
A PROCESS TO MANUFACTURE A BASE STOCK AND A BASE OIL MANUFACTURING PLANT
FIELD OF THE INVENTION        This invention is directed to base stocks with defined boiling ranges,
viscosity indexes, Noack volatilities, and/or COS VIS at -25C. This invention is also directed to a base
stock slate of these base stocks, a process to manufacture these base stocks, the base stock made by
a process, and a base oil manufacturing plant. SUMMARY       In a first aspect, there is provided a
process to manufacture a base stock, comprising: a. hydrocracking a heavy hydrocarbon feedstock in
a hydrocracking zone, wherein the operating conditions in the hydrocracking zone are selected to
convert the heavy hydrocarbon feedstock to a product slate containing greater than 20 wt% of a waxy
intermediate fraction; b. separating the waxy intermediate fraction into a lower boiling fraction and a
higher boiling fraction; and c. dewaxing the higher boiling fraction under conditions whereby the
dewaxed higher boiling fraction has: i. a first boiling range from 730 to 1000F (388 to 538C), U. a first
VI from 105 to 120, iii. a first CCS VIS at - 25C from 2500 to 4500 mPa.s, and iv. a ratio of a first
Noack volatility to the first CCS VIS at -25C multiplied by 100 from 0.15 to 0.40.       In a second
aspect, there is provided a base stock, made by a process comprising: a. hydrocracking a heavy
hydrocarbon feedstock in a hydrocracking zone, wherein the operating conditions in the hydrocracking
zone are selected to convert the heavy hydrocarbon feedstock to a product slate containing greater
than 20 wt% of a waxy intermediate fraction; b. separating the waxy intermediate fraction into a lower
boiling fraction and a higher boiling fraction; c. dewaxing the higher boiling fraction under conditions
whereby the dewaxed higher boiling fraction is a base stock having; i. a first boiling range from 730 to
1000F (388 to 538C), U. a first VI from 105 to 120, iii. a first CCS VIS at -25C from 2500 to 4500
mPa.s, and iv. a ratio of a first Noack volatility to the first CCS VIS at -25C multiplied by 100 from 0.15
to 0.40.       In a third aspect, there is provided a base oil manufacturing plant, comprising: a
hydrocracking reactor, a vacuum distillation tower, and a hydroisomerization dewaxing reactor;
wherein the base oil manufacturing plant produces a first base stock having: i. a first boiling range from
730 to 1000F (388 to 538C). ii. a first VI from 105 to 120, iii, a first CCS VIS at -25C from 2500 to 4500
mPa.s, and iv. a ratio of a first Noack volatility to the first CCS VIS at -25C multiplied by 100 from 0.15
to 0.40. BRIEF DESCRIPTION OF THE DRAWING         FIGURE 1 illustrates the blending power and
efficiency that Chevron 11ORLV and Chevron 17ORLV bring to formulating 5W-XX, 10W-XX, and
15W-XX engine oils compared with Nexbase Group III base stocks. Chevron 11ORLV and Chevron
17ORLV are new base stocks with improved properties. Chevron 220R is a commercial Group II base
stock. Nexbase 3043 and Nexbase 3060 are commercial Group III base stocks. DETAILED
DESCRIPTION OF THE INVENTION Definitions:         The term "comprising" means including the
elements or steps that are identified following that term, but any such elements or steps are not
exhaustive, and an embodiment may include other elements or steps.        "Consecutive numbers of
carbon atoms" means that the base oil has a distribution of hydrocarbon molecules over a range of
carbon numbers, with every number of carbon numbers in-between. For example, the base oil may
have hydrocarbon molecules ranging from C22 to C36 or from C30 to C60 with every carbon number
in-between. The hydrocarbon molecules of the base oil differ from each other by consecutive numbers
of carbon atoms, as a consequence of the waxy feed used to make the base oil also having
consecutive numbers of carbon atoms. For example, in the Fischer-Tropsch hydrocarbon synthesis
reaction, the source of carbon atoms is CO and the hydrocarbon molecules are built up one carbon
atom at a time. Petroleum-  WO 2010/039297PCT/US2009/046895 derived waxy feeds have
consecutive numbers of to an oil based:polyalphaolefin, the molecules of a b waxy feed having
consecutive numbers of carbon atoms have a more lin     ture, comprising a relatively long backbone
with short branches. The classic textbook description of a polyaiphaolefin is a star-shaped molecule,
and in particular tridecane, which is illustrated as three decane molecules attached at a central point.
While a star-shaped molecule is theoretical, nevertheless poiyalphaotefrn molecules have fewer and
longer branches that 



the hydrocarbon molecules that make up the base oil disclosed herein. A 'basek" is a lubricant
component that is produced by a single           rer to the same specificsindependent of feed source or
manufacturer's location): that meets the same manufacturer's specification; and that is identified by a
unique formula, product identification number, or both. Base stocks may be manufactured using a
variety of different processes including but not limited to distillation, solvent refining, hydrogen
processing, oligorrierization, esterification, and rerefining.      A "base oil' is a base stock or blend of
different base stocks. it is tillable for blending with additives into finished lubricants meeting desired
specifications, 20A "base stocka product line of base stocks that have different     osities but are in h
same base stock grouping and from the same manufacturer. "Stock dewg" is a catalytic dewaxing
process wherein a separated rom a waxy hydrocarbon, having a narrower boiling range than the
hydrocarbon, is upgraded into a base stock. It is contrasted with "bulk xincr where a broad boiling
range waxy hydrocarbon is catalytically dewaxed, and wherein one or more separating steps to
produce a base stock re done following the catalytic dewaxing step, Descri n            rig range" is the 5
wt boiling point to the 95 wt%, inclusive end points, a tired by ASTM 0352-04 and referred to herein as
SimDist. A hydrocarbon with a boiling range of 700 to 900T, for example, has  WO
2010/039297PCT/US2009/046895 wri boiling point greater than 700F and a 9iling point less than
900F. "Kinematic viscosity' is a measurementthe esistance to a fluid under gravity, determined by
ASTfi,4 D44$-06, 'Viscosity index" (VI) is an empirical, unit-less number indicatin 



effect of temperature change on the kinematic viscosity of the oil, The higher the VI of an 61, the lower
its tendency to change viscosity with temperatu VI is measured according to ASTM 0 2270-04.
-Cold-cranking simulator apparent viscosity" (CCS V    asurement in millipascal seconds, mPa,s, to
measure the viscometnc properties of lubricating base oils under low temperatureand low shear. CCS
VIS is determined by ASTM D 5293-04,                                           1-Noack volatility" is defined as the
mass of oil, expressed in eight %, which is lost when the oil is heated at 250C with a constant flow of
air drawn     ugh it for 60 minutes, measured according to ASTIvl D5800-0 Procedure B. Ok 20We
have developed a base stock, comprising hydrocarbons with consecutive numbers of carbon atoms. In
one embodiment the base stock has a boiling range from 730 to 1000F (388 to 538"C); a VI from 105
to    n 120; and a Noack volatility from 6,6 to 11,5 wt%. In a second embodiment, the base stock has a
boiling range from 730 to 1000F (388 to 25 538C) a VI from 105 to less than 120; and a CCS VIS at
-25C from 2500 to 4500 mPa,s, The VI is less than 120, which keeps the base stock within the VI
limits Group Ii base oil. The VI is generally from 105 to less than 120, b other embodiments may be
from 110 to less than 120, from 113 to less than 120, or from 115 to less than 120, The Noack volatility
is generally in a range 20  and in one embodiment is from 6.6 to 11.5 wt%. In other e Noaok volatility
may be from 7 to 11 wt%, from 7,5 to -3- 3-  



WO 2010/039297PCT/US2009/046895  In some embodiments the base stock has a ratio of the Noack
volatility ,CS VIS at -25C mi. tiplied by 100 in a specdied range, The range may rn OAS to 0,40, from
0,20 to 0,35, or from 02 to 0,30.       The base stock may additionally comprise a second base stock.
one embodiment the second base stock is a Group 11 base oil. Group p 1111, and Group IV base oils
are defined in Appendix E of the API 1 specification, April 2008. A Group II base oil has greater than or
equal to 90 percent saturates and less than or equal to 0,03 percent sulfur and has a VI greatei than or
equal to 80 and less than 120, A Group base oil has 10 greater than or equal to 90 percent saturates
and less than or equal to 0,03 percent sulfur and has a Vi greater than or equal to 120. A Group IV
base oil is a polyalphaolefin.     In one embodiment the second base stock has a kinematic viscosity
40t from 40,00 to 4E00 mmis, An example of this second type of base k is Chevron 220R. In another
embodiment the second base tack is a 110 Neutral 10 Neutral base oils have a SUB viscosity at 100F
of approximately One example is ConocoPhillips 110N. Another example is a 110N" comprising
Fischer-Tropsch derived base oil, This for example may be a 20 blend of Eischer-Tropsch derived
base oil, Chevron 220R, and Ergon Hygold 100, This example is fully described in US Patent
Application No 12/047,887, ified March 13, 2008, Kinematic scosity in mm2fs at 100F can be
converted to SUS viscosity at 100F according to the arithmetic and the reference table provided in
ASTM D 21In one embodiment the 25 110 Neutral base oil has a second boiling range from 700 to
925F (371 to 496C), a second VI from 105 to 115, and a second volatility less     st%. This second
base stock is fully described in our co-filed patent application titled "A 110 Neutral Base Oil with
Improved Propertie       In another embodiment the base stock may additionally compns third base
stock. The third base stock can be a Group II base oil. In one embodiment the base stock is comprised
entirely of Group n base oil In one embodiment the base stock comprises a second base stock t has a
kinematic viscosity at 40C from 40,00 to 46.00 rnm2is and a third  base stock that is a Group II base
oil. The third base stock may have a third boiling range from 700th 925F (371 to 496*C), a third VI
from 105 to 115, and a third Noack volatility less than 18 wt%       One feature of the base stock is that
it can be blended into a wide variety of high quality finished lubricants by blending the base stock with
one dditives, Examples of finished lubricants that can be made from the 



k include engine oils, greases, heavy duty motor oils, passenger car or oils, transmission and torque
fluids, natural gas engine oils, marine lubricants, rathoad lubricants, aviation lubricants, food
processing lubricants, 10 paper and forest products, metalworking fluids gear lubricants, compressor
lubricants, turbine oils, hydraulic oils, heat transfer oils, barrier fluids, and other industrial products. In
one embodiment the base stock can be blended into a multigrade engine oil. Examples of multigrade
engine cnis that can be blend& with the base stock are 5W-XX, 10W-XX, and 15W-XX, wherein XX is
selected from the group consisting of 20, 30, 40, 50, and 60.       One advantage of the base stocks
are that they can be blended ' finished lubricants without using expensive and highly processed base
oils that are very expensive For example the finished lubricant may have less than 20 wt%, less than
10 wt%, less than 5 wt%, or no Group III or Group IV 20 base oil, Alternatively, the finished lubricant
may have less than 20 wt%, less than 10 wtt.e, less than 5 wt%, or no highly paraffinic unconventional
base oil.  Base Stock Slat  We have develo 25 and an additional base sto from 730 to 1000F (388
Maack volatility from 6.6 to to 4500 mPas, This is the  ck slate comprising a first base s The first base
stock has a first boiling range 8'C), a first VI from 105 to less than 120, a wt%, and a first CCS VIS at
-2m 2500 base stock as described earlier in his       specification, and can have alternate embodiments
within these g 30 ranges of properties as described previously.       The second base stock has an
additional boiling range from 700 to 925F (371 to 496t), an additional VI from 105 to 115, and an
additional Woad< volatility less than 18 wt%. This base stock is described in our co-filed  WO
2010/039297PCT/US2009/046895 patent application Ufied 'A 110 Neut al Base Cif with proved
Properties". In     embodiment the additional base stock has a ratio of the additional Noack volatdity to
an additional CCS VIS at 25C muftiplied by 100 from 0,80 to       In other embodiments the ratio of the
additional Noack v additional CCS VIS at -25C multiplied by 100 may be from 0,9 0.90 to 1,30, or from
1.0 to 1.30, 



In one embodiment the first base stock has a ratio of the first Noack volatility to the first CCS VIS at
-25QC multiplied by 100 from 0,15 to 0,40. In other embodiments the ratio of the first Noack volatility to
the first CCS VIS at -25C multiplied by 100 may be from 0.20 to 0,35, or from 0,25 to 0,30.       In one
embodiment of the base stock slate, the first base stock and the additional base stock are both Group
ft base oils. A base stock slate with all Group II base oils gives a technical advantage to formulators of
finished lubricants who wish to blend with all Group II base oils. This is especially an      tage for
formulators of engine oils who wish to reduce the expenses of esting required for base oil interchanges
between different groups of base Process to Manufacture Base Stock 20We provide a process to
manufacture a base stock., comprising hydrocracking, separating, and ciewaxing. The hydrocracking
is done by hydrocracking a heavy hydrocarbon feedstock in a hydrocracking zone. The hydrocracking
zone may be a reactor specifically designed for hydrocracking,  The operating conditions are selected
to convert the heavy hydrocarbon feedstock to a product slate containing greater than 20 wt%, greater
than wt%, or greater than 30 wt%of a waxy intermediate fraction. The intermediate fraction is
separated into a lower boiling fraction and a higher boiling fraction. The higher boiling fraction is
dewsxed under conditions whereby the dewaxed higher boiling fraction has a first boiling range from
730 to 1000F 30 (388 to 538C), a first VI from 105 to 120, a first CCS VIS at -25C from 2500 to 4500
mPa,s, and a ratio of a first Noack volatility to the first CCS MS at - 25C multiplied by 100 from 0,15 to
0.40.  WO 2010/039297PCT/US2009/046895 one embodiment,process also in des dewa.xing boiling
fraction under conditions whereby the dewaxed lower boiling action n additional boiling range from 700
to 925T (371 to 496 ''C), an additional VI from 105 to 115, and an additional Noack volatility less than 5
18 wt%, The dew axing lay be done by a number of different proce including hydroisomerization
dewaxing, solvent devvaxing, or a combination at An integrated process for preparing a base stock
having an ptionally high VI, including a hydroisomerization step followed by a 10 solvent devvaxing
step, is described in U.S, Patent No, 7,0741320, An 



alt nate process comprising solvent dewaxing toliowed by catalytic dewaxing is described in U.S.
Patent No. 4,622,130" HYDROCRACKING       The operating conditions in the hydrocracking zone are
selected to convert a heavy hydrocarbon feedstock to a product slate containing greater than 20 wt%,
greater than 25 wt%, or greater than 30 wt% of a waxy rmediate fraction which is upgraded to the
original base oil. In different embodiments the operating conditions in the hydroking zone can be
cted to convert a heavy hydrocarbon feedstock to a product slate containing from greater than 20 wt%,
greater than 25 wt%, greater than 30 wt%, greater than 32 wt%, or from greater than 34 wt% of a waxy
intermediate fraction. In different embodiments the operating conditions in the hydrocracking zone can
be selected to convert a heavy hydroca 25 feedstock to a product slate containingthan 60 wt%, less
than 50 wt%, less than 40 wt%. or less than 35 wit% oxy intermediate frac embodiment the operating
conditions in the hydrocracking zone a heavy hydrocarbon feedstock to a product slate containing ft
bar. 20 wt%, greater than 25 wt%, or greater than 30 wt% to less than 40waxy intermediate,
rnperature in the hydrocrac g zone W!II be within the range of 0 F (260 'C) to about 900 "F (48 'C),
such as within the about 650 T (345 C) to about 800 W (425 C). A total  WO
2010/039297PCT/US2009/046895 pressure above 1000 psig is used. For example the total pressure
can be above about 1500 psig, or above about 2000 psig. Although greater Maximum pressures have
been reported in the literature and may be operable, the maximum practicalgenerally will not exceed
about 3000 psig. Liquid hourly space velocity HSV) will usually fail within the ge of from about 02 to
about 5.0, such as from about 0,5 to about 1.5. The supply of hydrogen (both make-up and recycle)
preferably in excess of the stciichiometric amount needed to crack the target molecules and will
usually fall within the range of from about 500 to about 20,000 standard cubic        F) per barrel, In one
embodiment the hydrogen will be within the range. from about 2000 to about 10,000 SCF per barrel.
The catalysts used in the hydrocraoking zone are composed 



and synthetic materials having hydrogenation and dehydrogen ti These catalysts are pre-selected to
crack the target molecules and produce the desired product slate, The hydrooracking catalyst is
selected to convert a heavy hydrocarbon feedstock to a product slate containing a commercially
significant amount of a waxy intermediate traction which will be upgraded to the original base stock.
Exemplary commercial cracking catalyst generally contain a support consrsbng of alumina, sthca
sthcaalumtna 20composites,silica-alumina-zirconia composites, silica-alurm composites, acid treated
clays, crystalline aluminosilicats zeolitic molecular is zeolite A, faujasite, zeolite X, zeolite Y. and vario
inations of the above. The hydrogenation/dehydrogenation components generally consist of a metal or
metal compound of Group Vtil or Group VIE of 25 the periodic table of the elements., Metals and their
compounds such as, for example, cobalt, nickel, molybdenum, tungsten, platinum, palladium and
combinations thereof are known hydrogenation components of hydmcracking ts, SEPARATING
Separating is done by distifiatiom in one embodiment the lower boiling n and higher boiling fractions
are separated by carefully controlled vacuum distillation having a tower top temperature,bottom  WO
2010/039297 temperature, selected to ci PCT/US2009/046895  ier top pressure and a tower bottom
pressure tnat are nly separatehydrocarbons in the waxy intern di in temperaturt Various different types
of vacuum  distillaflon control systems may be employed, such as those taught in U.S. Patent Nos.
3,365,386, 4,617092, or 4,894,145; in order to provide he highest yields of desired fractions and exact
cut points.       In one embodiment of the process, the higher boffin bottoms fraction from the
separating step. The lower boilin distillate side cut, 10 SOLVENT DEWAX 



mbodirnent solvent dewaxing is used to de wax the lower boiling or ther boiling frachons Solvent
dewaxmg to make base oils has been used70 years and is described, for example, in Chemical
Technology of Petroleum, 3rd Edition, Wiliam Gruse and Donald Stevens,        v-Hill Book Company,
Inc., New York, 1960, pages 566 to 570, The basic process involves: mixing a waxy hydrocarbon
stream with a s Iv nt chilling the mixture cause waxcrystals to precipi 20* separating the wax by
filtration, typically using rotary drum filters, * recovering the solvent from the wax and the dewaxed oil
fit       The solvent can be recycled to the solvent dewaxing process. The solvent may comprise, for
example, a ketone (such as methyl ethyl ketone or methyl iso-butyl ketone) and an aromatic (such as
toluene). Other types of    able solvents are 03-C6 ketones (e .g. methyl ethyl ketone, methyl isobutyl
ketone and mixtures thereof), C6-C10 aromatic hydrocarbons (e .g. toluene), ures of ketones and
aromatics (e.g. methyl ethyl ketone and toluene)    orefrigerative solvents such as liquefied, normally
gaseous C2-C4 hydrocarbons such as propane, propylene, butane, butylene and mixtures thereof. A
mixture of methylyl ketone and methyl isobutyl ketone can also be used.       ThEre have been
refinements in solvent dewaxing sinceinception. For example,Exxon's DIL.CHILL dewaxing process
involvescooling a waxy  WO 2010/039297PCT/US2009/046895 hydrocarbon oil stock in an elongated
stirred vessel, preferably a vertical tower, with a pre-chilled solvent that will solubilize at least a portion
of the oil stock while promoting the precipitation of the wax. Waxy oil is introduced into the elongated
staged cooling zone or tower at a temperature above its cloud point. Cold dewaxing solvent is
incrementally introduced into the cooling zone along a plurality of points or stages while maintaining a
high degree of agitation therein to effect substantially instantaneous mixing of the solvent and wax/oil
mixture as they progress through the cooling zone, thereby precipitating at least a portion of the wax in
the oil, DILCHILUD dewaxing is discussed in greater detail in the US, Patent Nos. 4,477,333,
3,773,650, and 3,776,288. Texaco also has developed refinements in the process. For mole, U.S.
Patent No. 4,898,674 discloses how it is important to control    ratio of methyl ethyl ketone (IvIEK) to
toluene and to be able to adjust this ratio, since it allows use of optimum concentrations for processing
various 



15 base stocks. Commonly, a ratio of 0,7:1 to 1:1 may be used when processing bright stocks; and a
ratio of 121 to about 2:1 may be used when processing tight stocks.       The wax mixture is typically
chilled to a temperature in the range of from -10 C. to -40* C, or in thege of from -20 C. to -35 C, to
cause 20 the wax crystals to precipitate. Separating the wax by filtration may use a filter comprising a
filter cloth which can be made of textile fibers, such as cotton; porous metal cloth; or cloth made of
synthetic materials.       In one embodiment, the solvent dewaxing conditions will include that amount
of solvent that when added to the waxy hydrocarbon stream will be 25sufficient to provide a liquid/solid
weight ratio of about 5:1 to about 20:1 at the demxing temperature and a solvent/oil volume ratio
between 1,5:1 to 5:1, HYDROISOMERIZATION DEWAXING In one embodiment, hydrolsomerization
dewaxing is used to dewax the 30 lower boiling or higher boiling fractions. The hydroisomerization
dewaxing is achieved by separately contacting the waxy intermediate fractions with a
hydroisomerization dewaxing catalyst in an isomerization reactor under hydroisomerization dewaxing
conditions. In one embodiment the  WO 2010/039297PCT/US2009/046895 hydroisomerization
dewaxihg catalyst comprises a shape selective intermediate pore size molecular sieve, a noble metal
hydrogenation component, and a refractory oxide support. Examples of shape selec intermediate pore
size molecularinclude SAP0-11, SAPO-31, SAPO-41, SM-3, SM7, ZSM-22, ZSM-2 ZSM-35, 2$M-48,
ZSM-57, SSZ-32, SSZ-32X, metal modified SSZ-32X, offretite, frrierite, and i4,ombinations thereof.
86Z-32X and metal modified ssz-nx. are described in U.S. Patent Publication U820080083657A1,
SM-7 is described in US. Patent Application No 121181652, filed July 29, 2008,      The
hydroisomerization dewaxing conditions include temperatures of 260C to about 413C, a total pressure
of 15 to 3000 psig, and a hydrogen to feed ratio from about 05 to about 30 MSCFIbbl, In some
embodiments the hydrogen to feed ratio will be from about 1 to about 10 MSCF/bbl, about 4 to about 8
MSCF/bbl. One example of a su4able upgrading process is described in US, Patent No 64337,010,
where the isomerization of the waxy intermediate feedstock is carried out at a lower total pressure than
the hydrocracking operation, HYDROFINISHING Optionally, the base stook produced by the dew 'frig
may be 



hydrofinished., The hydrofinishing may occur in one or more steps, either before or after the
separating,. The hydrofinishing is intended to improve the oxidation stability, UV stability, and
appearance of the base stock by removing 25 aromatics, olefins, color bodies, and solvents. A general
description of hydrofirushing may be found in U.S. Patent Nos. 3,852,207 and 4,673,487,           ne
embodiment, the overall LHSV during hydrofinishing is about 0.25 to 2.0, or about 0.5 to 1.0. The
hydrogen partial pressure can be greater than 200 psia, such as ranging from about 500 psia to about
2000 psia" 30 Hydrogen recirculation rates can be greater than 50 SCF/Bbl, for example between
1000 and 5000 SCFIShl" Temperatures can range from about 149*C to about 399C (300F to about
75019, such as from 232C to 316C (450F to 600QF).. Suitable hydrofinishing catalysts include noble
metal from  WO 2010/039297PCT/US2009/046895 Group VIM acording to the 1975 rules of the
International Union of Pure and Applied Chem}such as platinum or palladium on anina or            rix,
and unsulfided Group VillA and Group VIB metals, such as nickel-molybdenum or nickel-tin on an
alumma or siliceous matnx U.S. Patent No. 3,852.207 describes a suitable noble metal catalyst and
mfld condttions, Other suitable catalysts are described, for example, in li,S, Patent No. 4,157,294, and
U.S. Patent No, 3,904,513. The non-noble metal (such as nickel-molybdenum and/ortungsten) Mains
at least about 0.5, such as about Ito about 15 weight 10 percent nickel and/or cobalt determined as the
corresponding oxides, The noble metal (such as platinum) catalyst contains in excess of 0.01 percent
metal, such as between 0.1 and 1.0 percent metal, Combinations of noble metals may also be used,
such as mixtures of platnum and palladium, ck b P        We provide a base stock made by the process
comprising hydreoracking, separating, and hydroisomerization dewaxing, as descnbed previously En
general, the hydrocracking hydrocracks the heavy hydrocarbon feedstock in a hydrocracking zone,
The operating conditions in the 20 hydrocracking zone are selected to convert the heavy hydrocarbon
feedstock to a product slate containing greater than 20 wt%, greater than 25 wt%, or greater than 30
wt% of a waxy intermediate fraction. The waxy intermediate fraction is separated into a lower boiling
fraction and a higher boding'o The higher boiling fraction is hydroisomerization dewaxed under cond
25 whereby the dewaxed higher boiling fraction is the base stock. The ba stock has a first boiling
range from 730 to 1000F (368 to 53&C),first VI 



105 to 120, a first CCS V1S at -25C from 2500 to 4500d a ratio of a first Noack volto the first CCS VIS
at -25C multiplied by 100 from 0.15 to 0.40. In one embodiment the base stock is made by a process
additiona ding dewaxing of the lower boiling fractions, The dewaxing conditions ed such that a
dewaxed lower boiling fraction is produced havin  WO 2010/039297PCT/US2009/046895 additional
boiling range. from 700F (3 71 to 490C), and additional VI ran 105 to 115, and an additional Maack
volatility less than 18 wt%. In one embodiment the dewaxed lower boiling fraction has a ratio of
dditional Noack volatility to an additional GCS \AS at -25C multiplied by       m 0,80 to t55 The higher
boiliny be a bottoms fm from the separating step. The lower boiling fraction is a distillate side-cut Base
Oil ManufacturinqP 10We provide a base oil manufacturing plant, cmpnsrng a hyd          vacuum
distillation tower, and a hydroisomerization reaotoi base ad manutactunrhj plant produces a first base
stock having a that b range from 730 to 1000F (388 to*C), a first VI from 105 to 120, a first CCS VIS at
-25`C from 2500 to 4500 mPas, and a ratio of a first Noack volatility to the first CCS VIS at -25'C
multiplied by 100 from 0.15 to 0.40. The base ad manufacturing plant may also produce an additional
base stock g an additional boiling range from 700 to 9251: (371 to 496' additional VI from 105 to 115,
and an additional Noack volatility le    



of a waxy intermediate fra In one embodiment the vacuum distillati waxy  25 intermediate fraction from
the hydrocracking reactor into a. lower boiling         rd a higher boiling fraction, The lower boiling
fraction may be block dewaxed in the hydroisomerization dew-axing reactor to produce the first base
stock, The higher boiling fraction may be block dewaxed in the hydroisomenzation dewaxing reactor to
produce the additional base stock, in 30 some embodiments block dewaxing can give better yields and
higher VI than bulk dewaxing a broader boiling feedstock. In one embodiment the vacuum distil ation
tower follov citing reactor,  WO 2010/039297PCT/US2009/046895 In one embodiment the base o
manufacturing plant produces the additional base stock having ratioadditional Noack volatility to an
additional CCS %/IS at -25C 0,80 to 1.55, Optionally, the first base stock has a ratio of the first Noack
volatility to the first CCS VIS at -25C multiplied by 100 from 010 to 0,3$.    In one embodiment, the first
base stock and the additional bas both Group il base oils. In one embodiment the hydroisomerization
catalyst comprises a shape                  intermediate pore size molecular eve. Examples of these are 10
APO-11, S'AP0-31, SAPO-41, sm-3, SM-7, ZSM-22, ZSM-23, ZSM45, ZSM-57, SSZ-32, SSA-32X,
metal modified SSZ-32X, offretite, and combinations thereof. the purposes of this specificalionand
appended clams, unless ise indicated, all numbers expressing quantities, percentages or 15
proportions, and other numerical values used in the specification and clal are to be understood as
being modified in all instances by the terrn "about Furthermore, al ranges disclosed herein are
inclusive of the endpoints and are independently combinable. Whenever a numerical range with a
lower nd an upper hmrt are disclosed, any number falling whin the range " 20 So specifically disclosed.



Any term, abbreviation or shorth d not defined is understood to have rdinary meaning used by a
perkilled in the art at the time the application is filed. The singular formsn," and 'the," include plural
references unless expressly and unequivocally limited to one instance.       All of the publications,
patents and patent applications cited in this application are herein incorporated by reference in their
entirety to the same extent as if the disclosure of each individual publication, paapplication or patent
was specifically and individually indicated to be incorporated by reference in its entirety. This written
description uses examplesdisclose the inv     ding the best mode, and also to nable any person skilled
in the make and use the invention. Many modifications of the exemplary merits of he invention
disclosed above will readily occur to those  skilled in the art, Accordingly,invention is to be _nd as
including all structure and methods that fail within the scope of the appended Sims, EXAMPLES
Example 1      A few different samples of Chevron 170RIN base stock were made by hydrocracking
and separating (by vacuum distillation) the waxy intermediate product from the hydrocracker into a
heavy fraction and a light fraction. The hydrocracking conditions in the hydrocracking reactor were
selected to 10 convert vacuum gas oil to a product slate containing between 30 wt% and 40 wt% of a
waxy intermediate fraction. After separating, the heavy and light     ions were block dewaxed using a
hydroisornerization dewaxing catalyst comprising an intermediate pore size magnesium metal
modified SSZ-32X molecular sieve, a platinum hydrogenation metal, and an alumina hinder, 15The
average properties of the Chevron 17ORLV base stock and the Chevron 11ORLV base stock that
were produced are shown below, in Table I:  Table I Property 



I1ORLV Base Oil 170FUN Base Oil Viscosity Index 112 118 SimDist (Wt%), 5 713 744  727 770 20
745798 30 760 817 40 773 831 



50 785 845 60 797 869 70 810 875 80 825893 90 844919 95 859941 99,5 907i994   L._ Kinematic Vis
@,100C, m 



4.381        8.1 1  Noack Volatility, wt% 16.218.8 CCS VIS at -25C, mPa.s 13673250 Noack Volatility /
COS VIS at 119 0.27 -25C X 100    Example 2:         Others have manufactured base stocks having a
boiling range of 730 to 1000F. Three examples are Yubase 4, Yuhase 6, and Shell XtiVI 4,0, Some
properties of these oils are shown below in Table U.  Table        All three of these base stocks are
expensive to manufacture and purchase. Yubase 6 and Shell XIIVI 4,0 are Group ID base oils, Yubase
4             Noack volatility to CCS VIS at -25C that is higher than is desired for optimal blending. If
Abase 4 were added to the chart in FIGURE 1 youthat although its Noack volatility is close to the 10
requirements for a 5W-XX engine oil. its CCS VIS at -25C is much lower than is necessary, which
leads to blending inefficiency and excess cost. 



Exampte Five different Group III base stocks were tested and four properties as shown in Table IlL
These different Group III base stocks are those that are often used in blending with Chevron 220R, or
other Group II base oils, to meet the Noack volatility and CCS VIS at -25C requirements for multigrade
engine oils.  WO 2010/039297PCT/US2009/046895 Table Property SR SK-4 SK-6 Nexbase 3043 122
Nexbase 129 Vscosty Index 117 122 131   Kinematic r @100C, mm2is 



4,7 4,23 852 4,33 6 Noack Volatility   14A  CCS VIS at -25C, mPas 1551 988 2845 10562456
Group Ut base oils are typically more expenSive to manufactureand purchase than Group U base oils.
Also when they are used in engine oils they require additional testing to meet base oil interchange
guidelines. Era       The chart shown in FIGURE 1 was preparedby selecting different pairs having a
first base stock and a second base stock) of petroleum derived Chevron base stocks, measuring the
CCS VIS at -25C and the Noack volatility of each base stock and plotting the points (a first point and a
second point) on a x-y chart. Blends of the paired Chevron base s made in varying proportions and the
CCS VIS at -25C and the Noac volatility of each of the blends were measured and used to construct a
cu connecting the first and second points, For comparison, different pairs between Nexbase 3043,
Nexbase 3060, and Chevron 220 were plotted, blended, and cutyes constructed in the same manner
as the paired Chevron 



20 base stocks. Base oil requirements r 5W, 10W, and 15W engine os wet by rti g the points
representing the COS VIS at 25C and the Noaoiatility of current commercial engine oils that meet aft
requirements These were added to the chart as small squares and the general regions for 25 10W-XX,
and 151N-XX were labeled.         As can be seen by the chart shown in FIGURE 1, the curves
between 11ORLV and 17ORLV fell exactly in the region for 6W -XX engine oils. This gave a ad
prediction that the 5W engine oil requirements could be met with a blend of only these two base
stocks, and not requiring any trim stock. The curves between 11ORLV and Chevron 220R fell exactly
in the region for i*V-XX engine oils. This gave a good prediction that the 10W engine oil requirements
could be met with a blend of only these two base stocks, and not requiring any trim stock. It a 10W-XX
engine oil were desired having either or both of a lower CCS \PIS at -25C or a lower Noack volatility,
then 10 blending in a third base stock of Chevron 17ORLV would be perfect. FIGURE 1 also shows
that the Chevron 220R could be blended directly into a I 5W-XX engine oil without a second base
stock or trim stock. If a 15W-XX engine oil were desired having a lower CCS VIS at -25'C, then a
simple blend of Chevron 220R with a small amount of Chevron 11ORLV would meet these
requirements. If a 15W-XX engine oil were desired having a lower Noack volatility, then a simple blend
of Chevron 220R with a small  mount of Chevron 17ORLV would meet these requirements. There are
advantages to being able to blend all three of SW, 10W, and 15W grade engine oils without using any
Group Ill base oil. The advantages include 20 reduced base oil cost, easier base oil interchange, less
engine testing, and better blending efficiency.        Blending efficiency is demonstrated by the smaller
area encompassed by the curves between the Group U base oils in FIGURE 1, and the closeness of
the curves to the base oil requirements for the 5W, 10W, and 15W engine 25 oils, With Chevron
110RIN and Chevron 17ORLV we could meet 5W, 10W, and 15W formulation requirements without
incorporating any Noack/CCS overkill like the system with Group Ili base stocks did, FIGURE 1 also
shows the relative flexibility and stability of a base stock slate with Chevron 11ORLV and Chevron
17ORLV, Le., if a new formulation requirement comes out that is more stringent, we will most likely not
have to make drastic changes to get to that point. In other words, the Group III-based system would
require more compositional changes, such as addition of other trim stocks, or different additives.  WE
CLAIM:  1. A process to manufacture a base stock, comprising: 



a. hydrocracking a heavy hydrocarbon feedstock in a hydrocracking zone, wherein the operating
conditions in the hydrocracking zone are 5selected to convert the heavy hydrocarbon feedstock to a
product slate containing greater than 20 wt% of a waxy intermediate fraction; b. separating the waxy
intermediate fraction into a lower boiling fraction and a higher boiling fraction; and          c. dewaxing
the higher boiling fraction under conditions whereby the 10dewaxed higher boiling fraction has:
i. a first boiling range from 730 to 1000F (388 to 538C), ii. a first VI from 105 to 120, iii. a first CCS VIS
at -25C from 2500 to 4500 mPa.s, and             iv. a ratio of a first Noack volatility to the first CCS VIS
at -25C 15multiplied by 100 from 0.15 to 0.40. 2. The process of claim 1, including dewaxing the lower
boiling fraction under conditions whereby the dewaxed lower boiling fraction has: i. an additional
boiling range from 700 to 925F (371 to 496C), U. an additional VI from 105 to 115, and 20i. an
additional Noack volatility less than 18 wt%. 3. The process of claim 2, wherein the dewaxed lower
boiling fraction has a ratio of the additional Noack volatility to an additional CCS VIS at -25C multiplied
by 100 from 0.80 to 1.55. 4. A base stock, made by a process comprising: 25a. hydrocracking a heavy
hydrocarbon feedstock in a hydrocracking zone, wherein the operating conditions in the hydrocracking
zone are selected to convert the heavy hydrocarbon feedstock to a product slate containing greater
than 20 M% of a waxy intermediate fraction;          b. separating the waxy intermediate fraction into a
lower boiling fraction 30and a higher boiling fraction; c. dewaxing the higher boiling fraction under
conditions whereby the dewaxed higher boiling fraction is a base stock having; i. a first boiling range
from 730 to 1000F (388 to 538C), 



105 to ;20, st CCS VIS atC from 2500 to 4500 mPas, and first Noack volatility to the first CCS VIS
-25'C iplied by 100 from 015 to AO, 5, The base ad of clam 4, made by a process additionally corn
clewaxing the lower boiling fraction under conditions whereby a dewaxed boiling fraction is produced
having: a, an additional boiling range from 700 to 925F (37496C), b. an additional VI from 105 to 115.
and an additional Noack volatility less than 6. The base oil of claim 5.. vvherein the dewaxed lower
boiling fraction haz ratio of the additional Noack volatility to an additional CCS VIS at - multiplied by
100 from 0,80 to 1 7, A base oil manufacturing plant, comprising: a hydrocracking reactor, a vacuum
distillation tower, and a hydroisomerization dewaxing reactor; the base oil manufacturing plant
produces a first base stock having:     boiling, range from 730 to I 000T (388 to 538t), first VI from 105
to                  CCS 'OS at -25C from 2500 to 4500 mPa.s, and Noa k volatility to the first CCS VIS at
-25' ty 100 from 015 to GAO, 8, The base oil manufacturing plant of claim 7, wherein he base oil
manufacturing plant produces an additional base stock having:       additional boiling range from 700 to
925T (371 to 496C), b. an additional VI from 105 to 115, and additional Noack volatility less than 18
wt%. 9. The base oil manufacturing plant of claim 7, wherein an operating conditions in the
hydrocracking reactor are selected to convert a heavy hydrocarbon feedstock to a product slate
containing greater than 20 wt% of a waxy intermediate fraction, 10,The base oil manufacturing plant of
claim 9. wherein the va u distillation tower separates the waxy interniethate fraction from the  WO
2010/039297PCT/US2009/046895 



hydrocracking reactOr intower boil.ng fraction that is block dewaxed in  the hydroisomerization
demxing reactor to produce the first base stock. 11 The base oil manufactunng plant of claim 7,
wherein the vacuum distillation tower follows the hydrocracking reactor, 12, The base oil
manufacturhig plant of claim 9, wherein the v distillation tower separates the waxy intermediate
fraction from the hydrocracking reactor nto a Pugher boiling fraction that is block dewaxed in the
hydrolsomerization dewaxing reactor to produce the additional base stock, 10 13 The base oil
manufacturing planh ein he additional base stook has a ratio of the additional Noack voatRty to an
additional CCS VS at -25C from 14. The base oil rnam4acturingplant of claim 7, wherein the first base
stock has a ratio of the first Noack volatility to the first COS VIS at -25t multiplied by 100 from 0,20 to
0.36, 15, The base oil manufacturing, plant of claim 8, wherein the first base stock and the additional
base stock are Group II has 20 25 


