PROCESS FOR IMPROVING THE LUBRICATING PROPERTIES OF
BASE OILS USING ISOMERIZED PETROLEUM PRODUCT 5 FIELD
OF THE INVENTION This invention is directed to a process for towering
the pour point and raising the VI of an isomerized distillate base oil by
blending it with a pour point depressing base oil blending component
prepared from an isomerizeskKpeisoteumden@dnemduct. The invention
is also directed to novel base oil blends. BAC%I}Q_L#&%%)B]
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for lulkjeating base oils and finished lubricants. Increasingly, the
specifications for finished lubricants are calling for products with excellent
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properties of the finished lubricant. in general, a few [ubricating base oils are
20 used to manufacture a wide variety of finished lubricants by varying the
mixtures of individual lubricating base oils and individual additives.

Numerous governing organizations, including Original Equipment
Manufacturers (OEM'’s), the American Petroleum institute (AP}, Association

75  des Consructeurs d’ Automobiles (ACEA), the American Soclety of Testing
and Materials (ASTM), and the Society of Automotive Engineers (SAE),
among others, define the specifications for fubricating base oils and finishad
lubricants. Increasingly, the specifications for finished lubricanis are calling for
products with excellent low temperature properties, high oxidation stability,

30 and low volatility. Currently, only a small fraction of the base oils
manufactured today are able to meet these demanding specifications.



and a VI (viscosity index) that is usually about 90 or greater, preferably
about 5 100 or greater. In general, lubricating base oils should have a
Noack volatility no greater than current conventional Group | or Group It
light neutral oils. Group 11 base oils are defined as having a sulfur
content of equal to or less than 300 ppm, saturates equal to 90 percent or

greater, and a VI between 80 and 120. A Group Il base gil havi %%/} ;
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often negessary to lower the pour point of the base oil by the addition of

an additive. Conventional additives which have been used to lower the

pour point of base oils are referred to as pour point depressants -2 _
(PPDs) anddynieatysareapolyroesshoitiprodndaminygifoeatisoe ereiagitsagrior to

the addition of additives. That is, the term “base oil” generally refers to a
20  petroleum or syncrude fraction recovered from the fractionation aperation.
“Additives” are chemicals which are added to improve certain properties in the
finished lubricant so that it meets relevant specifications. Conventional pour
point additives are expensive and add to the cost of the finished lubricant.
Some additives also present solubility problems and require their use along
25  with a solvent. Consequently, it is desirable to use the minimum amount of an

additive necessary to produce an on-specification lubricant.

Pour point which is an important property of base oiis intended for blending
into finished lubricants is the lowest temperature at which movement of the
30 base oll is observed. In order fo meet the relevant pour point specification for
a finished lubricant, it is often necessary to lower the pour point of the base oil
by the addition of an additive. Conventionai additives which have been used
to lower the pour point of base oils are referred to as pour point depressants
2.



interact with the paraffins in the base oil by inhibiting the formation of large
' wax crystal lattices. Examples of pour point depressants known to the art
include ethylene-vinyl-acetate copolymers, vinyl-acetate olefin
copolymers, 5 alkyl-esters of styrene-maleic-anhydride copolymers,
alkyl-esters of unsaturated-carboxylic acids, polyalkylacrylates,
polyalklymethacrylates, alkyl phenols, and alpha-olefin copolymers. Many
of the kiRine pmout tppicelylepsreskanessarihspheran BB eRe tepRpdrifrEat
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20  petroleum fraction which has been isomerized. Therefore, it does not lend

itself to problems which have been associated with the use of conventional

additives.

The pour point depressing base oil blending component used in the present
25  invention is generally prepared from a waxy petroleum bottoms fraction,
preferably from a waxy bright stock, such as, for example, bright stock derived
from a high paraffinic crude. Bright stock constitutes a bottoms fraction which
has been highly refined and dewaxed. Bright stock is a high viscosity base oil
which is named for the SUS viscosity at 210 degrees F. Typically petroleum
30 derived bright stock will have a viscosity above 180 cSt at 40 degrees C,
preferably above 250 ¢St at 40 degrees C, and more preferably ranging from
500 to 1100 cSt at 40 degrees C. Bright stock derived from Daging crude has
heen found to be satisfactory for carrying out the present invention.
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been found to be satisfactory for carrying out the present invention. 3 As
used in this disclosure the word "comprises” or "comprising" is intended as
an open-ended transition meaning the inclusion of the named elements,

but not necessarily excluding other unnamed elements. The phrase
"consists essentially of' or "consisting essentially of' is intended to mean

the exclusion 5 of other elements of any essential significance to.the
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blending component is an isomerized petroleum derived base oil containing

20 matena! having a boifing range above about 1050 degrees F (about
hes degrees C). Preferably the pour point depressmg base oil blending
component will contain at least 40 weight percent of material boiling above
1050 degrees F (about 565 degrees C) , more preferably it will contain at least
60 weight percent of material boiling above 1050 degrees F, and most

256  preferably will contain at least 80 weight percent boliling above
1050 degrees F. Especially preferred is a pour point depressing base oil
blending component in which 80 weight percent or more of the hydrocarbons
present boil above about 1150 degrees F (about 620 degrees C). The
average molecular weight of the pour point depressing base oil blending

30  component usually will be at least 600 and preferably will be at least 700, and

more preferably at least 800.



more preferably at least 800. -4 The pour point depressing base oil
blending component is generally prepared from the bottoms fraction of a
waxy petroleum crude, such as, for example, Daging crude. Particularly
preferred for preparing the pour point depressing base oil blending
component is bright stock containing a high wax content. 5 The pour point
depressing base oil blending component may also be prepared fr

m
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pour posafAsP8ulveaticteieg sy baiseneivtiientierdto enhance the pour point
+ depressing properties of the isomerized hydrocarbons of the inventicn. In
20  general, the waxy fraction recovered from the solvent dewaxing operation will

be more effective in lowering pour point than the oily fraction.

As used in this disclosure the term "alkyl branch” refers to a monovalent
radical Eaving the general formula CpHaqs1. Typically "n” in the alkyl branches
25  present in the molecules of the pour point depressing base oil blending
component of the invention will be the integer 1, 2, or 3, i.e., the alkyl will be
methyi, ethyl, or propyl, although the invention is not intended to preciude the

presence of some larger branches.

a0 |n addition to lowering pour point, the pour point depressing base oit blending
component also has been found to raise the viscosity index (V1) of the
lubricating base oil blend. Typicalty, the iubricating base oil blend will have a
VI at least 3 numbers higher than the distillate base oil component. Preferably
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component also has been found to raise the viscosity index (VI) of the
lubricating base oil blend. Typically, the lubricating base oil blend will have
a VI at least 3 numbers higher than the distillate base oil component.
Preferably -5 the lubricating base oil blend will have a VI of 110 or higher.
The method of the invention makes it possible to upgrade Group Il base
oils to Group Il plus base oils or to upgrade Grouépgll plus basg oils tg
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20  Particularly surprising, it has been found that the degree of change for the

| values of both pour point and V1 of the lubricaiing base ofl blends could not
have been predicted by only observing the properties of the individual
components. In each case a premium was observed, That is 1o say, the pour
point of the blend containing the isomerized distillate base oil and the pour

25  point depressing base oil blending component is not merely a proportional
averaging of the two pour points, but the value obtained is significantly lower
than would be expected. For example, the pour point will always be lower
than the value for either of the two individual components. This is true even
when the pour point depressing blending component comprises 3.5 weight

30 percent or less of the lubricating base oil blend. The same is also true for Vi.
The VI of the mixture is not the proportional average of the VI's for the two
components but is generally higher than would be expected, and in many
cases, the VI of the base oil blend will exceed the Vi of either component.

-6-



when the pour point depressing blending component comprises 3.5 weight
30 percent or less of the lubricating base oil blend. The same is also true
for VI. The VI of the mixture is not the proportional average of the VI's for
the two components but is generally higher than would be expected, and
in many cases, the VI of the base oil blend will exceed the VI of either
component. -6 Preferably, in the base oil blend, the pour point depressin
base oOitrbferatiingindbenpasreesit Wﬁﬂdoﬁ*ﬁ)ﬁ@éfﬁ@iﬁﬁ&%)fﬁéﬁ%?ﬁft@l@’\;&@@ﬂgg
percent af the hase il hised mRisomeiarably T Beighhppseantiof esase o
and most preferably 3.5 vz@if;ht P?{Bcent ortlg§§é5§i%%% il'gﬂi s‘t’ﬁi’@%}’ably
desiral5ieitd MaTRRIATEE W A8'HBEF Boint As possible for the base oil
blend, D8lyéhshpisicanhoeirsuRircbtiés powripciettipdediaiiadsipy 2
blendin sﬂ}ﬁgm&% %}Qﬁfﬁt SBRHO FRESLINSieROWHARPIREARERM amount of the
edto
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about 950 degrees C and a low boiling fraction having a boiling range

below &B8ut 950 degrees C, wherein when the high boiling fraction is

distilled out the low boiling fraction has a higher pour point than the entire

lubricating base il blend, Gensrliiede tighbsilshizasieriileisiaiing a

contain at Igast weight percent of 20 paraffins. In addition -
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the base oil blend is | _ , Sk _
Sheoulaclisgéggl%c% i I%én%rp]q%q” gé‘%%ﬁj;%ﬁ_glz DE%@%%%'%@%IC@)&%S C,

egrees Cor less. 25 DETAILED D - .
INVEN @R Rovesdin Risbraoiling &36tip ds Aiiles s @é?ﬂ\ﬂﬂe%%ﬁé’“

isomeriggd 4 higher pour point than the entire lubricating base oil blend. Generally,
the high boiling fraction will usually contain at least 30 weight percent of
20  paraffins. In addition, the kinematic viscosity of the blend at 100 degrees C
will be between about 3 cSt and about 8 cSt, preferably between about 4 ¢St
and about 7 ¢St. If the base oil blend is intended for use as an engine oit the

cloud point should be 0 degrees C or less.

25 DETAILED DESCRIPTION OF THE INVENTION

Pour point refers to the temperature at which a sample of the isomerized
distillate base oil or the pour point depressing base ol biending component
will begin to flow under carefully controlied conditions. In this disclosure,

30 where pour point is given, unless stated otherwise, it has been determined by
standard analytical method ASTM D -5950 or iis equivalent. Cloud pointis &
measurement complementary o the pour point, and is expressed as a
temperature at which a sample begins to develop a haze under carefully
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distillate base oil or the pour point depressing base oil blending
component will begin to flow under carefully controlled conditions. In this
disclosure, 30 where pour point is given, unless stated otherwise, it has
been determined by standard analytical method ASTM D -5950 or its
equivalent. Cloud point is a measurement complementary to the pour

point, and is expressed as a temperature at which a sample begins to
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oil blenidirgtioonmpuaenaoiighbieseaierAb IR HRS daANINAY by 0302
aqalyzing a sample of oil using carbon-13 NMR according to the following

seven-step process. References cited in the descripti the,
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sequen%iuag’gd%%qﬁrb{'??ﬁg?é%%%?%&@g@genda%l \%%Jérégl;ﬁg i

0
MagnefefReensiarted Sepesisssorie) SRR RESAACSER isé%g}\es
inifiating multipledararsiags {quateraarpedarbeds)nisiny e mpeiggals from

sequence éPatt S.L.; J.N. Shoolery, Journal of Magnetic Resonance

1982, 4B "BYSHHICSH

1) Identify the CH branch centers and the CHa branch termination points
using the DEPT Pulse sequence (Doddrell, D.T.; D.T. Pegg;
20 M.R. Bendall, Journal of Magnetic Resonance 1982, 48, 323ff.).

2) Verify the absence of carbons initiating multiple branches (quaternary
carbons) using the APT pulse sequence (Patt, S.L.; J.N. Shoolery,
Journal of Magnetic Resonance 1982, 46, 535ff.).

25

3) Assign the various branch carbon resonances to specific branch
positions and lengths using tabulated and calculated values
(Lindeman, L.P., Journal of Qualitative Analytical Chemistry 43, 1971
1245ff; Netzel, D.A., et.al., Fuel, 60, 1981, 3071). ‘



3) Assign the various branch carbon resonances to specific branch
positions and lengths using tabulated and calculated values (Lindeman,
L.P., Journal of Qualitative Analytical Chemistry 43, 1971 1245ff; Netzel,
D.A., et.al, Fuel, 60, 1981, 307ff). 8 Examples: Branch NMR Chemical
Shift (ppm) 2-methyl 22.5 3-methyl 19.1 or 11.4 5 4-methyl 14.0
4+methyl 19.6 Internal ethyl 10.8 Propyl 14.4 Adjacent methyls 16.7 10
4) Quantify teg4giptdée frequency of branch occurrence at different carbon

positions by %?a[rl&aring the integrateg otansityiof itspenminal methyl
carbon to the;inighsity of a single garbon (= total integral/number of 15
carbons per M @wle in the mixtune)r Forthe unique case of the 2-methyl
branch, wherg heifithe terminad4nd the branch methyl occur at the same
resonance pasitigtythe intensity®xas divided by two before doing the
frequency of lpranshabgurrence @dlculation. If the 4-methyl branch
fraction is caleulpyed and tabulatéd, its contribution to the 20 4+methyls
must be subtﬁa&@@@%@ﬁﬁ?&ﬁdodﬁlg counting. 5) Calculate the average
cdibon number. The average carbon number may be determined with

sufficient accuracy. for lubricant mater; ivigli egmeeighih
of the s‘b)mpleQbS?T‘ V(Iﬁ‘é‘ r%l?r%ﬁarsv%%_ﬁ%y %%éé;&%g %J??Feiff]ﬁ?numberi of vl o
branches pergositecs|byisehwating Srafidasaieh Liersingifsgpyps methy

carbon to the intensity of a single carbon (= total integral/number of

15 carbons per molecule in the mixture). For the unique case of the
2-methyl branch, where both the terminal and the branch methyt occur
at the same resonance position, the intensity was divided by two before
doing the frequency of branch occurrence qaicuiation. if the 4-methyl
branch fraction is calculated and tabulated, its contribution to the

20 4+methyls must be subtracted to avoid double counting.

5) Calculate the average carbon number. The average carbon number
may be determined with sufficient accuracy for lubricant materials by

dividing the molecular weight of the sample by 14 (the formula weight |
25 of CHg).

6) The number of branches per molecule is the sum of the branches

found in step 4.

3 1) The number of alkyl branches per 100 carbon atoms is calcutated from
she number of branches per molecule {step ) times 100/average

carbon number.

Measurements can be performed using any Fourier Transform NMR
35  spectrometer. Preferably, the measurements are performed using a

spectrometer having a magnet of 7.0T or greater. In all cases, after
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30 7) The number of alkyl branches per 100 carbon atoms is calculated
from the number of branches per molecule (step 6) times 100/average
carbon number. Measurements can be performed using any Fourier
Transform NMR 35 spectrometer. Preferably, the measurements are
performed using a spectrometer having a magnet of 7.0T or greater. In
all cases, after -9 verification by Mass Spectrometry, UV or an NMR

survey thakasematicneabopsavene:apseiothe speRtsalveigthavasfimited

to the saturated carbon region, a - .
CeramERRHE SIS AL bt e m%ﬁm%ﬁéﬁfﬁnﬁ?m

IoNs 0
were exeigh bybdst Getfrees sl SRRmelisians B SekdrsRiquisition

time. In grdero minigyizeRenN BHRIBToMiensikda:iibe pra®degrees pulses
decoupler was gated off during a 10 second delay ,prior t citafi

pulse aﬁa'%e&%%%%&8@{?89@98{%{%%&%5”&@% |%e(s) r?%ﬁ%%g ﬁéﬁﬂﬂ form
11-80 minetieisy Thte, BrERTFoimmddePIlsel escEsiaané daifigd dgsecond delay
according I (Graye e oens v h allngr sexiatians fesrdlsskindheines
10 Varian or Bruker operating manuals. DEPT is Distortionless

Enhancéafgstl ByPa R0 aM6H FFahBRP EPTUOES REEUSRGHS Were carmed out
quaternggigsdibaediErdiutb sestpticesgiitbsrarsigaliaiamrbessrberdethe

to protops. DEPT 90 shows only. DEPT 135 shows CH and
CI—? 15%)“%3" 198y ﬁéaé‘%r@ei‘%% ‘phase (down). APT is Attached

Proton Test. It allows all carbons to be seen, but if CH and CH3 are up,
then quEFaliasisAIGhER Eendavemdriie pealienaas aleausiziulli Hiatoes not

every branch methyl sho rrespondi . t

are cIea?ﬂpiﬂ&‘fﬁfﬁéa%&?Scwg%hﬁéﬁsﬁ%%%%ﬂg%ggg%% %%éggc&r%&%xﬁb onded
the refetentcemoitadETHE26Homas Eltirtpipaisepibs BEBACHahpns yErand Chs
detgiminged By %F%%Mggk'é&%m%fﬁﬁﬁb@tﬂ@wmmm ealeuaianeitiah Test. It

the entire sample was iso-paraffinic, Carrectio ere not made for, .
n-paraffiféosp 4 SATREARL %ﬁ?‘?ﬂ’l&ytﬁ?aé% %Ege?%gg%ﬁfj iR ifternartes
samplesdvaryi ag: anenThe enapitharassebhiorbatrespbedrasak urethyl
using Fi% dolz?c? Raa}}éog Mﬁ&p%%ﬁ;}té%ﬁpﬂ){cﬂﬁl@%thyts are clearly identified by
chemical shift and phase. Both are described in the references cited. The
20  branching properties of each sample were determined by C-13 NMR using the
assumption in the calculations that the entire sample was iso-paraffinic.
Corrections were not made for n-paraffins or naphthenes, which may have
been present in the oil samples in varying amounts. The naphthenes conient
may be measured using Field lonization Mass Spectroscopy (FIMS).
25
FIMS analysis was conducted by placing a small amount (about 0.1 mg.) of
the base oil to be tested in a glass capillary tube. The capillary tube was
placed at the tip of a solids probe for a mass spectrometer, and the probe was
heated from about 50 degrees C to 600 degrees C at 100 degrees C per
30  minute in a mass spectrometer opetating at about 10-6 torr. The mass
spectromer used was a Micromass Time-of-Flight mass spectrometer. The
emitter was a Carbotec Sum emitter designed for Fl operation. A constant flow
of pentaflourochlorobenzene, used as lock mass, was delivered into the mass
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25 FIMS analysis was conducted by placing a small amount (about 0.1
mg.) of . the base oil to be tested in a glass capillary tube. The capillary
tube was placed at the tip of a solids probe for a mass spectrometer, and
the probe was heated from about 50 degrees C to 600 degrees C at 100
degrees C per 30 minute in a mass spectrometer operating at about 10-6
torr. The mass spectromer used was a Micromass Time-of-Flight mass

spectrogigler, hBg- SR HeRNas Ad pteler Stpmemidentanigibcotapéind

operation. A constant flow of penptaflourachloroben ck:
mass, WALAMNRIERFHTEHE ?ﬁa@é’-ﬁlbcgq[pﬁe%lﬁ%e} %%é%?cﬁég‘t'ﬁﬁ% ;}%ﬁa%ecﬂy

tube. Responga faatoestfor all compound types were assumed to be 1.0,

such that weight percent was given directly from area percent. 5 Since
petroleum derived hydrocarbons as well as s ntqgtic h Qﬁogark?%ns rbons
confprissirempatipée smARiHsg HYSF@E@TQPW@%W? &¥ing'a wide boniag

range, thisstiselasHiaudloreter tegthelkoufeTceigioim dnglthédaobpdireifnge.
point of the respective.bailing r : erCSNE PRIBHY at of the
temper&%ﬁ?éjlgfagﬁhllrghwi F“\3v((3ér% ?%??e’%-gt%%%%ehydroca%%lé@r?ssér%gggﬁ?@ °
within thasmﬁwﬂlbmivépimﬁ@a"fgﬁrﬁ%%m prEddgrarsdgialicringrayre at
percent poin iefarsdat thactpmirenatiyaratavbiets decueightipertertoof Wik

hydrocarbons present wil|l vaporize at i .. In.thi
di SE%SUY@W%BFW@H%”S &Wnsgsugg%@%%ﬂggcﬁ%g?e ﬁséé%& lﬁ%ﬂﬁzﬁfeés o the

betweertdhpdipereénhinboOvpisiarresolipighirovadresaprRrS PRamR Wil

referred,fg, For samples havingadloine mngesdhabeveEp0edagrees tailing
the boiling range distributions in this disclosure were easur?d u@%@éhl%ent
a

0
standard%@&l&ﬁﬁpﬁﬂﬁi@fh%@Qﬁggﬁa&gﬁé‘% A SFISamples haling

a boilingysangedoslashoRg dagregsdetid twiffng samgiesdistitgifdinding range
this, disclosure weke 85&Tﬁ%‘é%%ﬂs@%ﬁ&@@%ﬁﬂ@b@W&h@@t&@gs&e were

-2837 or'its equivalent. It will be noted that only the 10 %ﬁ%entgpoint 20;ist For
used wheveFeserAriging the pEIRPEAPANETESSIRG B Bidsehdmgavarent Fo
componghnSiRRAtigaepeTRAY sierb/eeldrontathastpres fratimhaiihirange
makes distributions in this disclosure were measured using the standard analytical
method D -2887 or its equivalent. it will be noted that only the 10 percent point
20 is used when referring fo the pour point depressing base oil blending
component, since it. is generally derived from a bottoms fraction which makes

the 90 percent point or upper boiling limit irrelevant.

THE POUR POINT DEPRESSING
25 BASE OlL BLENDING COMPONENT |

The pour point depressing base oil blending component, as already noted

above, is not a conventional pour point depressing additive. Rather it is a high

boiling waxy fraction of a petroleum- derived base off which has been partiafly
30 isomerized to a pour point of between about -20 degrees C and about

20 degrees C, usually between about -10 degrees C and about 20 degrees C.

One skilled in the art will recognize that the greater the degree of conversion,

the higher the yield loss. Therefore, in isorerizing the pour point depressing
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the 90 percent point or upper boiling limit irrelevant. THE POUR POINT
DEPRESSING 25 BASE OIL BLENDING COMPONENT The pour point
depressing base oil blending component, as already noted above, is not a
conventional pour point depressing additive. Rather it is a high boiling
waxy fraction of a petroleum- derived base oil which has been partially 30
isomerized to a pour point of between about -20 degrees C and about 20
degreesEsasiialbn tietyveermalmnit kb0 gagreest@asidalialaredegréed higher
C. One)ﬁ iled in the art will recognize that the greater the degree of
conversion, the higher the yield loss. Therefore, in isomerizing the pour
point depressing - 11 base oil blending component, low pour point must
be ba|aﬁﬁ€§ipﬁgﬁiﬂ@hh@@%ssliﬁjdaafhe)ipbkahﬁmi@bdmpmnq baseraihtion
ble fthe inven |

con%gnt 013 a‘? L %83?)%5?9 t%}é‘?c?@f?’eén%és\g% e@ta g@r%ent

weight p@%@me’éﬁﬁahiﬁ@%t%fé@mﬁt Redi&eNb P FETTE e ﬁplvrﬁfeieast
boiling rengRghthe R PRIVEIRRIessiRLPaseil Plendirg ce8mepass o

should be abo e about 950 degr 510 de

gre;ter E#%f?ﬁgg%%ﬁ%%t?'& @Pég@l?(%@ %egree éﬁ[ﬁ 5reférr%)d?v\ﬁ?ﬁes C)
boiling rangdiiny excgsgrebibt Brdegresdd %@Q@Do@g@d@&ﬁ)ﬁim@ C)is
eSﬁ’&C'aBYe%ﬁEm% H%B?S&@W&H&@E‘Hﬁ?ﬁ@@e@%&qﬂ@zo degrees C)

depressing base oil blending component is used to reduce the pour point,
the pouPBBﬁ%ﬁéPﬁ‘f@[thﬁ’FﬁcﬁﬂﬁS 15 base oil blend will be below the pour
point of both the pour point depressing base oil blending component and

he distigte s Wud e oren iR il ReiokhRaRRRRDAL8 EBIESANG

pour pOII’] Ol the pour point e ressi ase Ol Ing Component to

the targ6PPHanpeiit eTamél ihg Ba@rep@mb@wm&@fam@@e {hricating
actsl dsgée%%ﬁmﬂb@tmme@@ petbsoas bf%ta&mg@iraﬁbmmmmg

B L I RS B AL Oy
" notnecessary to reduce the pour point of the pour point depressing base oil
blending component to the target pour point of the lubricating base oll blend.
Accordingly, the actual degree of isomerization need not be as high as might
20 otherwise be expecied, and the isomerization reactor may be operated ata
lower severity with less cracking and less yield loss. It has been found that the
pour point depressing base oil blending component should not be over
isomerized or its ability to act as a pour point depressing base oif blending
component will be compromised. In general the average degree of branching
25  in the molecules of the pour point depressing hase oil blending component
should be at least 5 alkyl-branches per 100 carbon atoms. Preferably, the
number of branches will fall within the range of from about 6 o about 8 alkyl-

branches per 100 carbon atoms,

30 It has also been found that by solvent dewaxing the isomerized material, the
effectiveness of the pour point depressing base oil blending component may
be enhanced. The waxy product separated during solvent dewaxing has been
found to display improved pour point depressing properties. The oily product
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pour point depressing base oil blending component should not be over
isomerized or its ability to act as a pour point depressing base oil blending
component will be compromised. In general the average degree of
branching 25 in the molecules of the pour point depressing base oil
blending component should be at least 5 alkyl-branches per 100 carbon
atoms. Preferably, the number of branches will fall within the range of

from abgut R levarutSalkyk franchesgeretBbaarhia ditpiagindGirasour
also been found that by solven ' [ [ ial,ithe
cftct e TRe oL BBl b rema e Lo o g Ao
may be enhanced. The waxy product separated during solvent dewaxing
has begf found e ¢isplrysinarevasdnaie i densessitdsuepserfiesspared
The oily product -12 recovered after tt&ef S%\ﬁ%ntb%%\év%xég%gggr&%% t\lj‘(ng?of a
disPlay iy sBmEPETS FarCAeSFELElRg Broperties is less effective than

the wasxgfiiod opbrZhengendiuir dexyestinpiyassusie bienalisg boriishabrve.
Is “S“alWe%gﬁéf %Qﬁnqcb%‘ﬂﬁ}ﬁ patiemsdracharn weevaied frerdheboremt

of the vacuurm tower Ot a refining operation handlin%atrv.\iq#)épetrol

crude. Agranesien a3haly Wb e SHEPRIMEPBYIRRE BOUS
generalip wiltgispiag thadussipdospditraepfdabing ashivinguweith Giestaving
bojling hetween abo t Aapd,sheut
o o L ey AT B e R b

| particum@x@@f@rmww&mﬁg@ﬁ@%@m@m@H%%%ﬁﬂafﬂaw&lh’gh wax
blending £Rmpengmt indyiahistacksamatningcrbighay decadotextBright
stock derived from ing crude has been found to be. e ' it

for use ﬁﬁpﬁ?éa%ﬁ‘r'%gﬂﬁqgéﬁ?&%ﬁnﬁg ) 8ﬂ5%{]eﬁg fﬁa%!ggsrﬁgﬁénaé‘%ﬁ c%l#' '[%EE
presentdoventient A3HEHFESGNMESIEED DISTILLATE BASE OIL The
separation of synthetic or petroleum derived crudes into various fractions

having characteristic boﬂlﬂﬁ?g‘gagﬁﬁigs%ﬁ@m@ﬂg%m&y@y either 20

atmospheric or vacuum-distitattorrer yracompmation ot atrnospheric and

q ﬁ%ggg F—n(about

The separation of synthetic or petroleumn derived crudes into various fractions
having characteristic boiling ranges is generally accomplished by either

20  atmospheric or vacuum distillation or by a combination of atmospheric and
vacyum distillation. As used in this disclosure, the term “distillate fraction” or
“distillate” refers 1o a side stream product recovered either from an
atmospheric fractionation cofumn or from a vacuum column as opposed fo the
“hottoms” which represents the residual higher boiling fraction recovered from

25  the bottom of the column. Atmospheric distillation is typically used to separate
the lighter distillate fractions, such as naphtha and middle distillates, from a
hottoms fraction having an initial boiling point above about 700 degrees F to
about 750 degrees F {(about 370 degrees C to about 400 degrees C). At
higher temperatures thermal cracking of the hydrocarbons may take place

30 leading to fouling of the equipment and to lower yields of the heavier cuts.
Vacuurn distiftation is typically used to separate the higher boiling material,
such as the distillate base oil fractions which are used in carrying out the
present invention. Thus the distiliate base oil and the botioms product from
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vacuum distillation. As used in this disclosure, the term "distillate fraction”

or "distillate" refers to a side stream product recovered either from an
atmospheric fractionation column or from a vacuum column as opposed to
the "bottoms" which represents the residual higher boiling fraction
recovered from 25 the bottom of the column. Atmospheric distillation is
typically used to separate the lighter distillate fractions, such as naphtha
and midétiendistilfatespdiviepretisisteaetiGieRain GRPPRIGRE Boifiprpred are

point aggg%,glp 1E0Qu9RareRs FalluahastiRRlegrees BitahoutBdhvention
abo

degrees ) ut 400 degrees Cf)g@t ?Eeh?r teméJer?turesrétqgr%al
crackini§ BPHESRGEIRBIRYFTH) BIPRIHER YIRS TS FoUling of the
equipmenhsikieslower yields of the heavier cuts. Vacuum distillation is
typically used to separate the higher boiling material, such as the distillate
base oil fractions which are used in carrying out the present invention.

Thus thEhaisaneszagsaisilaadre PUREHeTbYSaME fHH NG SHLHIBAHFETOD
pour paift ferressingrbaseisivslgndingicdspenentbistpreparbduaes ¢St and
usually recovered from the vacuum distijlati

inventidif g ﬁo‘f%%téﬁ%g ]("?Eg’ ’S{e %r%?’?e?’gg%ﬂ@%ﬁ%%%ﬁiﬁ%gg %?:ﬁ?%nd about

separafingbthe: tdpraresss;. § thedamssienve peirdivaib o bbe Giinabass ol
usgel inGaing Qubibesipvensigpuwibhnve adisematicyisnasins 86300

degrees C between about 2.5 ¢St and about 8 cSt. Preferabl .
viScositQTWﬁf%téyb%iW@QP%Béiﬁ?ﬁe%%r%ga%ﬁ asgbﬁi?e#@gg%t %@%%‘gﬁeaeysbéﬁ?her
the targesreiontbpaintdenie fobritetnfizsofderotlendrido wépireefc,

the cloud poini ol s sgmetizesishlandass ajnprelarblushonid be O
degrees C or less. The distillate base oil may be either cony ntlonal(ljy
derivedibemetRec eI ORBR I o MSARHEFLP-SrirQug meum
reggverggframpasEisgher-Tropsch synthesis reaction. The isomerized
distillate base oil may be a light neutral base oil or a medium 15 neutral

base oil. Typically the isomerized distillate base oil will have a boilin%
range hiyiigpliydhe isomerized distillate base oil will have a boiling range having the

10 percent point falling between about 625 degrees F and about
790 degrees F. The 90 percent point will usually fall between about

20 725degrees F and about 950 degrees F, preferably the 90 percent point will
tall between about 725 degrees F and about 900 degrees F.

The distillate base ofl should be hydroisomerized prior to being blended with
the pour depressing base oil blending component. Surprisingly solvent

25  dewaxing the distillate base oil were unsuitable for use in biends of the
present invention. Hydroisomerization which is also used in the preparation of
the pour point depressing base oif blending component is explained in greater

detail below.

30  The present invention is particularly advantageous when used with isomerized
distillate base oils having a VI of less than 110, since such base oils are
usually unsuitable for preparing high quality lubricants without the addition of
significant amounts of VI improvers. Due to the VI premium which has been
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10 percent point falling between about 625 degrees F and about 790
degrees F. The 90 percent point will usually fall between about 20 725
degrees F and about 950 degrees F, preferably the 90 percent point will

fall between about 725 degrees F and about 900 degrees F. The distillate
base oil should be hydroisomerized prior to being blended with the pour
depressing base oil blending component. Surprisingly solvent 25
dewa%gémﬁmﬁﬁt@s Siouepinssitabiedobuse ol blemtiscoratponent
present invention, Hy erlzatlon c

prepar2tidh B4R GBO rl}?)fl)ﬁ 48 ggg% §§|§ 05{)}0 gsglﬁIﬂ ﬂé%}r%'%’c‘)ﬁgﬁvéd
explaingthinigheates @matw@ﬂdﬁ@ﬁré—@@rﬂ%%ﬂ‘ﬂgﬂE?Brﬁ'é?tr&?é"ﬁ? ol

advan%g gl Héﬁgo‘f“r.'ﬁé ﬁ@g@&lmnq&lH@‘L‘ﬁcbasarmlﬂihamng%éﬂlt
of less 110, sin

ce such base oils are usual t I g
hidh q@&ﬁﬁ}q@ﬂﬂé’aﬂ&'@Wtﬁé?}fQ%bga%% B1''% \'leccz?:]{té g%%éﬁtﬁg?% g
|mprovgfgupu@;tpsﬂb&VbMemummBWhMIh@SWG@WmW%BWdW@W” to
using the pour point depressing pase; ellalgndingseamnonent of the
Mo

inventigh ase oils may be significantly improved

without the use of conventional additives. The pour point depressing base
oil blending component of b AaTEIE IRXERION JYROEIEASIng the VI,
makes it 5 possible to upgrade Group Il base oils having a VI of less than
11 up to Group Il plus base oils. It is also possible by using the present
inventiguitbricatradese ilipanp s BHSE BRSISits iR PSS Ine present

LUBR'%@JA%@ aﬁﬁﬁ&réﬁ]&kﬁ@ﬁ%&fé Ci?c&ﬁ%gk@@fmahag fese BitSlend
prepared according to the process of the prese t
kmemaﬁ%%%ﬁ?%réﬁé? 2]5‘53{]? 2 %’? a?sir.% I?d\@e%'gar @%%E%Qg@ I??ﬁe
klnemaﬁﬁc‘é@@@ﬁtﬁwﬂ 290 Tegrasiainvlbaee @hiderd WiclRshege apgur point
lubgicatyr eg %? %/ aggré‘éﬂ 8Isehavg MAauLBEITY ér%é’t@hﬂéﬁmutxfgo

degrees Is usually greater than abo refer
: klnemaﬁé@c@é@@gﬁb‘%{‘(mﬁ%‘é‘gi’@é’g%% ‘?[kg)é 6? a%”” E iy gbeom

3 ¢St and about 7 ¢St, the pour point will be about 15 degrees C or less, and
the Vi will be about 100 or higher. Even more preferably the VI will be 110 or
higher. The cloud point of the lubricating base ofl preferably will be

20 0 degress C or below. The pour point of the lubricating base ol blend will be
| at least 3 degrees C lower than the pour point of the lower viscosity

component of the blend. Preferably, the pour point of the blend will be at least
6 degrees C below the pour point of the isomerized distiliate base oil and
more preferably at least 9 degrees C below the pour point of the distillate

25  base oil. At the same time, the V! of the blend will preferably be raised by at
least three numbers above the V! of the isomerized distillate base oil. The
properties of the lubricating base oils prepared using the process of the
invention are achieved by blending the isomerized distillate base oif with the
minimum amount of the pour point depressing base oil blending component

30 necessary to meet the desired specifications for the product.

In achieving the selected pour points, the pour pbint depressing base oil
blending component usually will not comprise more than about 15 weight
-15-



3 ¢St and about 7 cSt, the pour point will be about -15 degrees C or less,
and the VI will be about 100 or higher. Even more preferably the VI will be
110 or higher. The cloud point of the lubricating base oil preferably will be
20 0 degrees C or below. The pour point of the lubricating base oil blend
will be at least 3 degrees C lower than the pour point of the lower
viscosity component of the blend. Preferably, the pour point of the blend
\évill ﬁe?%}égﬂg.&gljgegg;{&gg;;%;Q@épwr%ﬂ@mwipmmceﬁtbﬁsis@me@é@ercent or
istillate base oil and more preferably at least 9 C pour
point JeShecRbMaRE IEHA0Y 6%? R?W%/ Os‘réltrr(?ee Qﬂ%%?ﬁz) %}Eleo?ht)ﬁlle@é?% will
preferapbyfmsaisei bynatritess biiveigh horrtsersoalrsieoliBa i BRehd ne

isomerzed AISTIRS Rese Al S, dreassessaibeduluicatingripseginent o
prepared using the process of the invention are ach vedsb 1P|e'99i’&9@t<§‘%
isdmerizedt tietipaes 5 SficAPIHST RAHIRERT ARSountof the Hour point

depressipg base @iblendingsmanpaentaosipcddsalyjocirean tracceptable
- desired Spﬁ%& a‘éf}‘?‘ﬁ‘f@é%‘;&% Rroguahdnachieving e selssiadsniderally

points, T8 epressing base ‘oil biending component usually will
not comggigiblmore than about 15 weight -15 percent of the base oil
blend. Preferably, it will comprise 7 weight percent or less, and most

preferably the pour point depressing base qil hlendi ANl
cOMpridesS BRI d?ﬂtﬁ%r}‘ygﬁﬁ 8%%05039 5?%@ %%ﬁ%e%ae%&r%%?nq LB r@aaan%u nt of
the pouRpiBhetetsessinphaib tielsenwificeactisibretaseinaef tRgmium is

desired specilaine.af AAYBRIONARSYS o usualboRtafertct Vit

raising? e cloud point and/or viscosity of the blend to an un

level. Ablemd ievwisniBoarhorigRgiio] l%%u{é#@%‘feﬁﬁec bad pﬁ%tr%fig %Ré% gﬁﬁ {f; .
negligibig, pbPribsaneadingteithekibs iivdhsouropbastidepreasilepraganst in Vi
blending component, i ' ] ' istilader baseisd.ta VI
pré?hiur%?g%gé)s%?@eﬁj%%ggt{gr%r% %Qpég%nﬁﬁnmﬁgfﬁggnﬁ%ﬂ\% b(%gs;(in W{]i' hf com
the VI q:frmblcbler@%l@i@rﬁﬁéﬁrﬁl‘y'Fﬁgﬁe@%ﬁ'%@ﬁ'la%ﬁ\% PEBFEXSEC eg’

from a @g@uer@\?ﬂrg%@%@%?r@gm@ﬁdm Na\drfgrative halwdercidfarmiieo. A

|mprove(g;§$ !szuls base oil may also be prepared from a Group || base oil having a

VI below about 110.

20
A further advanfage of the process of the present invention is that the volatility

of the lubricating base oil blend may be lowered relative to that of the
isomerized distillate base oil fraction. The pour point depressing base oil
blending component is characterized by a very low Noack volatility.

25  Consequently, depending upon how much of the pour point depressing base
oil blending component is blended with the isomerized distillate base oil, the
lubricating base oil blend may have a lower Noack volatility than the

isomerized distillate base oil fraction alone.

30 Lubricating base oif blends prepared according to the process of the present
invention display a distinctive boiling range profile. Therefore, the lubricating
base oil blend comprising the isomerized distillate base oil and the pour point
depressing base oil blending component may be described as a lubricating
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15 resulting from the practice of the present invention makes.it possible to
produce a Group Il base oil, i.e., a base oil having a VI greater than 120,
from a Group 11 plus base oil, i.e., a base oil having a VI between 110

and 120. A Group Il plus base oil may also be prepared from a Group Il
base oil having a VI below about 110. 20 A further advantage of the
process of the present invention is that the volatility of the lubricating

base ojl hiepd unav hedeweanaddelssiyeidootiat aif e disprre izet distilocst
base oil fraction, The pour paint d i Ol nding ¢ t
s ohar AR U O M T B g g e
dependingeponuh®idregiees HarbalgyoRtitshrasing ey dirEisdrye
compopgptis higngad with.thegsamseresidistilatediaseioil thetion is distilled

lubricating base oil blend may have a lower Noack ilify t S
isoﬁweri%égdhﬁii‘?ﬂ‘[é’c%“ﬁ‘ﬂécéa&i’ﬂq?ﬁﬁ)ﬂ% eé.p\%:rL%%?\Ifgé%hgﬁi)@%%e%ﬁ%%ﬁggﬂ9
preparedacspming. i6dhergipdbsshafrtheipradesiionvehienedaspragp content
distinctiye holing anes:Rlglle. JReLaioacls, uBling iR donm eUplans o
comprising the isomerized distillate base oil and t@ggo%%%rgp?mt cesponds 1o
deprestiadsbassiennisiistitai kas s8rzt hapisk JEGHSL §oresp
lubricating nolf hasesep el havagisblenemationjsgozity at 100 degrees
C above agout 3 ¢St and further containing a high boiling fraction having
a E)%iling range above about 950 degrees C and a low boiling fraction
having eubdiiripediage didisndaodiboitEipRERCORMERIIFLRE TG
high bogggg%g@gtﬁgij%ﬁggt}gﬁgbﬁggﬁh@bﬁ]mpdﬁ@@éwﬂmgﬂ;ﬁsawgmint For
pour point than the entire |lubricating base oi n high,
boiling PEEEIEAINGRIE Fa §f¥i’ﬁ* R e’é{%?é“ggtga?tﬁ%%%sﬁé%ﬁght ”?d
percentdiEteciovispoiivgfiactbrisiBlatepomibads wall isopmerodhasrfdied in
base oi the hi i ' HERP 480 Hey Ry PeiRboint.
dzgfesé?rgg%%tégg %??g\“gr?a%grgﬁqﬁnﬁt 10 ?ﬁ%ﬁcaﬂ%ase oil gﬁlinds of
the invention may be identified by using

HYDROISOMERIZATION

Hydroisomerization, or for the purposes of this disclosure simply

20 “isomerization”, is intended to improve the cold flow properties of the base oiis
used to prebare the pour point depressing base oil blending component and
the distillate base oil by the selective addition of branching into the molecular
structure. In the present invention, itis essential that the waxy bottoms or
slack wax be isomerized at some point during its processing in order to make

25 it suitable for use as a pour point depressing base ofl blending component.
Likewise the distillate base oil must be isomerized prior to being blended with

the pour point depressing base ol blending component.

lsomerization ideally will achieve high conversion levels of the wax fo
30 non-waxy iso-paraffins while at the same time minimizing the conversion by
gracking. Since wax conversion can be complete, or at jeast very high, this
process typically does not need to be combined with additiona!l dewaxing
processes to produce a high boiling product with an acceptable pour point. in
-17 -



simulated distillation to determine the 950 degrees F weight percent point.
For instance, if the blend is 85 weight percent below 950 degrees F, one
would distill off, by conventional distillation methods well known to those
skilled in 15 the art, 85 weight percent of the blend to get a 950 degrees F
cutpoint. HYDROISOMERIZATION Hydroisomerization, or for the

purposes of this disclosure simply 20 "isomerization”, is intended to
iml_orfg/ﬁgggﬁﬁg|%%%Wupﬁfm?fﬁ%§r@§§h@ bmﬁio@js:amwmpﬁﬁmiww%ur
point depressing base oil blending ¢ - ] i an
by the’§é?é@ﬁ{7e9§5’8fﬁg¥f£ Wf%é%lﬁ%%?ﬁ%ﬁg%gﬁgrg g%ru%%ﬁ;e??fﬁe
presenitiowertiafegitdsseS st b LBHewags Boltome 5 ARPRIALBE
Isomerizq il RIMERAIRIALIRG s RragABsINgpiB:NLdescla makle25amprising
suitable for use as a pour point depressi %]bgg aio%l;)llggﬁu%gn%%p %ﬁ%en’t
Likewise armsamtenst 8 Wl RIS BE 1eomerized prior to being blended

with the:pagnhpeinistepiessinyiadboidifisnerntpeaanpehti catalyst preferably
Isomenezion deal wil fehipye NalbeoaNErSiaT eveis of $rPoa aid0
non-wéxy |so-parar% Ins while at the same time minimiz o the conversion

by craBARG-SineBARRTIEEBn RaHBETY Hﬁ%fé‘?%? RS 7 high,
this proggssdyRicalhs Jons ot rsebn) BBZA0M HAN3GitaraidRIdrE, also may

dewaxing processes.to prqduc ' i Wit agaeptable
pddr pcﬂﬁt‘fﬁﬁd-i‘fﬁ%naqri%lg%ﬁg %(%ﬁé%%?ﬁtg Biggrlg%? n%eg\\lign%%%;éggn(gjonent
a

of the presgwieinvemtice! g@neriiy, RONallRIsS AR G BRI
pour point hetween. abadls pRHirgrent Gaindiahat 28meiphesr&ered as the

Isomerization operatigns suitable for use wit lih%é)d‘esent invention

typicallPEiye 5‘%@@19’5%8‘%{5}%@%55%05}&? 16 %0

omponent and may
optionally contain an active metal component having hydrogenation

acfiyity Tﬁg%ﬁr%igécgﬁ?éﬂﬁ%ﬁ{g 9bibe s Ay ueianbhinNdise soam effective

s b asimypin o o B Ad B B
such asdaMra i1t BSZIaRT AIMEBBandBs na1BowEIds iRMgaistside
used in igallrr‘r%{‘ig 90Ut the isomarization sbRiCahartusorBaipkHineIfehis range
tend o have unique molecular sieving characteristics. Unlike small pore
a0  zeolites such as erionite and chabazite, they will allow hydrocarbons having
some bfanching into the molecular sieve void spaces. Unlike larger pore
zeolites such as faujasites and mordenites, they are able to differentiate
hetween n-alkanes and slightly branched alkenes, and larger atkanes having,
for example, quaternary carbon atoms. See U.S. Patent No. 5,413,695. The
25 term "SAPQ” refers to a siiicoaiuminephosphate molecular sieve such as
described in U.S. Patent Nos. 4,440,871 and 5,208,005.

In preparing those catalysts containing a non-zeolitic molecular sieve and
having a hydrogenation component, it is usually preferred that the metal be
30 deposited on the catalyst using a non-agueous method. Non-zeolitic
molecular sieves include tetrahedrally-coordinated [AIO2] and [PO2] oxide
units which may obtiona(ly include silica. See U.S. Patent No. 5,514,362
Catalysts containing non-zeolitic molecular sieves, particularly catalysts
-18 -



molybdenum, nickel, vanadium, cobalt, tungsten, zinc, platinum, and
palladium. The metals platinum and palladium are especially preferred as
the active metals, with platinum most commonly used. 15 The phrase
"intermediate pore size", when used herein, refers to an effective pore
aperture in the range of from about 4.0 to about 7.1 Angstrom (as
measured along both the short or long axis) when the porous inorganic
oxide s jn.the calgined formnMelasulaisievesbavingopsrecapsntiees in

oxide 5ol caeined fofmr olacian sieves
Sl 6 2 SREHTES SIS SN St SPaBEle) el i

hydrocaskonsshavisighsemedstanciingantonhbieddredarassibeagtig metal.

spaces, Unlike igpRuGR Axiaviasitemaadimondeaiies; sieves
they a?(l;hgbr]é(r% I g{rjégr?tigg)tgé%geﬁween n-alkanes a dﬁli htla/ branched
%?u %?HO Vi

alkenels; taHaNaRyEraIRakES Navmes ot exarHpie" hon o®

ary ‘carbon
atoms.Hee1ldng RaiepbiNg. & theh68k: Thtalh tenon“SARISrefei! qgchve
silicoaluminophosphate molecular sieve spch.as deseiibedialdeeatent
Nos. 4%?@@@‘1”;#& %"ﬁ'@@%%éH I%resggparing tﬁosedlfyastalysts cortlétaining a
non-zeltificegnelézular sieve and having a hydrogenation component, it is
usually preferred that the metal be 30 deposited on the catalyst using a

non-aqueous method. Non-zeoligi @%ﬁ :ﬁ [ include
teipahedrally-coordinated [A102 o " VﬁE>\(ﬁ\€dits which may
optionally include silica. See U.S. Patent No. 5,514,362. Catalysts

containy AU CUlATSiENERaRALiRUIREY BAtaINGIE &Il amounts of
contai%ﬁ%@%%@&glﬁewhigﬁ the metal hgsEI en ge %site% sing a
non-aqBBBIRTMAEIRE VAR EREHRSFRRIP S SIRARAP A1 2 &liity than '
those ¢aiabystsahichidinve thsquaemdqueniomethettdatepdt ey aetioaally
metal. The nan-agyeou \ifela (e dngtale unrREdeliismerized
mi%:cu%er %?eevgg qqﬁiga?gﬁ%g %?é’%ﬁ? B Iﬁu@% No%g,gw%ztg In ﬁ%ﬁnertacli, the .
processvax:adiveds Hisksma W@ﬁ?ﬁ&fﬁ@’bf‘?ﬁ%"ﬁ@ﬂ/ﬁ%ﬁ? g ont dewaxing
NON-a0UROS, RPRTEARGHYE SRbcEn: andwenusiiing foim thenialedylérction.
sieve b%é?\?eg%( 82\;6‘}2 lﬁg% clirgr%%%no%'s%ving the isomerized waxy bottoms or slack
wax in a solvent, such as methyl ethy! ketone, methyl iso-butyl ketone, or
20 toluene. See U.S. Patent Nos. 4,477,333; 3,773,630, and 3,775,288.

It has been found that lubricating base ol blends prepared according to the
process of the invention are compatible with conventional pour point
depressants. Therefore, additives intended to further improve pour point may
95  ba added to the lubricating base ol blends of the invention to prepare finished
{ubricants. Generally pour point depressants will comprise between about 0.1

to about 1 weight percent of the finished lubricant.

The following examples are intended fo illustrate the invention but are not to

30  be construad as a limitation on the scope of the invention.
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10 SOLVENT DEWAXING In conventional refining, solvent dewaxing is
used to remove small amounts of any remaining waxy molecules from the
lubricating base oil after hydroisomerization. In the present invention,
solvent dewaxing may optionally 15 be used to enhance the pour point
depressing properties of the isomerized wax. In this instance, the waxy
fraction recovered from the solvent dewaxing step is generally more
effective in lowering pour point than Ex&piBLESction. Solvent dewaxing is
done by dissolving the isomerized waxy bottoms or slack wax in a

solvent, such as methyl ethyl ketone, methyl iso-butyl ketone, or 20
toluene. See U.S. Patent Nos. 4,4772%3°8l¢ %3 650: and 3,775,288. It

has been found that lubricating base oil blends prepared according to the
process of the invention are compatible with ¢ 11 MelaY

e bt i R
may 258 peliedita the lesvitatingerisdaitise saserIRatiERBIREgISs of the
prepare, finish ' $ae our point depressants will
compri@g%ﬁﬁggiya égg%éi to at?g%f weight percent of the finished
lubricant. The following examples are intended to illustrate the invention
but areattRiis ik epnstruEat as a lipdittsh on the scope of the
inyentionscbeif XAMRIYES Example | 53Bright stock was prepared from
Daqingrawdeiny hydroisomerization foﬁjé‘e as a pour point depressing
base oiClolahgdingl component. The proﬁérﬁes of the Daqing bright stock
were aSiohiigs! Risillatiene Wis¥¥siy at 100 C 21.5 ¢St 10 Viscosity index
(V1) 138 PouPpdint -18 C Clou %Eg5 C Simulated Distillation, F/
Wis STI5 89f/980 ° |

1108
70/90 1167/1253
. OB/EP 1291/1338
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15 10/30 989/1055 50 1108 70/90 1167/1253 95/EP 1291/1338 -20
Example 2 Varying amounts of the bright stock described in Example 1
were blended with a isomerized petroleum-derived base oil displaying the
following 5 inspections: Viscosity at 40 C 39.8 ¢St Viscosity at 100 C 6.35
cSt Viscosity Index (VI) 108 10 Pour Point -14 C Simulated Distillation, F/
Wt.% ST/5687/721 10/30 741/795 50 836 15 70/90 879/936 95/EP
963/1024 The various lubricating base dikdaigwpdis 2nd their relevant
properties are 20 shown in Table 1, below. Table I Blend# 12 3 4
W1t%ofBri ht Stock 0.5 1.0 3.0 10.0 Pour Point, C -13 -12 -14 -23 Vis
1D0C \:8tirg; 308088 0 1A gpalclyesetbecal BP0 98 RCA9%0
VI 108, 309,110:1d425 JEwilkbe netredhalstheiptisslpging tassigaifigantly
lowered when 10 weight percent of the bright stock was present in the

biéhd (BRERE2AS: In addition,

Viscosity at 40° C 39.8 ¢St
Viscosity at 100° C 6.35 cSt
Viscosity Index (V) 108
10 Pour Point -14° C
Simulated Distillation, °F/ Wt.%
8T/5 687/721
10/30 744/795
50 836
15 70/90 879/936

a5/EP 963/1024

The various lubricating base oil blends and their relevant properties are

20 shown in Table 1, below.

Table 1
{ Blend # 1 2 3 4 |
Wit % of Bright Stock | 0.5 1.0 3.0 10.0
Pour Point, "C -13 12 -14 -23
Vis @ 100°C, cSt. 5.203 | 6.440 | 6.614 | 7.243
Vis @ 40°C, cSt. 40.24 | 4053 | 421 | 47.00
Vi 108 | 100 | 110 | 114

o5 It will be noted that the pour point was significantly lowered when 10 weight
percent of the bright stock was present in the blend (Blend #4). In addition,
the VI was raised for those blends containing 1, 3, and 10 weight percent
bright stock (Blend #s 2, 3, and 4, respectively).
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the VI was raised for those blends containing 1, 3, and 10 weight percent
bright stock (Blend #'s 2, 3, and 4, respectively). -21 Example 3 The bright
stock described in Example 1 was blended with a second isomerized
petroleum-derived base oil displaying the following inspections: 5
Viscosity at 40 C 17.66 cSt Viscosity at 100 C 4.017 cSt Viscosity Index
(VI) 128 Pour Point -20 C 10 Simulated Distillation, F/ Wt.% ST/5
683/712 10/30 724/758 50 787 70FGERIBF0 15 95/EP 893/953 The
various lubricating base oil blends and their relevant properties are shown
in Table 2, below. 20 abI 2 BI 0.5 1.0
3.0 PoUPUit! &0 S §b§ S %Sc\%%%jsﬁ%gz%%mc
cSt. 173%@81«1@pﬁ@r@l@@%ﬁgqu}@s@s@rh%@?ﬁm@tﬁ%ﬁ%}%"ﬁﬂéﬂﬁ?‘aﬂtms
st%ck had a significant effect on pour point 25 and VI at the 3.0 weight
percent leve|. 22 Example 4 T;] bright stock described in Example 1
was bl¥faet Wﬂ %/Qmerlze %r Tropsch derived base oil

dBpMWOSg @dgx Inspecq%s iscosity at 40 C 17.22 cSt
Pour Point -20°C

10 Simuiated Distillation, °F/ Wt.%

: ST/h 5837712
10/30 T24/758
50 787
70190 820/870

15 O5/EP 803/953

The various lubricating base oil blends and their relevant properties are

shown in Table 2, below.

20
Table 2

Blend # 5 6 7 8
Wi % of Bright Stock | 0.5 1.0 3.0 | 10.0
Pour Point, °C -22 -22 -27 -33
Vis @ 100°C, ¢Sl A051 1 4.084 14220 | 4723
Vis @ 40°C, cSt. 17.97 1 18.19 | 19 | 2210
Vi 127 127 125 134

As in Example 2 above, the bright stock had a significant effect on pour point

25 and VI at the 3.0 weight percent level.

_9D .



Viscosity at 100 C 4.104 cSt Viscosity Index (VI) 145 Pour Point -20 C 10
Simulated Distillation, F/ Wt.% ST/5 6431729 10/30 741/770 50 801
70190 838/888 15 95/EP 907/949 The various lubricating base oil blends
and their relevant properties are shown in Table 3, below. 20 Table 3
Blend #9 10 11 Wt % of Bright Stock 3.0 6.0 9.0 Pour Point, C -24 -28
-28 Vis 100C, cSt. 4:296 4.498 4.709 19.54 20.75 Vis 40C, cSt. W. VI
147 149 153 This Example illustrateExaatieedbright stock effectively

lowered the pour point 25 and raised the VI of the Fischer-Tropsch
derived base oil at the 3.0 weight_ percent level. 23 Example 5 T i&{}t
stock HaedriBstsAEdaRpiee S HECkAT ?%@%@B@Sr‘ﬁ’gﬁeﬁé
FischensErapsehrderiveaiaasese disgtmdgimntibddibonity BIRspifons:
Vigcosity at 40 C 31.59 cSt Viscosity at 100 C 6.295 cSt

Viscosity at 40° C 17.22 ¢St
Viscosity at 100°C 4.104 cSt
Viscasity Index (V1) 145
Pour Point -20°C
10  Simuiated Distillation, °F/ Wt.%
STH 643/729
10/30 741770
50 801
70/90 8358/888
15 95/EP 907/949

The various lubricating base oil blends and their relevant propetties are

shown in Table 3, below.

20
Table 3
Blend # 9 10 11
Wi % of Bright Stock | 3.0 5.0 9.0
Pour Point, °C -24 -28 .28
Vis @ 100°C, c5t, 4296 | 4.498 | 4.709

Vis @ 40°C, ¢St 1837 | 1954 | 20.78
Y] 147 | 149 | 153

This Example illustrates that the bright stock effectively lowered the pour point
o5  and raised the VI of the Fischer-Tropsch derived bass oil at the 3.0 weight

percent level.
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Viscosity Index (VI) 154 10 Pour Point -14 C Simulated Distillation, F/
Wt.% ST/5803/827 10/30 8411881 50 912 15 70/90 943/982 95/EP
996/1031 The various lubricating base oil blends and their relevant
properties are 20 shown in Table 4, below. Table 4 Blend # 12 13 14 15
Wt % of Bri ht Stock 0.5 1.0 3.0 10.0 Pour Point, C -14 -13 -16 -23 Vis
100C, cSt. 6.332 6,353 6.513 7.048 Vis 40C 31.86 31.93 33.16 36.98 VI
154 155 154 155 25 Note the drop in%ﬂ?ﬁﬁiﬁt at the 3.0 weight percent
and 10.0 weight percent levels. -24 Example 6 Daqing bright stock was
separated into three cuts having the followin il : ing
B9 Cul 1980 PSR TBS I o Daag B e o L b0 Tib0 F
36.0 Wiston DaginBiBS«Cliteheh 50 prss 31 Sitptaind (e firgibe
cutos w Ssg&]g&&d by FIMS to determine the paraffin content. The results
showed a paraffin content for cut #1 of 20.7 weight percent, cut #2 of

Viscosity at 40° C 31.59 ¢St
Viscosity at 100° C 6.295 ¢St
. Viscosity index (Vi) 154
10 Pour Point -14° C
Simulated Distillation, °F/ Wt.%
ST/5 803/827
10/30 841/881
50 912
15 70/90 043/982
95/EP 996/1031

The various lubricating base oil blends and their relevant properties are

20  shown in Table 4, below.

Table 4
Biend # 12 13 14 15
Wit % of Bright Stock | 0.5 1.0 3.0 10.0
Pour Point, °C 44 1 13 -18 -23
Vis @ 100°C, ¢St 6.332 1 6.353 1 6513 | 7.048
Vis @ 40°C 31.86 | 31.93 | 33.16 | 36.98
Vi 154 155 154 455

25  Note the drop in pour point at the 3.0 weight percent and 10.0 weight percent

levels.
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20.6 weight percent, and cut #3 of 47.1 weight percent. 15 Various
lubricating base oil blends were prepared using an isomerized
petroleum-derived base oil similar to the one used in Example 3 above.

The results are shown in Table 5 below. Table5 20 10# ABCDEF G
HIJKLMN wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt% wt-1.
wl% wt% Base 08 100.0 99.6 94.5 69.6 95.0 90.0 94.6 89.6 95.0 90.0

94.6 89.6 95.0 90.0 Dq Cut 5.0 100 Bx@1@le #1 5.0 10.0 6.0 10.0 Dq Cut
#2 5.0 10.0 5.0 10.0 DgCut #3 Visoplex 0.40 0.40 0.40 0.40 0.40 0.40
0.40 1-301 Total v$. 100.0 100.0 100.0,100.0 10 %100 O% ? g %g[g) O%O§§mg
700.0 BBOIOSLDT $OG0HROSEPRIIY FIAE G401 7% 0817424 4

4.217 4:45254.399 4.763 4.327 4.692 4.549 5.114 4.478 5,043 t00- C, oSt
V1128 127 130 132 127 130 132 138 129 136 135 145 132 144 PPC -20
-4%42 -42 -20 -20 39 -40 -25 31 38 43 35 -33 'Pour Polntimggssant

"Pour Eaigin@ B&6tE that while @5@1 i & as effect ering the
pour poiatiaadT&is Bche VI of % aqlng cut msa ,ine most
effectividadps BR4rH

10

Each of the cuts was analyzed by FIMS to determine the paraffin content. The
results showed a paraffin content for cut #1 of 20.7 weight percent, cut #2 of
20.6 weight percent, and cut #3 of 47 .1 weight percent.

15  Various lubricating base ol blends were prepared using an isomerized
petroleum-derived base oit simiiar to the one usad in Example 3 above. The

results are shown in Table 5 below,

Table 5
20

0# [ A B ¥ D E F G H 1 J K |3 M M

Tot% | wid%h | wi% | wi% o | W% | Wit | with ; wio | with ! wt% | wi% | wi% wt %

Base O | 1000 | 89.6 248 88,8 850 80.0 84,6 68.6 85.0 QO.G 24.8 88.8 95.0 90,0

Dq Gut 50 | 0.0 | 50 |.t0.0 ‘

g‘q Cut 50 10.0 5.0 19.0

:;2 Cut : 5.0 0.0 5.0 100
g G

#3

Visoplex 040 | 040 | 040 04b | 040 0.40 | 040

1.307*

Yol wt | 1000 | 100.0 | 1000 | 100.0 } 1000 1060 | 4000 | 1008 | 100.0 | 100.0 | $00.0 | 100.0 | 1000 100.0
%

Test

Vis. @ 4017 & 4.081 4,29 4395 ¢ 4.217 | 4462 | 4388 | 4.783 43827 | 4.692 | 4.54¢ | 5114 | 4478 | 5,043
100° C,
o8t

vl 128 127 130 132 127 130 132 138 128 136 135 148 132 144

PP oCH -20 -43 -42 -42 20 -20 =30 -4 25 -3 -38 43 35 -33

“Ppur Foint Depressant
**Pour Paint

25  Note that while Daging cut #2 was effective in lowering the pour point and
raising the Vi of the base oil, Daqing cut #3 was the most effective.
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Using three cuts of Daqging bright stock as in Example 6 above, various
lubricating base oil blends were prepared using an isomerized petroleum
5 derived base oil similar to the one used in Example 2 above. The results
are shown in Table 6 below. Table 6 ID# At B1 Cl D1 E1 FI CI Ht 11 JI Kt
LI MI Nt M% wt % wt % 4 % wt % w1 % wt % wt % wt % wt % wt % wt %
wt % wt % Base Oil 100.0 99.6 94,6 89.6 95.0 90.0 94.6 89.6 95.0 90.0
94,8 69.6 95.0 90.0 Dq Cut 5.0 10,0 BX@m8 #1 5.0 10.0 5.0 10.0 Cut
Cut #2 5.0 10.0 5.0 10.0 Dq Cut #3 Vlsoplex 0.40 0.40 0.40 0.40 0.40

0.40 0.40 1.301 Total wt. 100.0 1 0.01
100.0 46579 ¥OPAEPDRGH]E T8 b 100 S P St B A AR b & k5
6 997 6.6H9:BRPD6950T=887 16656 ZIZTEIURREY FoisonelzetRgEBle Gy

St. VI 104 106 14 3616 T, I
"1 I§P 8 5 5 eéﬁ%ﬁ &%Z%%%%&%%@?g%ﬁsa% -39 -24 -32 a Pour *

Point D@mwssaﬁiatﬂﬁéthet@&int The results in Table 6 confirm the
conclusions in Example 6, above. Daging bright stock cut #2 was

effective in depressing the pour point ot,{c}ﬂg@gend and raising the VI.
Dagqing bright stock cut #3 was the most effective. -26

| 1D Al &1 [oi] o1 E1 G &1 H1 11 d1 K1l L1 A N1

o | Wt | wih | with | wi% | wi% i T widh | W% |wi% | wi%h lwl% vl | wt%

Base Ol | 100.0 | 898 94.6 89.6 95.0 80.0 24.6 89.8 85.0 $0.0 94.6 89.8 Q50 90.0

B Eut 50 1108 |86 |00

gﬁqc{;z R ECE)

e 56706 | 80 | 100
q Lk

#3

Visopla 740 | 540 | 040 046 04D 540 | AT

1-30%"

Total wt. | 100.0 | 1000 | 10A.0 | 1000 | 300.0 | 1008 J000 | 1000 § 100.0 | 100 | 1000 | 9000 | 100.0 | 1000
Yo

Test

Vis. @ 5457 | E.EE5 | 6.784 | B.097 | 6609 ; 6,885 | GIE0 7387 | 5856 | 7.2/8 | 7.232 | 7689 | 7422 | 7.835

160° C, ,
oS,
i 108 111 111 16 110 114
104 108 108 111 107 i10 110 113 -
glP oo -12 48 -37 -40 -14 -13 -39 40 -1 ~18 43 -39 ~24 32
1 0 “Bour Poinl Depressant

“*Pour Point

The results in Table 6 confirm the conclusions in Example 6, above. Daging
bright stock cut #2 was effective in depressing the pour point of the blend and
raising the VI. Daging bright stock cut #3 was the most effective.

.6 -



Example 8 The pour point depressing ability of the Daging bright stock of
Example | was compared to a petroleum-derived solvent dewaxed bright
stock (Citgo 5 150 BS) which had the following inspections: Kinematic
viscosity at 100 C 30.6 ¢St Viscosity index (VI) 94 Pour point -13 C 10
The Daging BS and the Citgo 150 BS were each blended separately with
a isomerized 100 Neutral base oil (Chevron 100R). The properties of the
various blends is shown in Table 7 bélgampteBable 7 ID# A2 B2 C2 D2 E2
wt % wt % wt % wt % wt % Base Oil 100 95.0 90.0 95.0 90.0 Cito 150
BS 5.0 10.0 Da in BS 5.0 10.0 Total wt. 100 100 100 100 100, Test Vis., °
40 C, CBr2mBERnEtpEes Eebiiy s idhe Naogprs SO PAFRTRE 1 Was
4.833 4148308 a\ﬁeh‘aﬂe&%éwea%a&m RRGEIR g0 sbiic (3itek6
**Pour Pomt%ﬁ Th ﬁ%d %ntfd waxed brg% t %tsock was not effective in
Iov&énn%é ! f)ﬁb £?h% P8g"ReL ase oil, although the viscosity
and the VI both increased (See ID#'s B2 and C2). The isomerized Daging
brlght W&%@@'&!Q% Jdowered the pourdint at the 10 weight percent

2\)tscosﬁy index (V1) 94 ]
Pour point -13°C
10
The Daging BS and the Citgo 150 BS were each blended separately with a
isomerized 100 Neutral base ol (Chevron 100R). The properiies of the
various blends is shown in Table 7 below.
15 '
Table 7
ID# A2 B2 | G2 | D2 E2
wi% | wi% | wi% [ wi% | wi%
Base Oil 100 | 95.0 | 90.0 | 95.0 | 0.0
Citgo 150 BS 50 | 10.0
Daging BS 5.0 10.0
Total wt. 100 100 100 100 100
Test
Vis. @ 40° C,cSt | 20.55 | 22.63 | 256.65 22.51 1 2535
Vis. @ 160° C, oSt | 4.137 | 4.448 | 4.833 | 4458 | 4.865
\i 101 167 110 108 115
PP °C* 43 | <10 | -1 | 13 | -16
*Bour Point
20

The solvent dewaxed bright stock was not effective in lowering the pour point
of the 100 neutral base ofl, although the viscosity and the VI both increased
(See ID##s B2 and C2). The isomerized Daging bright stock significantly
lowered the pour point at the 10 weight percent (ID# E2).

- 27 .



-27 Example 9 Daqing bright stock of Example 1 was blended with a
solvent dewaxed 100 Neutral base oil (ExxonMobil AC 100). The results
are shown in Table 8 5 below. Table 8 ID# AS B3 C3 wt% wt% wt%

Base Oil 100 95.0 90.0 Da in BS 5.0 10.0 Total wt. 100 100 100 Test

Vis. 40 C, cSt 20.24 22.95 26.14 Vis. 100 C, cSt. 4.046 4.4 4.801 VI 95
10 103 PP C-9-18 -19 'Pour Point 10 It should be noted that there was
no appreciable change in pour point @kmnptad Daging bright stock was
blended with a solvent dewaxed base oil. These results may be

compared to the blend identified as ID# E2 in Table 7 Wh%‘g tg8v§gr%§
Daqin@brightsigiciagiu et amR I EEi MBI Y8 ey A0 base 15 oil,
-28 1. fAglulegatingeass oibiienddbiving! aKinEmateuiscosisfaw g able 8
degrees C above about 3 cSt and further containing a high boiling fraction
hagingbgl%iling range above about 950 degrees C and a low boiling
fraction having a boiling range below about 950 degrees C, wherein 5
when the high boiling fraction is distilled i the low boiling fraction has a
higher pour point than th ! ptire-lubricatifg-pase-git-blend:
wt% | wit% | wi%

Base Qi 100 | 950 | 80.0
Daging BS 5.0 10.0
Total wt. 100 100 100
Test

Vis. @ 40° C,cSt | 2024 2295 | 26.14

Vis. @ 100°C, cSt. | 4.048 | 4.4 | 4.801
Vi 95 1G0 103
PP °C* -19 -8 19
*Pour Point

10
It should be noted that there was no appreciable change in pour point when

the Daging bright stock was blended with a solvent dewaxed base oil. These
results may be compared to the blend identified as 1D# E2 in Table 7 where
the same Daging bright stock reduced the pour point of the isomerized base

15 oil
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20

2. The lubricating base oil blend of claim 1 wherein the high boiling
fraction contains about 30 weight percent or more of paraffins, 3. The
lubricating base oil blend of claim 2 wherein the high boiling 10 fraction
contains about 40 weight percent or more of paraffins. 4. The lubricating
base oil blend of claim 3 wherein the high boiling fraction contains about
50 weight percent or more of paraffins. 5. The lubricating base oil blend of

¢laim A havitagidy asmatisienacnsing al kHA-gaersapspaiween about 3

cSta out 8 cSt..15 6. The luhyicati ase oi| blend qf claim.1
el s Sy ARG e oS PG R4 LA oso
degreBadtion hayiad abHdtnihgrasseboliaibattdi ) segessieasmhatanhigh
fidiiergopon Rl etk Ay
ubricatjng hase. ail blen aim 1. wherein the hi iling raction
comp?itl"’s.hee(i1 g}?g @ét%%i‘.“ @.P‘Fﬁé%bsr?c'%ﬂﬁge 85%%‘%{P Igﬁ B claim 1
whereifiegterehaisealbigheatng baiséthain e enpedupiiatnghateisithlest 3
degrees C below the pour point of the low boiling fraction. 10. The

bricating base oil blend laim 9 wherein the entire lubricating base
-29 oi?ltrba%ua fbcc?HP g%ﬁ@\,ﬂﬁ)&%’fﬁi?@é{gﬁ@g}?@?&*g@@&g&ﬁ% pour point
of theflewigioitrainscaerut B0 Waightiisrieentry ase dipafafiaim 10 wherein
the entire-lubricating base oil 5 blend has a pour point which is at least 9

egre elow the pour. point aof the lgw boiling fraction. 12. The
oot SRR B PP £ AT ARG PGEAe Iubricating
base oitastiniybentainsatbmnAlokeight oartsaitiogrieretifimatSfifhe lubricating
base oil blend of claim 12 having a VI of between about 10 110 and about

20 and the VI of the high boiling fraction is less than 110. 14. The
ubric%ﬂ%@tQQW§g%%%% 55@%%&6&%*9%8[93‘1%‘%d the VI of
the highastidinepfrtainioabiebBloweigPOpercent or more of paraffins.

5. The lubricating base oil biend of claim 1 having a kinematic viscosity at
100 degrees C between about 3 ¢St and about 8 ¢St.

6. The lubricating base oil blend of claim 1 wherein the high boiling
fraction has a boiling range above about 1050 degrees F.

7. The lubricating base oil blend of claim 6 wherein the high boiling
fraction has a boiling range above about 1150 degrees F.

8. The lubricating base oil blend of claim 1 wherein the high boiiing
fraction comprises bright stock.

9. The lubricating base oil blend of claim 1 wherein the entire iubricating base
oil has a pour point which is at least 3 degrees C below the pour point of
the low boiling fraction.

10.  The lubricating base oil blend of claim 9 wherein the entire lubricating base

-20.
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15

15. The lubricating base oil blend of claim 1 having a cloud point of O
degrees C or less. 15 -30

1.

12.

13.

14.

15,

oil has a pour point which is at least 6 degrees C below the pour point of
the low boiling fraction.

The lubricating base oil of claim 10 wherein the entire-lubricating base oil

blend has a pour point which is at least 9 degrees C below the pour point
of the low boiling fraction.

The lubricating base oil blend of claim 1 wherein the V! of the entire
lubricating base oil is higher than the VI of the low boiling fraction.

The lubricating base oif blend of claim 12 having a VI of between about
110 and about 120 and the VI of the high boiling fraction is less than 110,

The lubricating base oii of claim 12 having a V! above about 120 and the VI
of the high boiling fraction is below 120.

The lubricating base oil blend of claim 1 having a cloud point of 0
degrees C or less.
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