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The present invention relates to a multigrade engine oil prepared from a
Fischer-Tropsch distillate base oil that is capable of meeting the specifications
for ILSAC GF-3 or GF-4 and the SAE J300 revised June 2001 requirements
for MRV TP-1 prepared by blending the Fischer-Tropsch base oil with a pour
point depressing base oil blending component and an additive package
meeting ILSAC GF-3 or GF-4 requirements.

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 oil is the major constituent
in these finished lubricants and contributes significantly to the properties of

the engine oil. In general, a few lubricating base oils are used to manufacture
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20 Lubricating base oils intended for preparing finished lubricants should have a
21 Noack volatility no greater than current conventional Group | or Group Il 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 to 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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21 API PC-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 sulfur content and excellent stability making them
27  excellent candidates for blending into high quality finished lubricants.

28  Unfortunately, finished lubricants blended from Fischer-Tropsch derived base
29 oils generally display poor low temperature properties, particularly 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.
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19  wherein XX represents the integer 20, 30, or 40. A multigrade engine oil

20 meeting 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 a multigrade
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 adistillate Fischer-Tropsch base oil characterized by (i) a kinematic viscosity
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10W-40
grades) _ _
40 3.7 (15W-40, 12.5 <16.3
20W-40 and
25W-40
grades)
50 3.7 - -- 16.3 <21.9
60 3.7 -- - 219 < 26.1
7 *Notes 1cP = 1centipoise = TmPa.s. This dynamic viscosity can be converted as follows: Dynamic Viscosity =
8 Density x Kinematic Viscosity.
10 High Temperature High Shear Rate Viscosity is determined at 106 s-1 by ASTM D 4683, ASTM D 4741, or
j]% ASTM D 5481.
12 Cold Cranking Simulator Viscosity (CCS Vis) is determined by ASTM D 5293.
15 Mini-Rotary Viscometer (MRV) TP-1 Viscosity is determined by ASTM D 4684,
16 Kinematic Viscosity is determined by ASTM D 445.
17
18
19  Analytical Methods
20
21 Kinematic viscosity described in this disclosure was measured by
22 ASTM D 445-01.
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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 to have a specified thermal history which

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

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

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

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.
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hoahiaayoBdis &S shatBetiniAS tr i Ghg Stamsndard test
el QWHRIdRS PRED 5800NABCh @Y t%rtngirﬁ%@oHN@é&ﬂs‘M@ﬁﬁEd ¥s the

constant flow of air is drawn 0 mnutes. A nore
& onwens ehoil rexpresseddn veidhipeseenigwiishdk laslivéan iheyoiliadieated

one i co | at . M 800_.uses,a. .

g nerrr G ETaS PRAR AR o TRy P pReg e test
10PoUgrupldthrédewhich Ehesthisifey ot &iF & @lbwiios BOtrigutes. A more

sanple will begin to flow under carefully controlled

11conepnviesient maihed foy calatating Neackwlalitygbe gsei wiichgorrelates

125, "GP RS ET) 860 uRbR S0, el BRI AR (EETrRRY by
12quA8aNVEDB379l may be deterni ned by using ASTM D

2270-93 ( 1998) or its equivalent. Ml ecul ar wei ght
4may be determ ned by ASTM D 2502, ASTM D 2503, or

160t heby ShtikERk& s 18t %Slwﬁé}étth‘é %ﬁwiﬁsﬁ%@a@ﬁﬁl% P\;/il‘f"bégin to flow

this invention, nole ar weig IS prefera
16det endarmadefbly ASTMIBI2S506IDDS. Iksthissdigclhsure), wheagm pour point is

10 e 0L §BolTEL P ol BaR AR By SEFRER SRayta
18 UbgbBd ATV D858 ¥t RpMAEntad! G bel détdanhhethslng
The branchi ng properties of the pour point depressing
1DashSOM D@Qégfﬂaq@ 998) 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 analytical
23  method to the standard reference method refers to any analytical method
24 which gives substantially the same results as the standard method.
25
26  The branching properties of the pour point depressing base oil blending
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.



conmponent of the present invention was determ ned by
anal yzing a sanple of oil using carbon-13 NWVR

waewentisag to the foll owi ng seven-step processPCT/US2005/024860
Ref erences cited in the description of the process

prow de I t

B ¥ oe 8 e 1 bUFERRARRE RS Pl B0 i i
2pr ocess. Usingd dﬁllDEPSr Feililee Sk rec(DaRINGIE T Ta M Tt RegfH3
branch term nat i on poi nts usi ng. t he DEPT Pul se

35 equencdVl gl Jowng! of Idsondlisgesmarceritians, 3251
gJournal of Magnetic Resonance 1982, 48, 323ff). 2)

Verify the absence of carbons initiating nultiple

Sor adic hesVérifydte absancecardaoine)s ngiatigg rhdtiplEorpothsss (quaternary

hagnet | CHBacT S 6T PuRessrce 1Sy -Vyghootery,

yvarious M@ﬁ@fbqumlcrman@@sgsg Hpexdg)c branch
positions and | engths using tabulated and cal cul at ed

8val ues (Li ndeman, Journal of Qualitative

gy Cfﬁﬁﬁﬁﬁ&w%@ﬁa@bﬁf#@%‘% aleEs 5 sne i prags

10Cheni cal poeitidiis a(nan@h @\srt@ir’@daba%téd andehltylatdd véll.@fs
1144rretw3é 4+rreth 9.6 Internal eth 8

11Pr opy| bdht Jaiwel pEQualtativg ApaatesrORemBtry 43,
gelati Ve-1éﬂemme%,bb%?&ae%ﬁ,%%939, shidher ent

car bo

13

14 Examples:

15

16 Branch NMR Chemical Shift (ppm)

17 2-methyl 22.5

18 3-methyl 19.10or 11.4

19 4-methyl 14.0

20 4+methyl 19.6

21 Internal ethyl 10.8

22 Propyl 14.4

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 intensity of its terminal methyl
28 carbon to the intensity of a single carbon (= total integral/number of
29 carbons per molecule in the mixture). For the unique case of the

30 2-methyl 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 calculation. If the 4-methyi
33 branch fraction is calculated and tabulated, its contribution to the

34 - 4+methyls must be subtracted to avoid double counting.
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positions by conmparing the integrated intensity of its
termnal nethyl carbon to the intensity of a single

W@ 200bomseE= total integral/nunber of carbons pePCT/US2005/024860
nol ecule in the mxture). For the unique case of the

2- hyl h,. where both th i-hal .
branbn’ nSeRy Pl P of Remdn B hBRE iR ®iad ffpon number
4 he i nt emgiythe d@srraingd dath Qfficivet Aefead Beingichhematerials by
frequencg, of branch occurrence calculation. If the .
3- et hy| dividiectherpalecyion weloht of dhe spmgleaby) 14 dihgl fafreela weight
4ts contéﬁ@H@i on to the 4+nmethyls nust be subtracted
to avoi d doubl e counting.5) Calculate the average
fcarbon nunber. The average carbon nunber may be

et G a1 SheUAeT A ATCRES AT BER e HENGIUTS P (irbranches
sanpl e bbéuﬁd(iﬁgﬁeg@.rw' a weight of CH2) . 6) The
s per

nunmber of branc nmol ecule is the sum of the
&ranches found in step 4 . 7) The nunber of alkyl

h 100 t ' | at f t
Runbbr ot PufiBRgSr BB rahEE: bS ERLFHPh Zagh S valtfipted from
jeear bon el mb e ReRRIRt SeréadlebeleRetehs Te do0/sl &ig@ndarbon
Fourier Transform NVR spectronmeter. Preferably, the

1imeasur en@inBear e performed using a spectroneter having
4R magnet of 7.0T or greater. In all cases, after
verification by Mass Spectronetry, UV or an NVMR survey

13 halicasorsaiénts can benserivemedalzienany FoarispBensdrmiNBRh
was limted to the saturated carbon regi on, about 0 to

1480 ?Rﬁﬁtﬁ%ﬂet¢wr€feé@?lﬁn@ﬁﬂ9ﬁ%$qrﬁﬁ_@ﬂs S RRTYMedofsing at o

175 PASyg PRSI o1 e (B Pl e tor

16M nvarification by iMadsoB pedtraneetsy, YV daba NVIResupveyt that aromatic

17  carbons were absent, the spectral width was limited to the saturated carbon
18  region, about 0 to 80 ppm vs. TMS (tetramethylsilane). Solutions of 15 to

19 25 wt% in chloroform-d1 were excited by 45° pulses followed by a 0.8 second
20 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 excitation pulse
22  and on during acquisition. Total experiment times ranged from 11 to

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

24 literature 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 quaternaries. The DEPT 45 sequence gives a signal all carbons bonded
29  to protons. DEPT 90 shows CH carbons only. DEPT 135 shows CH and CHj3
30 up and CH, 180° out of phase (down). APT is Attached Proton Test. It allows
31 all carbons to be seen, but if CH and CHj3 are up, then quaternaries and CH,

32 are down. The sequences are useful in that every branch methyl should have

-11 -



decoupl er was gated off during a 10 second del ay prior

to the excitation pulse and on during acquisition.
waoeacalo1sszperi nent tines ranged from 1l to 80 MPEUSHN5/024860

The DEPT and APT sequences were carried out according

1t de s% #érﬁ%%ﬁo%ggﬂ@?—@%{) tthggﬁetm/l% %é'g]c{é%rrl ?é{ﬁtﬂf édcié}rc'chemlcal shift

2DERInd shddes Batth ta@bi@m;béﬂhaﬂwrﬁetenbgs Bdéa.rTfZ@bramhmg
Transfer. DEPT does not show aternarlﬁ%w The DEPT 45

3seduenedicsiol €3ch ssmphravem de' HsesPE MR usingiBRs.

485%%3%91@@9%%‘@%@%%@8:? t1he eQﬁp s%%% % g@(@lsgﬁaﬁ‘é‘fﬁmo

BAt t@mh@mildﬁnsort/m rce shadd toral-pamﬁmaldr rxaa)htitamst whipd may have

cGr DPeanePaB AL N Ol SRS APt dBralM e e aeb BDgge content

Jor q'ﬂﬁ\? b@%@aéuréa Wl ﬁém@n%@f'éﬁmm&t@écoﬁft and

s are clearly identified by chem cal sh
8phase Both are described in the references cited. The

s AR BERTE iR ter Y Pk Bl ln Qe P Mo of

10k hathetdé@emttbrb% tearRl g avgéss sapiaf/ahbéMite cApiNa9eube NS
were not nade for n-p fins or naphthenes, which ma

y
Thavilaercbat fhedipesita scpllcism;oae forshmaise SPeAtromelggnd the probe was

t
12T B BE DR A6 HOR0 A A0 hep FRSH A frakls' N9
1%“?@?1:%%@@ @mdmg aﬂaﬂka)x)utpil()a@ Il:cm:; 'Iéhbanﬁlsis spevoioier used was a
a ou e ase o0l to t est N a
14,7 ilerormans THnd-oPEpah pes E%‘EﬁtTQ'B?ty‘?rt Sieryasag at
15t NeC iR 5&\11%&@?3%?% f F| 3 pBRt S PEI PR Rky oand

t he probe was ate out 500C to 6000C at 100C
1 aoe rpemtarﬁlﬂwocmiombmzens pesedramietie magsewasideljvaitedabouthe mass

1777 rRRSSTORIe{ e AB ST S SSPoRES P isdor Aheogpound
1852%2?%%9/9?@%&2&1&8 € beaso, Hed tharwéihhepeicaht R8s given directly
19 from area percent.

20

21  Since petroleum derived hydrocarbons and Fischer-Tropsch derived

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

24 boiling range of the pour point depressing base oil blending component. The
25  10% boiling point refers to 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 referring to the pour point depressing base oil 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 samples having a boiling range above 1000°F, the boiling range distributions

32 in this disclosure were measured using the standard analytical method
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pent af | our ochl or obenzene, used as | ock mass, was

delivered into the nass spectroneter via a thin
weapololmey t ube. Response factors for all conpPCIUS2005/024860

types were assuned to be 1.0, such that weight percent

: . iy ) e
e gD 2SR B RENBES ey Bl g Boltfikijah G Betow
Zhy dt @ EFbtesbalimprarge dismibutionseindhisvdissidongenpdreaukasured using

wei ghts havin w de hoi] | r .. this disclosure
Aot | P Samry aheRCh e A SV RRE st srmsbeie g
4range of the pour point depressing base oil bl ending
conmponent. The 10% boiling point refers to that

& enpedesigp@esizadipnch 10 wt % of t he hydrocar bons
8oresent in the pour point depressing base oil blending
conponent will vaporize at atnospheric pressure. Only

7t heH@sbaidrizaton @ iterdedusashprhRNtheeictd flbRDrbpertiBs of the
our poi nt depressing base oil bl ending conponent,

8gi nicigchar-Trepgehbase Pl bidhe selgctveoaddition of branchingciniathe

whi ili i Lrr I :
o EBE SRR EPRU0A ¥ sk SSEUBlod 21 Bur i
10a bdepressing dage oi terelidd 66MpPonémte Hydrdisdrgerizdatpe ideally will
distributions in this disclosure were neasured using .
Th headveurddiph CRRYERIaT g elfal HRRINGX P BoBYEAXYOiB0 Rasalfing while at

12 G ap e HmEahi AZRGRe TN BRI O bR, PRSI e
13di szindiiione faehy rosamerizdtios imipet presentdndartibrearal ganitrodiéd such
t ASTM D 2887 it I val.ent . o :
1473 d1E) CERB VST ARG PUREAPIYE 36R A08GF inpthe wax
15_"¥eeY ¢ EORipeahds bbmng BefReBbb @S WPFlid fhaintained betweep about
Fi scher-Tropsch base 0il by the selective addition o
16or aHtWi% @ndrtwiheprederedly ketween ddtwive and 45 wi%.

17Hydroisomerization is also used to prepare the pour
poi nt depressing base oil bl ending conponent.

18Hy dkedosding ftd #ed P@thﬂiﬁ&bhﬁ’o@HyHrcﬂﬁiﬁéN@tiﬁin% conducted using a
1 9\(,3\3 inqvl‘gxﬁaglts%?eclti(\e/\e/ (ientgrrggd ig’t]eepc\;\gxs i.;eo mr(])(l)enc_u\ll\z/?rxs%e\lles. o}-iy%?cr) iggInI err]iza’[ion
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 molecular sieves of
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 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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the same tinme mnimzing the conversion by cracking.
Preferably, the conditions for hydroi sonerization in

W0 b@opresgent i nvention are controll ed such thaPCT/H82005/024860
conversion of t he conpounds boiling above about 7000F

11 ShRIRK A ESE L Sogonponpdie, hal LLNg. Bl aNcBANts ARG Fores

@f elﬁ@d‘ i@@Bym@mberﬂés M@%Mbé@n%ﬁﬁaaé@&ﬁmhmm@@ﬁhmon of
£resent i nventjon, hydroisonerization is caonduct

ed
si g raolepelpe sisyp &é e Brasetinyeniien. d heoslassifigation "o intrazeolite
4”0' ?rﬁaLHn% s 54§48 0. 003 M%éﬁa% BY F@ugat 2yt $h vasfiik.

resent ‘ihventi on conprise ape sel ective
5 ntSmmacle ahé Teehreolegy eedrmlddnwFﬁ chm‘geeankj DoRollomead byd

60n0§t @a%qa&e' %T%;itﬁ@i rrrl%tﬁgjllfﬂ&iy Wh@%enat I $ tlggngmcorporated in

| nteEame 8i(3&e padRuMIGPRBIR)N Means an
7eff'ec§'|m§§ y%f%e?%’ge@rctére P?ﬁ tHe ?g)age of from about 3.9

8to about 7.1 A when the porous i norganic oxide is in
cined form The el ective inter

d oepfeeied Shand sPkeE il BREA] RS 178 mOBEIRE SledkS yogd for

CPr eﬁﬁﬂblsbmé?l&étl&ﬂaﬁi BagN@sH éMnﬁn@n%@pﬂlétesoéuch as SAPO-11,
12-r1ng nol ecul ar sieves. The preferred nol ecul ar

11si eSBECod 1 tansl $ARENE 1 0BARLE! ‘bﬁnd FARO S 11grermage preferred, with

12 2V eRED-) DB BPsidprebd Sits s e TR P R Ee g sBAEe
1({ T @él@m‘v)e iheinmedisty pare sixy WP@I Which Ihastdﬁeryé‘rdﬂme structure
ecul ar, sieve, the 10-ring (or |arger) _Ipores are

14parfa'f‘I”ln€IW'W"i' Fhat gf e BRE0- 13\@89'86”@6?'3}/% eopise@ration of SM-3
-1é\'°t§nq EQY)@ B é:grrap%'t?ﬂstfesja% He0gritR] Ry s2p g‘fér?c"r%s %@424

|n|t|ono the 1 nternedi ate
1651 zandfé]'lé&,ﬁ&ﬁr Adsceprefdroed shlmnejslﬂecmeenmmadm;e poresize
avi n membered ri.n al so he enco ssed

17 nemacE i e es arera RulTaisamer Zafian B poqnes, auchias £ Sv-22,

18 nVZQM 2. ZSW%EP'Z%%WS‘ o8h-9m, Qézlﬂﬂ bﬁ?&%' Ehie f‘e'?ﬁé\"’c%' 837-32
2-D 3-Dis set forth by R M Barrer

1QZeoehmd ZSM S’élawwrarmdefegeblnol ogy, edited by F.R

20Rodri gues, L.D. Roll man and

21 A preferred intermediate 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 about 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

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

30  maximum crystallographic 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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C. Naccache, NATO ASI Series, 1984 which
classification is incorporated in its entirety by

WO edoeoessee (see particularly page 75). Preferred/Shap#024860
sel ective internedi ate pore size nol ecul ar sieves used

o DR IR L 26 AR oL gy e

2SAPID( , byaTidl E3ARRcREr, &V évi ndeierparef BrH eCisoni ElseSidP(d. 10- '15,
bei n m)st preferred. SM3 is a particularly preferred
3sha"|?6%(3§é$ Wf%aﬁenqtr@*ﬁ@o@%@e@%g si ze SAPO, which has

4a crystalline structure falling within that of the

SAPOG-1 1 nol ecul ar sieves. The preparation of SM 3 and

5i t SA partiudaryheretartest intrinesliaie pode sizeirha@dcilar sle8e, which is useful

PttNo 943, 424 d., 5,158, 665.  Al.s f d

B nlpane BN bEPGosE & ety FEeagike gl e Pt

751 eNES 31885 652anByFir e 898BhEZRhteHls Bf @/h?c?}oérbtr%“reby‘i Hebrporated
as ZSM 22 "ZSM 23, ZSM 35 ZSM 48, ZSM 57, SSZ-3

8of fb)emafer@ncanmtheerrent@eﬁyt i USSPatentiNel &8&22@8%@%@%

ol DEITER gl pEE bR bR EF PN LG QBfuRL G2 of no more than

10CT yaticilt l0o® rragrbhe ahd @erek adtktemiimbint dienwhensfeliSeast about 4.8 A
selected crystallite size {corresg&ndl ng to sel ected

11chambwith @jgenmura dipneeipeet aPWdi- it y. Desirabl e
oCryst al | ographic free dianmeters of the channels of the
nol ecul ar sieves are in the range of fromabout 3.9 to

13aboTiie dathlyAt hbsguffigieat seiditysmticaty®: b gramgtlgot wheaeositioned in
di aneter of not rm e than

T4cr R 1URS TGP EPRVE Se%t '8?%‘11%? ér‘)?@?x%‘fcan@sn%rg@aﬁ 8 epsure of
15PT ef RIARL Y, é hgdr‘as@éh MR & MRS Rl RS AR fedd Bfe BF RTRIIST The

isS not no 1 A and the m ni mum
16cr y(ﬁtaly‘ab@sa pkhibit$ rm&]‘lzadmn eeldactviboof 4Q§’ésartg1taa|ten (isomerization

BB AL B TR TGP A BALABRR b Gy i
18%Lgp§b§bbt99(\ﬁé!bhppérb§ﬁt sHaRBREEC d B profludtes feldMPefedht /s in

19  product) when used under conditions leading to 96% conversion of normal
20  hexadecane (n-C1s) to other species.

21

22 Such a particularly preferred molecular sieve may further be characterized by
23  pores or channels having a 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 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 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 diameters of the channels of a molecular sieve are
31 unknown, the effective pore size of the molecular sieve can be measured

32  using standard adsorption techniques and hydrocarbonaceous compounds of
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crystal |l ographic free dianeters of the channel s of

nol ecul ar si eves arepublished in the "Atlas of Zeolite
woeaapwsek Types”, Fifth Revised Edition, 2001PCT/Dg§20051024860

Baerl ocher, WM Meier, and D.H d son, Elsevier, pp.

A0-dhRwn Hﬂhxﬁ%hmwe‘fﬁ% dé?ﬂétt%tr é(%%f‘é& %oft%ﬁ\%l%@&l%r Sfeves, 1074

particularly erre
2ol %pbauallysbémetenﬂ); Ahdersauaééh] J. |(hamlye|s|c68as1€1r2it(1979) and

% 108 Sl io5! 488 bgdaha rartbBH S p WHBiF aaeoTporated

dheredreid W%fﬁfén%be% ﬁ’é/rfdrﬁfnﬁ’é 88&&ptin Hk?ééur%ﬂbhfSQ:bydetéﬂnlne
U. S. Patent No. 82, 958, such an i nternedi ate pore

55| zRoTRizR; lﬂtmdafd é@@ﬂm@%@r%@daltlm cenwinientdd coosider a

A T T o S O et P S
7dl adapliletiriudh aabomtion valud othe walealls tsidisingedd inghetbout

acidity so that 0.5 grans thereof when positioned in a _
8t ubt0 Piages (Piperteb a 2 C).datermedinte Porre sizaeselreular sieves will

o AR BBl TR0 GRS L PG A e
1Oexh1'ubd&a$10'esoneri zation selectivity of 40% or greater

(i sonerization selectivity is determ ned as foll ows:
1100 x (wei ght percent branched G 6 in product) /

12( Wil G sg%gr%ho%a%f V&Vﬁmn inthi ﬁ%@ ifvefilo afHom yrise a

per cent i'n pro en use r con
13l eamtalgtlcaily%%/e(buydmmnahormfne’laalr rhe mewdmoa‘raacéta}yﬁcaﬂy active

o Bl 0B Broh P2 10 RERtist TEpE it ey Y a0 stabilty
5or Wmm%bﬁalmaéumgcﬁvé:ﬁyeﬁbgéhW@mtaqs fr;cﬁfdéibmﬁﬁg% in

t he rang of " fromabout™ 4.0 A to about
16prem@lryb eguinnnickel, vamaduiol cabat, tengsten Aindhdatinum, and

175 LR L0 Bl ATl 5o SEPRRBLY oPlemed, vt
18Ze qilaﬁrmrﬁrmm\a@pbc@mpev@ferréd fit blaﬁm(ﬂgs%ﬁjlf'&dpél?gnmm 2§Qéed the
19g) §@tﬁ| @fno%%lgg‘ ;&Tv%rrydrogenaholner{]eta?lg 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 wt%.

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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which is incorporated herein by reference. If the
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of the nol ecul ar sieve can be neasured using standard
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adsor Fm ne pore si
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6 ot 5. pielrebb eI BF P ebSatish Fel i 5 8heut ?»%ﬁ%f)amée
7on yﬂrgf’e Eglly%ﬁlﬁgg%"ﬂfﬁabéhﬂ?@@sF ‘(W@‘t@%o&%?"ﬂ’@}”a@@ pressures
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Ve rogena

13chr gauI., 1 tmﬁahdﬂnpmfemw(f&bm aban@di uio atalial tr-1. Hydrogen is
tungsten, zinc, plati nugcleand Il adium _The neta

14 SReRoR a0 th@@.w 'nséb%ﬁvgwq'ﬁprp@@ M”e‘HOCW;St pypically
158 ! 31[1 Qh’)’@rﬂ?éﬁ tc?ge%%c blf%npéﬁ&?trd 54 BbeQbﬁ’btﬂ YWRoB8EhE Standard

S us amount of
16hy deudge festt ipen baeth) prieseraplyifoah lapoun? tmabolatm*gbl\/kSCE)’bml

11,2 bR e 3 SRR B prdR R i hction
1S UPRHE. STRUbRECRIRISSEr PERTMTIRG BFd D dHRe $26¥RAdr8 described in
19  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 distillate 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 disclosure
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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whi ch are conventionally used for catal ysts, including
silica, alumna, silica-alum na, magnesia, titania and

wa@ orvbionsei ons t hereof. The conditions for PCT/US2005/024860
hydr oi sonmeri zation will be tailored to achieve a
Fi s —Lf ] f [ )
A e S e
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@hel d, and the desired properties of the |ubricant
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%yata@/ec%@q Peig, prgferphb aRpyer E%@ PaidurBed megmraissaRly will be

0B 1 8101 3 G Rt 00 QBT s

1Qor elbirchd tp ainmmd eﬁiﬂﬂﬁlfat]’gmsab@mtamQ@ESlﬁréJwE(adt @xa@enut% 000 psig
371 00): ressures rom out 15 to 3,000
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driogen par pressure Wth
131ydamLﬁc7|®Qf’lFi&I0 °61), withteroperafireh @i fom abowW(Bﬁdﬁ05°C) to about

14 e P03 oy BraigBhahe PSSR FaRl BFEnoe of from

1§pa§@out€d m‘d ét‘#o:ﬂlﬂ 0 NSrefYBbIRT.2 RS 1 I&ar&ﬁﬁﬁs@bk@fefdmmrom about
about O. 20 hr-1 , pre erabl%[fromabout 0.

16abodi’ g 1h0 Hydrogw iogially supplisckia thedydrefinighieg |r©aptor atarate

17 0 G RfhABEuh RO eRopETr00F Bis Bepb e g robe Shka the
18VBGhydebher idfedsardass ensltsoud 3<;®01) sCFa®ir beerel baifgerl. )
q[”Jrl;efera ly fromabout 1 to about 10 MSCF/ bbl. Hydrogen

y be separated fromthe product and recycled to the
od €a8litMie hydrofinishing catalysts typically contain a Group VIII 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,

26 silica-alumina-zirconia, and the like. Typical hydrofinishing catalysts are

27 disclosed in U.S. Patent Nos. 3,852,207; 4,157,294; and 4,673,487.

28

29 The Hydroisomerized Distillate Fischer-Tropsch Base Qil

30

31 The separation of Fischer-Tropsch products is generally conducted by either

32 atmospheric or vacuum distillation or by a combination of atmospheric and
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zone. Suitable conditions for performng

hydr oi sonmeri zation are described in U S. Patent Nos.
wG2@821828 and 5, 135,638, the contents of whi CPCHIS2005/024860

i ncorporated by reference in their entirety.
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to the process, but due to equipnent |limtations the
16t otTdle pydzeisamerized Uishi&atee‘ida@w-“t%ppa@w basegjohnged duthe gpvention

171 v RSB SE R NP oAb e e Y TR R o8 R e

B e o a00E L2050, 16 chout

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

21  preferably the aromatics will comprise less than about 0.3 wt%. Following the
22  hydrofinishing step, the base oil will also contain low olefins; 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 cSt, preferably at least 3 ¢St and more

27 preferably at least 4 cSt, with an upper limit of about 8 ¢St. 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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500F (260C) being preferred. The LHSV is usually
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woe@betskiy 0.2 to 1.5 and nost preferably froPCHDS2005/024860
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The separation of Fischer-Tropsch products is

1ﬂgener ally conducted by either atnospheric or vacuum

12di Stid ViakdsHy iRdeDyf @e%i@&hbﬁf@@&isgﬁﬁg?ﬁ%ﬁ{érqm sch base oil
andvacuum di'stillation.” Atnospheric distillation P3

13t y pril @referaidy e teguskivanragreatenéhan givakie atileulatedaiyethe equation:

14f ractions, such as naphtha and m ddle distillates,
froma bottons fraction having an initial boiling

15poi nt above abouty] 2089k LingkindRktic Vet Aori-c3 4095 to
about 400C). At higher tenperatures thérmal cracking

160f t he hydr ocarbons may take place |leading to fouling
of the L prent A S..of the heavier

17cuts. Vﬁﬁ%%wgi sti%lrl]?%érlgg% |s'§e)€)8ﬁ{éﬂ'|qe?/( used to

18separate the hi ghén rbpidsents thetrestiral logsuch as the
distillate base oil fraction used in the present

19 nvention. As used in this disclosur e, the term

20" diTHd ¢di@charlikiftf dibiatoPliscAlifdt!-584E of IR i dtoiBnfirized distillate
21  Fischer-Tropsch base oil 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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side stream product recovered either from an

at nospheric fractionation colum or froma vacuum
wa@lodomsas opposed to the "bottonms"” which reprBEEOER05/024860
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oils will have a m nimum ki nematic viscosity at 1000C
of at least 2.5 cSt, preferably at least 3 ¢St and

10morghepPelie PalhhiyDeprdseisd Base Ril BlendingnComponenim t  of

about 8 cSt. The Fi scher-Tropsch base oil wll have a

11pour poi nt bel ow 200C, preferably below - 12C, and a
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145 SRt B kP 2Rl BE KPR R BER &I Fptesar weioh
15NUTHIQY |st BODER w\aqs%@ prepRge 6Ol Fiﬁbﬁer—Tr_?ﬁsch derived
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17 o bl it Uetite ARUrERMG n B GRltcife Befibon abgut 5 and

180l ik ealkibhamatetsi pey ook Avings. fRonewvireiaydrbisoaferization

greater than about 15, preferably greater than about

1950.theppHr peiat deprgssingdiaspfildsiending component should have a pour

20
21
22
23
24
25
26
27
28
29
30
31
32

point between about -20°C and about 20°C, usually between about -10°C and
about 20°C. The molecular weight and degree of branching in the molecules

are particularly critical to the proper practice of the invention.

In the case of Fischer-Tropsch syncrude, the pour point depressing base oil
blending component is prepared from the waxy fraction that is normally a solid
at room temperature. The waxy fraction may be produced directly from the
Fischer-Tropsch syncrude or it may be prepared from the oligomerization of
lower boiling Fischer-Tropsch derived olefins. Regardless of the source of the
Fischer-Tropsch wax, it must contain hydrocarbons boiling above about 950°F
in order to produce the bottoms used in preparing the pour point depressing
base oil blending component. In order to improve the pour point and VI, the

wax is hydroisomerized to introduce favorable branching into the molecules.
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functionality and the ratio of nonocycl oparaffinic
functionality to nmulticycloparaffinic functionality

w@e@soms2i n the base oil may be controll ed by rer/Es200$/§24860
selecting the operating conditions of the
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(kinematic viscosity at 1000C) 2-8 \Werein:
11vI StorgBtyse epiids é@fﬂEW&bllndh@ﬁéfnﬁinﬁg isip el @mly\a. Rigl Hpilipg base

t - . The Pour Point Depressing Base G| Bl ending
1%0%@?%%0 he pour point depressing base oil blending

1xonponent is usually prepared fromthe high boiling
bottons fraction remaining in the vacuumtowey after
14di sthhe powgp%md%%swag&asw lalenging sampenent wilthaygs pour point

Vi LB SCTI PR IE  Binr PR D e
Flscher-Tropsch dlstlllate base onl It has been found that when the

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 blending 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  be as high as might otherwise be expected, and the hydroisomerization

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

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 alkyl 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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hydr oi soneri zed to achi eve an average degree of

whe@aokhisay i n t he nol ecul e bet ween about 5 andpPEbU81009024860
al kyl - branches per 100 carbon atons. Fol | ow ng
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I 'ng conponent a pour poi nt be
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the "ol i goneri zation of |ower boiling Fischer-Tropsch
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oo 1418 Ly 2o aish oSBT EATERLE oY HHALERRE botoms

10botrhat®$|aU3r@dJsu’allppe@ferredg:vhémpr@pann@menpo@lremﬁséemssmg base
base oil bl endi ng ﬁponent In order to inprove the

TTpouil Pending &ﬁmp@nent @%9h¢rsctﬁmrsuaé%m$ mad\@ntage of
12i nggreaa&ﬁ%%wgﬁ%%}.ad% Bls'ﬂﬁ?ath g @%réeﬁ ﬁg.ul es. The

rolrsoneriz - q usua sent t0 a vacuum
13col um where the various distillate base oil cuts are

140, 11t s 568 tibor Piind PR B oS OFaKiOdRe Ml bemguges bottoms
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base oil. The bottons materi al | ected fromt
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hydrocarb used, t o, prepare .t he pour
17 G R Gt ARaE Y B A BRERE 1o, i toms has been
18hy dooh¢ &8s plagimprovaichdurainteeptésihg plodeeeyprovided the
fraction may undergo various other operations, such

19as bregehies arrestiemipmao vadia Hg limijaie ﬁweeaverﬁ@n dhe oily product
20" JE5\dIL S B0t e v lf:‘rev\%?(‘rlgyI orﬂje‘?g{l(?r? Whﬂg displaying some pour

21 point depressing properties is less effective than the waxy product.

22

23  Inthe case of being petroleum-derived, the basic method of preparation is
24  essentially the same as already described above. Particularly 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 oil which is named for the SUS viscosity
29 at 210°F. Typically petroleum derived bright stock will have a viscosity above
30 180 ¢St at 40°C, preferably above 250 cSt at 40°C, and more preferably

31  ranging from 500 to 1,100 cSt at 40°C. Bright stock derived from Dagqing

32  crude has been found to be especially suitable for use as the pour point
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base oil bl ending conponent of the present invention

is not an additive in the normal use of this term
wowaokiomsehe art, since it is really only a hi ghCUB10051024860
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7about 700 and about 1,000. The kinematic viscosity at
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boiling range of the bottons typically wll
1D et NopeatEso sucagagmiisiatigad.cant-wesoard e@érﬁmeapteﬁsu re 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 to 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 isto 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 Lubrizol 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
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po j i i 1. b [ C ]|
1o Hesb P T PRl BT BbndEh fa s M ARG - CRERBER RN =n
2t headditaet pakatjeon col unm which result in a higher
boiling bottons material are usually preferred when
preparing the pour point depressing base oil blending
o10) . i i | . .
e s S R MRS
5f r aminmroas .cohtpanast plesenbieeronfiroariiltdudiiivieypabbaest However,

61 crfSP BN, T e SO0EO0e  pani e Matfer A aufBinotive

7ef feS@hbl¥eafssids, ARG rdiitoRPhHENHEPERSSEdMh PRSRARIE emissions
bl endi ng conponent may be enhanced. The waxy product

8s e pé zincdataine nviyosalansrn agetion Rhoph@ust dleo soranpengrdof

9or ap 1 BesPableRs M T hRE s BObP el EM Eidiers that
10W tdre isbienl dars t6 reafuckdlution 8ois dusirabletodinhiy tHe pskdetlate
recovered after the solvent dewaxing operation while

11di Spetsnany 3@#@05&wm%dw&ngj@@@iagsas%g%m&@hgi@ anel
12! e%vﬁ’éﬁﬁ%ﬁd ?eé%:g'{%r bg@t \@?%%o Eﬁg&gﬁ%? k@a&h%ﬁn GASEniREhed the

being petroleum
13pr egmdinadaopropertiessétie hibrigatifeoitdneiexs ofithieestatytcoming of the

descri bed above, Particularly preferred fo reparin
14, (DO AnA P00 AMOSRNGSLS CopEtind aGpHues; FllpTisdtvedpeen Made to
150! BEiQDtHOARBORYS Zirk Bhd eﬁé?%?{o;?;&é( P%B@Whg%o%iﬁveg&ckages.

wax content. Bright stock co utes a bottons
16f r arefavablyhadditivenpadkagrshisghliy pregaringdheamoultigreaeszhgine oils of

Bright stock is.a high ViSGOSi base . qi ,ch is
17na g pfeos‘teng Hyegtgl WI.E%%? es§ E%nl%%[tqmwg%ﬁlrgp,.expressed as
18PetdGhenl ARtAIY THe REHEDE p?ab@é%e Wil dlsba¥&rembly 869Bir ss than
above 180 cSt at 40C, preferably above 250 cSt at 40C,

19an@bept .96 wi’% phpsyhorus, expressed as elemental metal.
20

21 The Multigrade Engine Oil

22

23 A commercial multigrade engine oil refers 1o an engine oil 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 either the

26  ILSAC GF-3 or GF-4 requirements, plus an API service category, such as SL
27  (for gasoline-powered vehicles) or Cl-4 (for diesel-powered vehicles). Europe
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 API 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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ranging from500 to 1,100 cSt at 400C. Bright stock
derived from Dagi ng crude has been found to be

wespeoiwkli y suitable for use as the pour PCT/US2005/024860
poi nt depr essi ng base oil bl endi ng conmponent of the

"iprgﬁﬂ%lsbrﬁ]ﬁéﬂn&j Qi %q:lgéﬁeghftrog%@:g%e Ol :tREen about 0.5 to

| Soner| zed and- e sdlven dewaxed.
2Br igplout 20aetko pf ’&wcm p@ﬁtﬁey)ré:asnsg)ibmbn diewalitigngprhpsnent, and

been found to ess effecti as a pour_poi n
3d ﬁ}%@@%@be%‘éwb%ﬁ %Wﬁ"{q@fé’%ﬁ%ﬁ\’(ﬂgﬁ% Paq*& rzﬂr@wnthe
4derd1l\,ﬂﬁ§rd%‘é%n¢?l‘?é Bl b%secﬁ%é‘ thvBag&h WII‘t ?&%tglﬁdéd?ﬁ’clent pour point

conponént prefera have a paraffin content

Sat depasssiagpbase 80 btvtmzhngmrepm@ﬁéo aedyceathel mastpoitd of the
w % .and nost east 50 wt T L

61 5 dyeRpomRneed R TR RSB Pl T by A Bredh
7COTRRMRIM, tid RiuliEhrage @h ne cﬁlhﬁéy only(aﬁéo @8fAkin Eﬁh%r
10% boi | Iar%s poi nt shou d be greater than about 10500

8( 56B0)Pakians ar addiiyes. rﬁorlewa@pl%éfse giultiorsde engER0T) may also
ob
o AR L BB RS R0ET 95 Cbo BTG B Mgh T sciecec

10b! &rhh BgleripAsnb mﬂ;@ﬂ;@ﬁ@ﬂéf}h Maéé oif, &l polyintdrnaldldfm base oil, or
range_of from about t o about al k | - branches per

1110@ RFiBEO az%phaxdaﬂri A0@ ppb(&iaa@lq&afm EEETY o&%&&%@\é@r usually
12ar eaddr{t)cﬁé?j EQUII Soiff &’é%r@@séﬂﬂg 'ahﬂié?%ls%?ﬁ)?IereQ\'fh%?overs are not
sSuc I gue,

esira roperties
13antnec®emry iamemexaticerseprppassiacsopding év thie fyventiobhe
finished lubricant. The additive package which is
14p) ended into the mul ti grade engine oil should be

159€3h gnGei r?g?tﬂ@ﬁlhlt? i @né oftlof te ﬁlvéﬁﬁ&r‘n fHéﬁrH'e? Wthh the

The speci f1cation are simlar tot
16GF\@rioas choyyhes- arertdend ackismot snpordantoFer dkdmpley Mllhenot is

17enated it SR TELE poi rPisisfia Fok PG Sormepnent

18CF-shoaRl M& bleseheweieiuce the pbaVSsifEof the MrdisdMReriZéBtistillate
is to say, not all multigrade engine oils which neet

19GF- E;s@m&rpp%@t bagssoil by atleast 2°C, it is not intended to 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 blended 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

30 meet the specifications for SAE viscosity grade OW-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 0W-20 have been
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will pass GF-4. A nunber of commercial suppliers are

avai | abl e which offer G--3 and G--4 additive packages
worotbloeosear ket . Two specific exanpl es of comePCI/ab1095/024860

avai l abl e G~ 3 additive packages are Lubrizol LZ20000

(T

1 g&ﬁ.xoizgg’é&%gre%?%)hgﬁ%%% 8?@% qqe Qﬁﬁ'?reoﬁﬁsrC| g yVefsolﬂat the

2avai\/1Ré’bT%—1a@fdhe|f®reaniamkragwt ba\@ preguli ef @G0,9D0WPSat -40°C with no

P No 6, 500, 786 d 8de
3 orfia teoneL kA B G B SNe e VT ke gasne.pkthpdnvention

4f Ormg béd@ﬂrﬁmmmﬁmg%wm1degulkw 6, bbb eRhempBRiGRS of
is an anti-wear additive which is a comon

(Z

5com36r(é@nd pBe¥enespactbehmiosnalatians mithven Btk dies result at -40°C
r S whi ch contributes to

par? Qofﬁasto\% ?'{‘? ai%f éﬁ%@\%e exhaust em ssions,

7and regulatory agenci es are seeking to reduce
em ssions of zinc into the nvironnment. In additio

8phdprseersio reeidng lbéﬁﬁoﬁérﬁ any Gfm@nﬁeqwgera%tﬁazkd@aclwolatlhty
o | Ml dgs ’ié‘% $EHFE 'b%,/ Tb%&ﬁ?étﬁbé!%s%r\?%%%é?gs
t hat af e Used on cars fo Feduce . It s
10desigcabkaryt Dukitoithe tdvevplatllﬂtywFaobenﬁmpmchandtenals used in the
pol Jution forped durin e u tox ol ogi ca
o dOBRBRRRA B Iy it SoAs ol o APt et Eanmabe
1omali lyagundi m ni shed the anti-wear propertles of the

Iubrlcatlng oil. I'n view of the shortcom ng of the
13known zi nc and phosphorus containing additives,

eff S hav been made ,to. reduce the nt. of .zi nc

and ShEEoREr eeprataiR Heihe Hhst #Ro tBaiueht Bample
15PT efigicRN Yot intdetlY RoRasdaaeepissht aNinMtRRA dMthd pe of the

mul tigrade engine oils of the present invention wll
16corib¥gmioness t han about 1.00 wt % zi nc, expressed as

el enental netal. The additive package will also

preferably contain [ ess than about 0.90 wt %

phosphorus, expressed as elenental netal. The

Mul ti grade Engine Q|
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A commercial nultigrade engine oil refers to an engi ne
oil that has viscosity/tenperature characteristics
wobdoslordsal | within the limts of two different PGEES2005/024860
nunbers in SAE J300 (see Table 1) and al so neets
,1either the ILSAC G=-3 or GF&gauErements, plus an
APl service category, such or gasol i ne- powered
2vehicles) or Cl-4 (for diesel-powered vehicles).
Europe has its own specification system  although they

) u
3do TW%@E#%?&F&OWW&W@%?S%% QIS IroRHRASeRaY of
th I : THER | PR 3 i
450%968%29%;%,8 qia{%%égﬁlgﬁp%{}g%#g%DAPl sHer Vi g?ég?@gg%ihg\gn n
Sabolatde 2n devel opi ng countries. A multigrade engine
oil within the scope of the present invention
6corrpri ses between about 15 and about 94.5 wt % of
7t hehydroi soneri zed distill at qghiggher-Tropsch base
oil, between about 0.5 to aboui 20 wt % of the pour
poi nt deighesEppigh bakgkstoi | bl endierRgsebnponent Co-Gagpd
bet weenTdtd) dlilfogén dra Sai@uppn30 W |%esetthahlie addi flessehan 25
pac kagEpx/EENET u¥n Abt&H Il GTo(Ee engl Ne Of § gt €Nds

of the Oiﬂ'(‘:foe}tgr{t,%m"if'?‘ i contai-nsyfferent—popggpoint
depr esslng ase oil {ending domohnent _to r

pour pol A Ngma Rarafigavgity Grer i|A8d5di sti | | at g53-72

Fi schefP $8%233RIFdwte)oiA by at| | east 2C. I n| additi on,
the nuffggrade engine oil may [getl onal Iy allfaocontain
ot her CEgTPOTENS O adui tTVES [ g5gT EXanpi e[ 4dge
nmul t i grpge—eng-hre—oH—ray—al-sacpntarr—frenmaheut—>5
W% to B00ut 70 wiokof a pol y /P zed ol efin ect ed
from atT30east one of a pol yal gi¥ddl efi n basel &4 , a
pol yi nt®onal ol efin base oil, qre4a m xture of 717

pol yal phgolefin and polyi nt erfag@l ef i n base| fgl S.
HO\éV/eVG T5Ouaua? ty _au'u'i t _unai pLLQQSpUi nt—dept oAt s
an orm%mdex—mppgx#eﬁs—ape—nep—neee%sapy—n—n—
f or mul @t%%ns prepared accordi rgmﬁ) this inveftion. 1n

bl endi h§F% he nmul ti grade engi nq 1881 of the in¥8nti on

the ordeso I n which the vari oug 1onponent s af®4bl ended

I S not[Fggoortant. For exanpt e, {pgen U 5 | gg5

T95 1107 1005
T99.5 1133 1090

Fal
J
I

10  Four different Fischer-Tropsch derived products were made by

11 hydroisomerizing the Fischer-Tropsch waxes from Table 2 over Pt/SAPO-11
12  on an alumina support. Two of the products were made from the iron-based
13  Fischer-Tropsch wax and two were made from the cobalt-based

14  Fischer-Tropsch wax. The full range broad boiling isomerized wax products
15  were subsequently separated by vacuum distillation. The properties of these
16  four fractions are summarized in Table 3. FT-4.4 and FT-4.5 were

17  hydroisomerized Fischer-Tropsch derived lubricant base oil distillate fractions
18 and FT-8.0 and FT-9.8 were bottoms fractions. Note that the FT-9.8 had the
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stated that sufficient pour point depressing base oil
bl endi ng conponent shoul d be present to reduce the
w@owes/opsent of the hydroi sonerized distillate PCT/US2005/024860

Fi scher-Tropsch base oil by at least 20C, it is not
t . i i - .
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&sds than 2

smet hod ASTM D 5800 1S necessary. Due to the oW
volatility of Fischer-Tropsch materials used in the
6f or¥aie dhatdnsOc¥ HIGB@ theveraperdias oRthecowgcanti deprgssiag base oil

7Of bJreona‘?ng

8

9
10
11
12
13
14
15

| ess
compone

P{t used to prepare blends of this invention. It has the

preferred amount of methyl branching, n-paraffin composition, CCS VIS,

10% boiling point, and pour point. FT-8 does not meet the properties of the

pour point reducing base oil blending component of this invention. It has a
10% boiling point well below 900°F.

Three different multigrade engine oil formulations were made using the

Fischer-Tropsch derived base oils described above. The components of each

of these engine oil formulations are shown in Table 4.
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achi eved. The present invention may be further
illustrated by the foll owi ng exanpl e which is not

WO ndoefotisdi however, to represent a |imtati on POT/UR®05/024860

1

scope of the invention. EXAMPLE Two Fi scher- Tropsch
waxes were nmade wth either |1fa%gased or cobalt-based
Fi scher-Tropsch catalyst. They the properties
shown in|Table 2: Tabl & 2 Four dlcfcffmaatwe Comparative
Fi scher - TEOHWEPENdatYoy ol Epginafeict o Boaine Gihade |Hpgine Oil 3
hydr oi some¥ 12T AE t he Fi S¥8r - Tr dp¥ERO waxes |fAN6A9 Tabl e
2 over Pt|///SAPD-1 1 on @A al um ng 3upport. Tws.3éf the
product s |W8r4e5 made fronvade i|ron-dbased Fisgher- Tr opsSch
wax and t[wg-gher € nmade bomtne qaagh - based 74 51

Fi scher - 'rFem%,n wax-—— g t—Tangebroad—He+ng

i soneri zed F\"Anv . odycts ‘}'I\ e ellkcnquent | y gepar ated b
vacuum dil ST Loty Thd onert|0es of thesé& four
fracti ons Gir¥Adifiviézi 268 i n Tabl|d085 FT-4.41888 FT-4. 5%
wer e hydn &ASSRAD zed F| 8cher- Tro@soh deri ved.3bubri cant
base oil |diogLl ['ate Trhacdogons andodde 8- U andoddo 9- 3
wer e bottons fractions. Note that—the FT-9:-8had
thel0% boiling point inits boiling range greater than

BQO@mmtlhaEnglrmerls Rainat3 bettekea eﬁbolvalkyllﬁ]@twwate (PAMA)

bout 3 Not that _FT-9. 8 t
43 Giour BPaCughraRRant sivIe EGNE Qi dddiotcNgRe of g examples

50l %6ﬁtd19ec?§6&ﬁ8ﬁél%é&%ﬁ¥ ?r?ﬂee?p@@%\?erb&%@g& \{vhgq may have been

invention. It has the pre anount o

Gbr presenid) incidsatalfmoeunds ipthei GF chad 0GR }daékagm%

8
9
10
11

12
13
14
15
16
17
18
19

boi ling point, and pour point. FT-8 does not neet the
properties of the pour point reducing base oil

bl eneivie:ceastae pediierfés bhihesk MY@BtdRine bil fid¥ARilgtions are
summarized in Table 5.
Table 5

Comparative | Comparative
Properties Engine Oil 1 | Engine 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, Wi% | 9.0 Not tested Not tested

Note the extremely low MRV TP-1 viscosity of Engine Oil 1. This result was
surprising considering the engine oil formulation was made using a high
viscosity bottoms product which would not be expected to have good low
temperature properties. The results are especially surprising considering that
no pour point depressant or viscosity index improver was added to the
formulation. These excellent low temperature properties are believed to be

related to (a) the high boiling point and particular branching properties of the
-30 -



10% boi l i ng point well bel ow 9000F. Three different

mul tigrade engine oil fornul ati ons were made using the
wo-e@elers2ir opsch derived base oils described aPCwES20051624860

conponents of each of these engine oil formnulations

ar Qi v :
e WP laRy Base WA G gEIRALANAY SR RF SirRo®
2p0i propdeies e stan hyd nefisdnes remgl FiscH@r TropsihdluboicaniNoase oif that were
t he ex | es contai ned .additjonal viscosity index

3 nﬂﬂ@@@%?”@?ﬁgﬁe?ﬂﬁﬂ WQEMHElCThave been present in

i ncidental anmpunts in the G- 3 additive packages. The
vi scometric properties of these three engine oi

fornmul ations are summarized in Table 5. Table 5 Note
the extrenely low MRV TP-1 viscosity of Engine G| 1.
This result was surprising considering the engine oi
formul ati on was made using a high viscosity bottons
product which would not be expected to have good | ow
tenperature properties. The results are especially
surprising considering that no pour point depressant

or viscosity index inprover was added to the
formul ati on. These excellent |ow tenperature
properties are believed to be related to (a) the high
boi ling point and particul ar branching properties of

t hepour point reducing base oil bl endi ng conponent,
and (b) the desirable properties of the

hydr oi sonmeri zed Fi scher-Tropsch | ubricant base oi

that were blended into the engine oil formulation. WHAT
IS CLAIMED IS: 1. Anultigrade engine oil neeting the
speci fications for SAE J300 revised June 2001

requi renents, said engine oil conprising: (a) between
about 15 to about 94.5 wt % of a hydroi soneri zed
distillate Fischer-Tropsch base oil characterized by
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(i) a kinematic viscosity between about 2.5 and about

8 cSt at 1000C, (ii) at |least about 3 wt% of the
wodoeowses havi ng cycl oparaffin functionality, PEmnus2005/024860

(iii) aratio of weight percent nolecules with

) rmg@gé_?l gpar a}H: Elé_uncti onality to wei ght percent of
| o ; icycloparaffin functionality

o greater than about 15; (b) between about 0.5 to about
20 wt % of a pour point depressing base oil blendin

3 cofiponeAtmpliigrasiecendine ail Aieaiypgribe sopsificatiansior tSé\%S’BOO

mat eri al__hav : 2l ino t.he
4 ol ecut B pe e B RER R S e R e
5per 100 carbon atonms and wherein not nore than 10 wt %
boi I s bel ow about 9000F; _and (c t n_ahout 5 to .
6 about 3wt vbeiwesn aRputtIPe 5}?&82(%53 ‘M\A@gioéﬁga'df‘asﬂ@ﬁ ized
t he specifi cati: : -'ﬁ@ﬁg\s ~ ' de
7engi ne oil ogfsgﬁ%éné%h\%ere ncﬁ:%e ea%h?@%gﬁgggﬁ%yg i's
gdesi gned to (ipakitdmeatipdsidsity dtehwesn sboull 2.SADJGHUt 8¢St at
The mul tigrade_engi.he oil qof claiml wherein th ,
9additive pacﬁﬁﬁéf%ahw?ﬁ%t ‘ﬁ@%@ 3 hog%dp()%%li?ﬁ%%mg
pZinc eXpress??clﬁ&at%ﬁﬁi’ﬁﬂb%ndﬁw,@ndﬂ( Bhatiewf Welgdrsrcent
clai

iii
engine oil o m 1 wherein the adgll tive package
11contai ns | essdi¢ratesvibmanayciapssaiio desionslityip vaighipercent

1287 a1 meet PhEcrs S u PRAElclrrAlf DB dreflor than
130r ade OW XX, op¥¥p96: or 10W XX engine oil, wherein XX

represents the integer 20, 30, or 40. 6 . The
14mul ti grade engine oil of claim5 neeting the

15SPec 11 Al opgy fQlh about 0.5 to about 20 wi% of a pour point depressing

16 base oil blending component prepared from an hydroisomerized
17 bottoms material having an average degree of branching in the
18 molecules between about 5 and about 9 alkyl-branches per

19 100 carbon atoms and wherein not more than 10 wt% boils

20 below about 900°F; and

21

22 (c) between about 5 to about 30 wt% of an additive package

23 designed to meet the specifications for ILSAC GF-3.

24

25 2. The multigrade engine oil of claim 1 wherein the additive package is
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.
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SAE viscosity grade OM20. 7 . The nultigrade engine

oil of claiml having a MRV TP- 1 result of |ess than
w@omseP at -300C. 8 . The nul tigrade engi nePCI/USN5/024860

claim7 having a MRV TP- 1 result of |ess than 60, 000

Pat -35C. 9. T [ti . [ ' f .aj
havtng o hrocierae plie oef CRuCPh BT ncpe i faBoce
2engi ne QohtAhs KMsaitiaPabavi 190 aviMRvhdddhotug espriebsad as elemental
| ess than 30,000 cP at -400C. 1 1 The nultigrade

3engi ne dNetabf claim 10 having a MRV TP- 1 result of

4I ess than 15,000 cP at -400C. 12 The nul ti grade engi ne
oil of claim1 having a Noack volatility val ue of

S5abdut 19%eomultigssde ddyitd il i claigrachectng timespidificdtions for

claim 12 having a Noack vaqlatility va f about 10% .
Gor | ess. Y= VipR S'W@aﬁ%%r@%\lf%%o@ﬁcﬁﬁ &|Ne oil, wherein
7Wher ei ”M?a&iﬁ@'ér%%?é‘”ﬁﬁé blispt p} h@t e Fi scher-Tropsch

. 99 .

base oil is characterized by at |east about 10 wt % of
8t he nol ecul es having cycloparaffin functionality. 15.

The, mul tigrade engine.oil.of claim1 erein .. .
Ohydtor s TEE e el SEe B mrelE T Bassifications dor
jochar act Az efchbyit) frade@weef wei ght percent of

nol ecul es wi th nonocycl oparaffin functionality to

11wei ght percent of nolecules with nmulticycloparaffin

2] BEU1 O 555 o PRl 4R resut ot

13hydr oi san® bR@BOOdIFsAE 130aCe base oil contains | ess than
about 0.3 wt% aromatics. 17. The nultigrade engine oil
140f claim 1 wherein the hydroisonerized distillate base

Sinl éfggi a'ﬁuﬁﬂgﬁédé@néiﬂe BN oRERHAL7 MAViISE &l IRV 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 9 having a MRV TP-1 result 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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by I ong duration carbon-1 3 NVR 18. The nultigrade
engine oil of claiml1 wherein the pour point

waleopsseng base oil bl endi ng conponent i s derP@EUSINDM4860
an isonerized Fischer-Tropsch derived bottons product

havi ng nmol ecul ar wei.ght .bet ween about. 600, and. about
12760, T TR FRgrEal SR Re! BRtR Tt By peEon ehzed
owher ei n di&i@laROFlscRE-TopdeR base o ds bagicrirlzebl {stiegst about
conmponent is an isonerized petroleum derived bottons

3product Kawi%h@fdre Bpdecudrs havieg aydepareiightunstionality.east

600. 20. The nultigrade engine oil of claiml1 wherein

t he pour point depressing base oil bl ending conponent
5hasimn avey muttigteds esginé diiraidinngwherdihéydisomébgsed distillate

bet ween about and about_ 8 al kyl - hranches per 100 .
6oar bon ABAE HopSChT RSl (& GIrAdoRFiA i 127 Elgroiaraigh percent

1 furth ATRY 9 tusch 9
7ot a pols A EEUEE Wt mbAT Ry HrtCtopaRl welShthefent of
8pol yal phaoleetilies Witsmutiiclclopamdiry fumctomallty béfraatdrathen about 50.
oil, or a mxture of polyal phaol efin and
9poI yinternal ol efin base oils. 22. The nultigrade

10engide offe ﬂhltf’g‘ré&@éﬂ?iﬁ@aﬁ@f@dﬂﬁ NRhardh thed RddiroR@Mierized
poi nt depressant addiiive or viscosity Index inprover.

1123. A prdigidlete base pil epatrinsdess thantalpuided v aremaitics.
12rreeting the specifications for SAE J300 revi sed June
2001 requirenents which conprises: (a)
13hydroi SOTRY intithigade WAYMe il F REIM T @RS Edin i8S Bydrolsonfer@d
I somerization zone in the presence of a o
14hydr oi schigilaieabagmoit seripipstolelins imaty ageHntiwbish is undetectable

pre-sel F L lebayikned to provide a
15hydroi smgﬁgégﬁ%!@c%g??gﬁgggc "base oil product;
16

17 18. The multigrade engine oil of claim 1 wherein the pour point depressing

18 base oil blending component is derived from an isomerized

19 Fischer-Tropsch derived bottoms product having a molecular weight
20 between 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 molecular 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 wt% of a polymerized olefin selected from at least
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(b) recovering fromthe isonerization zone a

hydr oi sonmeri zed Fi scher-Tropsch base oil product; (c)
waele@biok4seng t he hydroi soneri zed Fi scher- Tr opscPCESH05/024860

oi | product recovered fromthe isonerization zone

under distilJation condition re-sel. ed t ot

Ta" st 191 & EPeTRERaTREh e L & R RER kb 5 gr 2
2(i) a kKimgkbicE pyiyessiolafintgidweinédrasiolirbhaedoigbout

8 ¢St at 1000C, (ii) at |east about 3 wt% of the

3ol ecul es having cycl oparaffin functionality, and

(i i a i i r . i iy .
Yoty ol e S Ao BRI Bl ool o Mo dldiiong) pour point
5mol ecul efepreddnntatititioy of ojsaosityf indek imptavenal ity

greater than about 15; (d) blending the distillate

Fi scher-Tropsch base oil with (i) a pour point

de Ssi | [ el

ey o S B e e
8degr ee cfpeciicativmsyfor SAH 4306 revisacedunme2Otrequtvemerts which

and about 9 al kyl -branches per 100 carbon atons and

Swher ei n F8EPTHSSe than 10 wt % boi | s bel ow about 9000F
q0and (ii) an additive package designed to neet the

specifications for ILSAC G--3 in the ;?r oper .
1iproporti(ehs thydyeisometzingla Wexnbisceagl psehibagesiliingn

t he specificafi : Vi A _—

1224. The pr ocg%érﬂ%ﬁz%[\%él%ﬂﬁﬁﬁgpt%éﬁggﬁé%(ﬁ%g grbﬁaggatlon
igstep of hydr afatalysthindchyidregéry dndersprieesdl@stdd conditions determined
Fi scher-Tropsch base oqil, product %er ei n_aronptics . _
T4conprise no nMBRECYIGRA Wdégwwaie @Cﬁﬁﬁﬁ-ﬁ?@&ﬁéﬁsﬁ&' product;
Fi scher-Tropsch base oil and the amount of olefins are

undet ect abl e by | ong duration carbon-13 NVR

16

17 (b)  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 distillation

22 conditions pre-selected 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 cycloparaffin 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 point depressing base oil blending component prepared from an
32 hydroisomerized bottoms material having an average degree of
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25. The process of claim23 wherein the distillate
Fi scher-Tropsch base oil has a viscosity index equal

W eooe1ggeeat er than the viscosity i ndex cal cul BEBEUSIPY5/024860
the equation: M = 28 x Ln(kinematic viscosity at

1000C) + 95 Wh in:. V| [ ity i L}
Trepr e)sen.t st H@er}rﬁ?gltﬂh%'ﬁlth@ @ée gg%%ﬁﬁ%@gy%éﬁg%g%n
223 wherein t@%ll@l—ﬂél}ér%%epecr!‘i%h%rbaﬁ ARt ahasmedbih tasnore

a cold cranking sinmulator viscosity at -35C equal to
3or | ess thantranvi witedailsuiedeve abbyt 90 Feaputh(ii) en:addiige

VI S(-35C) = 38 x (ki nenmt i [ it t .
4\Wher ei n: Ccspwlsa(g%%lgrl*leéc%)foeriwgﬁf@%Csoﬁé&ﬁgpﬁgﬁgﬁ%r?fLSAC GF-3in
si mul at or Vi §¢08icb¥r piopostiins26. yidiie puiicesde ehgiabailnmeetin
526 wherein the %Ii ?t_ i1late Fi sch%ar-Tr opsch basegoi | has °

6a col d crankiheyspaaifinadions fan SR sBP) rayiseddanadqal.- t o
7 0r | ess than a val ue cal cul ated by the equation: CCS
VI S(-35C) = 38 x (kinematic viscosity at 100C)Z 8
g\Wherei nTheGPodtss(ofddin 28 irchskind thecadidltiona skemgf hydrofinishing

simul ator viscosity at -35C. _28. ';hhe %o_gess OL gl ai.m
923 wher &hydieigepiaTizedimechedprerss BrsmeitPrduchMBRER IR g
10 Conpone%orﬂgﬁ?sa%@t)lﬁné‘é;ééhdi@'tﬁ% 0% with df %?éh%(?r%%on?r&ized

The process o wherei n the pour pol

11 depr essiFigheadeopsich baserddi any thengrooenitof fedefinsnarewsdegectable by
degree of branching in | ecul es between about 6

12and aboER”QBd‘éﬂa 9rl‘-cgfb9rﬁ’é{1€§'\ﬁr 100 carbon atons. 30.

13The process of claim 23 wherein sufficient pour point

depr essi ng base o '
14 25.  The process of claim 23 wherein the distillate Fischer-Tropsch base ol

15 has a viscosity index equal o or greater than the viscosity index

16 calculated by the equation:

17

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

19

20 Wherein: VI represents viscosity index

21 Ln represents the natural log.

22

23 26. The process of claim 23 wherein the distillate Fischer-Tropsch base oil
24 has a cold cranking simulator viscosity at -35°C equal to or less than a
25 value calculated by 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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oi | bl ending conponent is blended into the nultigrade

engine oil to |lower the pour point of the distillate
wo-e@olers2ir opsch base oil by at |east 2C. 3 1.Pdes2005/024860

process of claim23 wherein the additive package is

designed to neet the specifications for |ILSAC G=-4. )
‘132.2?qme Hieopwsssy et elpin s ygeialsy iBpdistiiiatairiseher-Afapsch base oil

Fi scher - [ I § tdxo "

2point dg%%ggé?@éﬁﬁzggﬁgPTM%FQHﬁ?%g@%é%é%%gﬁﬁugﬁgfOikmsthana
3addi ti vevghse kalgelatad bhthepeaquadionpr oportions to yield a
4nultigrade engine oil having a MRV TP-1 result of Iess

t han 60,000 cP at -30C. 33. The process of claim 32
swherein the digts MiaLes¥)seben (Kidpstf Rakit)id: 108°C)>

bl ended with the pour point depressing base 0i

Bbl endi ng conponent and additive package in the proper

ThRv e PR, Y oo TS S LA b YRl i ror
8The process of cl aigrosdidy whegmeCn the distillate

Fi scher-Tropsch base oil is blended with the pour _
Ioi4ft delfrecrrecass sbdaing 2P vhesaii thg PeoRpemé fepeassing base oil

additiv ' i ' a
1070 t1 o DG REr Y 2Be PR BE el BT o
11t han 60,000 cP at -40 C. 35. The process of claim 34

wher ei n _t he distil%ate Fés%per;TEopsch base oil is )
12p) erfied W OCRES BlotlRMb P Nhedgiprtas Hong PR geprgssing base oil
13bl endi ng, GHTRY BEH ogéﬁ‘t rRstdh bV@rg@@%‘%@&e bf‘bfé?ﬁhﬁ{qﬁﬂ%e

proportions to yield a nultigradé& engi ne ol avi'ng a
14MRV TP- Iolesuies befwéarsgbotidhand abont & Blkat-bras@bEs p@6.100 carbon
15The process of claim 35 wherein the distillate

Fi scher -2f"¥fsch base oil is blended with the pour
1gpoi nt depressi ng base oil bl endi ng conponent and

addi tive package in the proper proportions to yield a
17mul30. gr dde ryﬁgemofoc;lamhag whgrainngificient paus paint depressing base

18 han 15’09%Qeﬁcfi>n8tcor'n%8%ent is blended into the multigrade engine oil 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 yield 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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and additive package in the proper proportions to yield a multigrade
engine oil having a MRV TP-1 result of less than 60,000 cP at -35°C.

The process of claim 33 wherein the distillate Fischer-Tropsch base oil
is blended with the pour point depressing base oil blending component
and additive package in the proper proportions to yield a multigrade
engine oil having a MRV TP-1 result of less than 60,000 cP at -40°C.

The process of claim 34 wherein the distillate Fischer-Tropsch base oil
is blended with the pour point depressing base oil blending component
and additive package in the proper proportions to yield a multigrade
engine oil having a MRV TP-1 result of less than 30,000 cP at -40°C.

The process of claim 35 wherein the distillate Fischer-Tropsch base oil
is blended with the pour point depressing base oil blending component
and additive package in the proper proportions to yield a multigrade
engine oil having a MRV TP-1 result of less than 15,000 cP at -40°C.
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