬁ(}aﬂ@@(ﬁ@. a8-80°C.

85. The process of claim 34 wherein the distillate Fischer-Tropsch base oil
10 is blended with the pour point degressing base oil blending component

91 ard-addifierracketelifithe propeeisiajoridisdiielyiBiscaendinpece base o
iengine oil havieg ey T boespibiat @ﬁ&é@&é@é@&%@n&%c&ﬁmnm
i4 36. Theépﬁﬁcess of clai ﬁ? 35 Whﬁeem the distillate Fischer-Tropsch
ase oil 15T FERELE BAF30E Bbt d%fﬂ?%féﬁfé%%@*ﬁé%éf@fﬂb%wiﬁgrade
12omponenterifranal ddditigeejdBRATEIN theiroprEproROrBomarek aA0°C,
gwultlgrade 17 engine oil having a MRV TP-1 result of less than 15,000 cP

at -40C. -38
t4 36. The process of claim 35 wherein the distillate Fischer-Tropsch base oil

15 is blended with the pour point depressing base oil blending component
16 and additive package in the proper proportions to vield a multigrade
17 engine oit having a MRV TP-1 result of less than 15,000 cP at -40°C.
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