METHOD OF ANALYZI NG BASESTOCKS FOR LOW TEMPERATURE PROPERTI ES FI ELD OF THE
| NVENTI ON [ 0001] This invention relates to a nethod for analyzing a

| ubri cat iwgQ 200d/0s5#bbe net hod utilizes 2-di nensional gas ebrasatsgsephy (2D
GC) to determ ne the anmobunts of paraffins and isoparaffins in the oil. The
conpositional information thus obtained is used to calculate a Paraffin

I ndex and the Paraffin Index correlated with fornulated oil Mni Rotary

Vi sconmeter (MRV). BACKGROUND OF THE | NVENTI ON [ 0002] Mbdern industry
standards are placing increasing demands on the | ow tenperature performance
of engine oils. The | ow tenperature performance of fornul ated engine oils
can be inproved by inproving the base oil, by inproving the additives used
in formlating tﬁﬁn@b'opﬁmﬂﬁmm%‘f‘s s?%ésegBﬁrL%E«FLfﬁaPBﬁzQHﬁa%t bﬁ&m}%&:ﬁfse oils
may al so be inproved by using a synthetic base oil such as a poly-al pha
olefin (PAO). [0003] The |ow tenperature properties of any oil are

i nfl uenced t &Eﬁ£10= Q es such as long chain paraffins. These

mat eri al s arFe—thotght—to—+torhrwaoe crystals at | ow tenperatures. These wax
materials in turn adversely affect the fluidity of the oil thus causing a
deterioration of |ow tenperature properties. It is common practice to at

| east parti[@001] r €Buy;visatign reddtes foad method folbawbing & bvizategaiki ige Dewaxi ng

can be acconplishe 1ze2yZ-gilrrEer1]1§1ronglogla\é%ﬂ%on%{togr%%)ﬁyll 212% G dBtermine the

amounts of paraffins and isoparaffins in the oil. The compositional information

thus obtained is used to calculate a Paraffin Index and the Paraffin Index correlated

with formulated oil Mini Rotary Viscometer (MRV).

BACKGROUND OF THE INVENTION

[0002] Modern industry standards are placing increasing demands on the low
temperature performance of engine oils. The low temperature performance of
formulated engine oils can be improved by improving the base oil, by improving
the additives used in formulating the oil or both. The low temperature properties
of base oils may also be improved by using a synthetic base oil such as a poly-alpha

olefin (PAO).

[0003] The low temperature properties of any oil are influenced by the presence
of waxes such as long chain paraffins. These materials are thought to form wax
crystals at low temperatures. These wax materials in turn adversely affect the
fluidity of the oil thus causing a deterioration of low temperature properties. It is
common practice to at least partially remove waxy materials from basestocks by
dewaxing. Dewaxing can be accomplished by either solvent or catalytic means.
Solvent dewaxing is a physical method in which waxy molecules are separated

based on their solubility properties in select solvents. Catalytic dewaxing



Sol vent dewaxing is a physical nmethod in which waxy nol ecul es are separat ed
based on their solubility properties in select solvents. Catalytic

dewaxi ngowerm@alsk4poconverts t he waxy nol ecul es t o ot her pomiuseasesiznhat have
better |ow tenperature properties. Catal ytic dewaxi ng may occur by cracking
waxy nol ecul es or by isonerizing waxy nol ecul es. [0004] Another approach
typically used in conjunction with dewaxing is the addition of additives
such as pour point depressants as part of an additive package added to the
| ubricating oil basestock to forma for2vul ated oil. Pour point depressants
are generally polymeric materials that inprove the fluidity of an oil,

i.e., they reduce the pour point. However, any given pour point depressant

W Il have aheinfdaflfy@Bhvdritfthe A% nledull® tHQter BR1SSulSlaRSNHVEBeRd) Ibe nature
of the oil in question. Wile a given pour point depressant may be

ef fective itemperetusé propertiegafatpdytiondeifagtd may pecuabytdneakingTwexy it is
necessary tolte t t\r)gylow t.errgeraturi ol ool erties of an oil to know the

i nfluence &° 8ﬂ'§esg VeSS YR évaf%&o aeu ontai ning a pour point depressant.
[ 0005] One nethod for determining | ow tenperature punpability of an engine

oil is based on the Mni Rotary Visconeter (MRV). Qther neans of neasuring
the | ow t edP@dt urnghapwpriaeh tysficalyfusedrin eandanasion witte devdaximg tscké i el d

Vi scosity, ni ookfield Viscosj Col.d Crankjn j.joul at or test
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provide information as to the

depressants are generally polymeric materials that improve the fluidity of an oil,

i.e., they reduce the pour point. However, any given pour point depressant will

have a different influence on the pour point depending on the nature of the oil in

question. While a given pour point depressant may be effective in one oil, it may be

ineffective in another. Thus, it is necessary to test the low temperature properties

of an oil to know the influence of any given additive package containing a pour

point depressant.

[0005] One method for determining low temperature pumpability of an engine
oil is based on the Mini Rotary Viscometer (MRV). Other means of measuring the
low temperature properties of a formulated oil include Brookfield Viscosity,
Scanning Brookfield Viscosity, Cold Cranking Simulator test (CCS) and Pour
Point. While these test methods may yield information about the low temperature
properties of any give oil, they do not necessarily provide information as to the

compositional features of that oil.

[0006] Various physical techniques have been developed to investigate the
composition of crude oils and fractions thereof, including Fourier Transform
infrared spectroscopy (FTIR), liquid chromatography, gas chromatography (GC),

nuclear magnetic resonance (NMR), and mass spectrometry (MS). Due to the



conpositional features of that oil. [0006] Various physical techniques have
been devel oped to investigate the conposition of crude oils and fractions

t her eof , wocbesdissoFouri er Transform infrared spectroscepy/USEismRY1206 i qui d
chr omat ogr aphy, gas chromat ography (GC), nucl ear nmagnetic resonance (NWR),
and mass spectronetry (Ms). Due to theconplexity of petroleum m xtures such
as crudes, no technique is capable of providing precise conpositional
details of all the individual nolecul es making up the petrol eum m xture.

[ 0007] GC/ M5 nethods use GC to at |east3-partially separate a m xture into
conponents thereof and M5 is then used to identify the conponents.
Petrol eum m xtures are very difficult to resolve into individual conponents

due to the qaifM:eN dipeablduftmMited kesh ANduddiens tddhhidte ﬁseéa?aslieq)@ times of

many i ndi vi dual nol ecul es under ?IVQH GC conditions.” [ 0008] Two-di mensi onal
gas chr onatiayidingpredss @oypositicnal éeaity off dkthairdividuplanoleaslebewkingapel oped as

a high res%u ci:t(r)rle Itn%g( ative to conventional GO M techniques. In 2D GC, a
sanple is subfect ed ' ) sequential chronmatographic separations. The

first separation is a partial separation by a first or primary separation
colum. The Bartiall&ﬂseparated conponents are then injected into a second
or secondarl{V¢d| urfCIME meethedsyusa ffetayas 1¢ast partinlly sgparate pomxtuTh&xto wo col unms

usual | y have diff t I Lvities to achieve the desire egree of
separ at i on.C%Ker 039(@%%?% eoﬁ%@%&&f ﬁ?ﬁ uf)eéio thg‘?Pal ﬁlelf.og?polgﬁP@n% eggl%ugl, 169, 039.
mixtures are very difficult to resolve into individual components due to the
complexity of the mixtures and the similar retention times of many individual

molecules under given GC conditions.

[0008] Two-dimensional gas chromatography (2D GC) is a recent technique that
has been developed as a high resolution alternative to conventional GC/MS
techniques. In 2D GC, a sample is subjected to two sequential chromatographic
separations. The first separation is a partial separation by a first or primary
separation column. The partially separated components are then injected into a
second or secondary column where they undergo further separation. The two
columns usually have different selectivities to achieve the desired degree of

separation. An example of 2D GC may be found in U.S. Patent No. 5,169,039.

[0009] It would be desirable if the chromatographic separation information on
molecular composition available from 2D GC could be correlated with low

temperature viscometric properties of formulated oils.



[0009] It would be desirable if the chromatographic separation information
on nol ecul ar conposition available from 2D GC could be correlated with | ow
t enper at LWe 20063549t ri ¢ properties of fornul ated oil s. SBEVARY08HB4EHE

| NVENTI ON [ 0010] This invention relates to a process for predicting the

M ni Rotary Visconeter (MRV) properties of a wide range of fornulated oils,
preferably for use in passenger car internal conbustion engi nes which
conprises: (a) injecting a basestock sanple into a first colum of a

2-di mensi onal gas chromat ograph, said f4-rst columm being coated with a
non-pol ar material to separate the basestock sanple into a series of first
di mensi on sanpl e conponents having a first set of retention tines; (b)
injecting CEVIMARYOITHE NVENTON on sanpl e conponents from step (a)
into a second colunm coated wth a sem -polar material to further separate
the separated first dinmension sanple conponents into second di nension

sanpl e co ts Ravin second set of retent.ion tines:. subj ecti ng
the first nﬁﬁ@lﬁgeco sggt%gﬁ% re?ag?setﬂtai RBROEP ﬁ%rspr?%lcﬁ%f}}e{@ﬂl\}é&%xal ysis to
identify n-\ngéchdten (MliVl)%?ogféﬁiq@f&flaﬂniqeﬁfﬁ%@%!ﬂfémﬁﬂa@ﬂ oup|preerdbhef@@ke and to
quantitative analysis to identify the quantl.té of the n-paraffin conponents
and i so- pariappisangesiepointenal combysioerpenmsestwice epmhtsdsng car bon numbers in
the |ubric . 2?@%%@%;&%%%@& sdifhle HrSURNohiR%n BRY 31 il GOIRGASNT S Tnto X

gr oupi ngs

chromatograph, said first column being coated with a non-polar material to
separate the basestock sample into a series of first dimension sample
components having a first set of retention times;

(b)  injecting the separated first dimension sample components from step (a) into
a second column coated with a semi-polar material to further separate the
separated first dimension sample components into second dimension sample
components having a second set of retention times;

(c)  subjecting the first and second sets of retention times to qualitative analysis
to identify n-paraffin and iso-paraffin components or groupings thereof and
to quantitative analysis to identify the quantity of the n-paraffin components
and iso-paraffin components or groupings thereof having carbon numbers in
the lubricant basestock range;

(d)  grouping iso-paraffin components into x groupings where x is a number
from O to 3 for each identified individual lube paraffin in the carbon number
range from 16 to 50;

(e)  selecting a lower carbon number n and an upper carbon number m;

(f)  identifying the n-paraffin and a first, second and third iso-paraffin group A,
B and C for each individual carbon number over the range from n to m;

(g) calculating a Paraffin Index over a given carbon range bounded by a lower
carbon number, n, and an upper carbon number, m, wherein the Paraffin

Index is calculated by:



fromO to 3 for each identified individual |ube paraffin in the carbon
nunber range from 16 to 50; (e) selecting a | ower carbon nunber n and an
upper carworroowusb®p m (f) identifying the n-paraffin ardrasteosssi2zoeecond
and third iso-paraffin group A, B and C for each individual carbon nunber
over the range fromn to m (g) calculating a Paraffin |Index over a given
carbon range bounded by a | ower carbon nunber, n, and an upper carbon
nunber, m wherein the Paraffin Index is calculated by:Paraffin Index =y n
araffm+ (lso P*affnms group A)L J (Totaj-paraffns)L Where L is the carbon
nunber of the each identified paraffins over the carbon range fromn to m
in the baseoil sanple. (n-paraffin) L is the anount of the normal paraffin

at each individual carbon nunber ., (LseraLabdlAsrBaQuH, is the amount of
i so-paraf fns @nﬁamfﬁntlmeAéﬂwﬂ%% unber, and
(Total paraffins)L is the sumof n- paraf( i T loparaffn groups A, B and

C at each indi VWH%E Lcl§rt Ehrﬂ ber(df)thé@d%ﬁfi&érﬁi%ea Pihddver tha) for a
series of basestoc sanp nmeasuring the MRV for a series of

f or mul at ed basestibok ra;@qﬂrm n t()jn)l impthetbasangl sampdal (egatdlin)pfis thweimcnmtml at ed

basest ock sanpl es versus Paraffin |Index. f basest oc Ies produce a
plot having a slobfie nognalpgrabii atsach ‘f‘ 13} par Qﬂc‘jm(‘{bf 2g%)c1?ﬁr Mg the

predi cted MRV usihg, AN&s aahbditof NV parafis(Rarmbt loup A at each individual

carbon number, and (Total paraffins); is the sum of n-paraffin plus iso-

paraffin groups A, B and C at each individual carbon number;

(h)  repeating steps (a) - (g) for a series of basestock samples;

(1) measuring the MRYV for a series of formulated basestock samples;

()  plotting measured MRV of the formulated basestock samples versus Paraffin
Index of basestock samples to produce a plot having a slope (a) and an
intercept (b); and

(k)  calculating the predicted MRV using the equation: MRV = (a)(Paraffin
Index) - (b).

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  Figure 1 is a graph showing a 2D GC of a typical 130N lube raffinate

sample.

[0012]  Figure 2 is a 2D GC (GCxGC) chromatogram of the feedstock of
Example 1.

[0013]  Figure 3 illustrates the correlation plot between the Paraffin Index and

measured formulated baseoil MRV for trim dewaxed baseoil.



I ndex) - (b). BRI EF DESCRI PTION OF THE DRAW NGS [ 0011] Figure 1 is a graph
showi ng a 2D GC of a typical 130N |ube raffinate sanple. [0012] Figure 2 is
a 2D GC (veoe@)ossiwomat ogram of the feedstock of Exanpl eCcT/usp@3n8i206-i gure 3
illustrates the correlation plot between the Paraffin I ndex and neasured
fornul ated baseoil MRV for trim dewaxed baseoil . DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0014] The basestocks used to fornulate engine oils are typically
derived frompetroleumdistillates having a 10% distillation point greater
than 270Q0C (5180F) and a 95%distillati-®n point |ess than 621 0C ( 115Q0F)
measured by ASTM D 86 or D 2887. Because these distillates frequently
contai n undesirable quantities of sulfurand/ or nitrogen-containing

cont am nantyETATY FRDERC R MON X THCINVENY@GNt reated, or both, prior to
further processing. € Lerns aseol T~ and " basest ock"” are used
interchangeably herein. [0015] The solvent extraction process selectively

di ssol ves t onen extract. le le t he
nore par af f[p nﬁb%ﬁf’éﬁé%naﬁsﬁlsﬁéfaﬁopﬂﬁaﬁé ° PO ﬂ*ﬂﬁ%ﬁé@é’ (?eélrvggg'i Q:? ri but ed
bet ween t hg,e@%ldudfdisaMled BREfihdalY @/mgcﬁmmnmmt%@éat&qh%ﬁmwcf(9118°§vqlaﬂ@ nt
extractioninclude phenol, furfural and Nmethyl” pyrrolidone. By controlling

t he sol venta @90 didtillation polnelass theni68h’G enpetiitmeasured by ASTM D 86 or D

2887. Because these distillates frequently contain undesirable quantities of sulfur-

and/or nitrogen-containing contaminants they may be solvent extracted,
hydrotreated, or both, prior to further processing. The terms "baseoil" and

"basestock" are used interchangeably herein.

[0015] The solvent extraction process selectively dissolves the aromatic
components in an extract phase while leaving the more paraffinic components in a
raffinate phase. Naphthenes are distributed between the extract and raffinate
phases. Typical solvents for solvent extraction include phenol, furfural and N-
methyl pyrrolidone. By controlling the solvent to oil ratio, extraction temperature
and method of contacting distillate to be extracted with solvent, one can control the
degree of separation between the extract and raffinate phases. Sulfur- and nitrogen-

containing contaminants are concentrated in the extract phase.

[0016] For hydrotreating, the catalysts are those effective for hydrotreating such
as catalysts containing Group 6 metals (based on the [UPAC Periodic Table format
having Groups from 1 to 18), Groups 8-10 metals, and mixtures thereof. Preferred
metals include nickel, tungsten, molybdenum, cobalt and mixtures thereof. These
metals or mixtures of metals are typically present as oxides or sulfides on refractory
metal oxide supports. The mixture of metals may also be present as bulk metal
catalysts wherein the amount of metal is 30 wt.% or greater, based on catalyst.

Suitable metal oxide supports include oxides such as silica, alumina, silica-



and nethod of contacting distillate to be extracted with solvent, one can
control the degree of separation between the extract and raffinate phases.
Sul fur- awmd2nddtasegencont ai ni ng cont am nants are concent PaTA$2005/0412686 ext r act
phase. [0016] For hydrotreating, the catalysts are those effective for
hydrotreati ng such as catalysts containing Goup 6 netals (based on the

| UPAC Periodic Table format having Goups froml to 18), G oups 8-10
nmetals, and m xtures thereof. Preferred netals include nickel, tungsten,

nol ybdenum cobalt and m xtures thereof7- These netals or m xtures of netals
are typically present as oxides or sulfides on refractory netal oxide
supports. The m xture of netals may al so be present as bul k netal catalysts

wher ei n t he@fAds br Blanie badferably3Gunina YoPosfe @ aludlina A8 PHrdR afah@hy St -
Sui tabl e netal oxide supports include oxides such as silica, alum na,
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Goup 6 netals, the Goups 9-10 netals are present in anmounts of fromO0.5
to 5 w.% Hmessetinemautadigemdhdta hwt.&,dapedoomentallyst saadéhpGesgnt metalanmount s

of from5 to 30 w..% The appunts.o tal s, may be neasured by atom c
absor pt 1 on “SHREeH SI BRY s ARG 547 30 Foipt T BaSa S OBHIS e e on
spect r onmet hiea@iiredbyeitoMRL A1R6HtiSAREEJHSEL Y irdIRdM d1P Eol1 8 Fla%ﬁlatcﬁﬁfca! S.
[0017] The acidity of netal oxide supports can be controlled by adding
pronot ers ®ASON sEslAmStry or ofer ensthads Ispéaned bye ASAIM fer inflividvel metadd. oxi de
support,

[0017]  The acidity of metal oxide supports can be controlled by adding

promoters and/or dopants, or by controlling the nature of the metal oxide support,

e.g., by controlling the amount of silica incorporated into a silica-alumina support.

Examples of promoters and/or dopants include halogen, especially fluorine,

phosphorus, boron, yttria, rare-earth oxides and magnesia. Promoters such as

halogens generally increase the acidity of metal oxide supports while mildly basic

dopants, such as yttria or magnesia, tend to decrease the acidity of such supports.

[0018]  Especially preferred metal catalysts include cobalt/molybdenum (1-5wt%
Co as oxide, 10-25wt% Mo as oxide), nickel/molybdenum (1-5wt% Ni as oxide,
10-25wt% Co as oxide), or nickel/tungsten (1-5wt% Ni as oxide, 10-30% W as

oxide) on alumina.

[0019] Hydrotreating conditions include temperatures of from 150°C to 400°C,
preferably 200°C to 350°C, a hydrogen partial pressure of from 1480 to 20786 kPa
(200 to 3000 psig), preferably 2859 to 13891 kPa (400 to 2000 psig), a space
velocity of from 0.1 to 10 LHSV, preferably 0.1 to 5 LHSV, and a hydrogen-to-



e.g., by controlling the anount of silica incorporated into a

silica-alum na support. Exanples of pronoters and/or dopants include

hal ogen, wepe@iw@bs4oy fl uori ne, phosphorus, boron, yttriapCraseeosant2be oxi des
and magnesi a. Pronoters such as hal ogens generally increase the acidity of
nmet al oxi de supports while mldly basic dopants, such as yttria or
magnesia, tend to decrease the acidity of such supports. [0018] Especially
preferred nmetal catalysts include cobalt/nolybdenum (I-5wt % Co as oxi de,
10- 25wt % Mo as oxi de), nickel/ ol ybdenwn (1 -5m % Ni as oxi de, 10-25w % Co
as oxide), or nickel/tungsten (I-5wt% Ni as oxide, 10-30% W as oxi de) on

al um na. [0019] Hydrotreating conditions include tenperatures of from 150C

to 400C, preddemblof @08 11 BI0E’ m’ 56/ & WReD s@ﬁB},ip@éfeﬁb%SP‘Wt% glp from 1480
to 20786 kPa, (200 to 3000 psig), preferably 2859 to 13891 kPa (400 to 2000

psig), a spacda (18084¢ 690bsciflom 0.1 to 10 LHSV, preferably 0.1 to 5 LHSV,
and a hydrogen-tofeed ratio of from89 to 1780 nB8/n8 (500 to 10000 scf/B),
preferably 178 to 890 nB8/nB (1000 to 5000 scf/B). [0020] The hydrotreated

basest ock mgg209e pﬂﬁ:ﬁ@@r&irda%tﬁaﬁesk&l@inﬂﬁw@ﬁs@gd i€yt adeS¥ Kirddtdp oSt ri pped
to renove gaseous contam nants such as ‘hydrogen sul fi de and anmonia prior

t o dewaxi n@refSrabiyppsiripped anrepeovigyzasens snnfaoredntheghas bydiogas stlfids andr uns or
fractionators. Dewaxi ge&(é)amlg] S[Bevvaxi n 'sbone mat[.ho used tohcoHt rhol t he
| ow t enper M%‘“%PBB%Q%‘? xing. Stripping cdn bé by conventional méans such as las

drums or fractionators.

Dewaxing

[0021] Dewaxing is one method used to control the low temperature properties
of basestocks. It is generally accepted that waxy molecules such as long chain
paraffins crystallize at low temperatures thereby adversely impacting cold flow
properties. Thus, the removal of waxy molecules from the basestock is considered
to improve the basestocks low temperature properties. Two commonly employed
methods of removing waxy molecules from basestocks are solvent dewaxing,
catalytic dewaxing, or a combination of solvent and catalytic dewaxing. Trim

dewaxing is solvent dewaxing followed by catalytic dewaxing.

[0022]  For solvent dewaxing, the dewaxing solvent used may include the C;-Cg
ketones such as methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK),
mixtures of MEK and MIBK, aromatic hydrocarbons like toluene, mixtures of
ketones and aromatics like MEK/toluene, ethers such as methyl t-butyl ethers and
mixtures of same with ketones or aromatics. Similarly, liquefied, normally gaseous
hydrocarbons like propane, propylene, butane, butylene, and combinations thereof
may be used as the solvent. Preferably, the solvent employed will be a mixture of

methyl ethyl ketone and methyl isobutyl ketone.



of basestocks. It is generally accepted that waxy nol ecul es such as |ong
chain paraffins crystallize at | ow tenperatures thereby adversely inpacting
col d fl owpnomearssises. Thus, the renoval of waxy nol ecul esTfuseensneo6
basestock is considered to i nprove the basestocks | ow tenperature
properties. Two conmonly enpl oyed net hods of renoving waxy nol ecul es from
basest ocks are sol vent dewaxi ng, catal ytic dewaxing, or a conbination of
sol vent and catal ytic dewaxi ng. Trim dewaxing is solvent dewaxing foll owed
by catal ytic dewaxi ng. [0022] For sol vedt dewaxi ng, the dewaxi ng sol vent
used may include the C3-C6 ketones such as nethyl ethyl ketone (MEK),

met hyl 1sobutyl ketone (M BK), m xtures of MEK and M BK, aronmatic

hydr ocarbons |i ke toluene, mxtures of ketones and aromatics |ike
MEK/ t ol uene, ethers such as nmethyl t-butyl ethers and m xtures of sane with
ket ones or [8023}at iThe sobient Hewexing progessftypigallynwokies ynigigdbe Bibkyilr ocar bons
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process typically involves nlxgng the | ube oil boiling range feedstock with
a dewaxi ng bsdinggiangafeedstagls isioixied witheshdlladessolhwnptor farinreg qil-sedivitsaluidnwax and
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and solvent are selected so that the oil is dissolved by the chilled
solvent while the wax is precipitated.

[0024] A particularly suitable solvent dewaxing process involves the use of a
cooling tower where solvent is prechilled and added incrementally at several points
along the height of the cooling tower. The lube oil boiling range feedstream-
solvent mixture is agitated during the chilling step to permit substantially
instantaneous mixing of the prechilled solvent with the lube oil boiling range
feedstream. The prechilled solvent is added incrementally along the length of the
cooling tower so as to maintain an average chilling rate at or below about
10°F/minute (about -12°C/minute), usually between about 1°F to about 5°F/minute
(about -17°C to about -15°C/minute). The final temperature of the lube oil boiling
range feedstream-solvent/precipitated wax mixture in the cooling tower will usually
be between 0°F and 50°F (-17.8°C to 10°C). The mixture may then be sent to a

scraped surface chiller to separate precipitated wax from the mixture.

[0025]  As stated above, the solvent dewaxing of the lube oil boiling range
feedstream occurs under effective solvent dewaxing conditions. Effective solvent
dewaxing conditions are to be considered those solvent dewaxing conditions that
are capable of removing at least a portion of the wax contained in the lube oil

boiling range feedstream. Generally, effective solvent dewaxing conditions will



solvent while the wax is precipitated. [0024] A particularly suitable

sol vent dewaxi ng process involves the use of a cooling tower where sol vent

i s prechiwbedocassioadded i ncrenental |y at several pointspalrarsgoosiei2hei ght of
the cooling tower. The lube oil boiling range feedstreansol vent mxture is
agitated during the chilling step to permt substantially instantaneous

m xi ng of the prechilled solvent with the |ube oil boiling range
feedstream The prechilled solvent is added increnmentally along the |length
of the cooling tower so as to naintainlan average chilling rate at or bel ow
about 10F/ m nute (about -12C/ m nute), usually between about 1F to about
5F/ m nute (about -170C to about -15C/ m nute). The final tenperature of the

| ube oil bghia9iHapRE6ultRFASIESARMSPhMLHICR G HeRibebig Bolx rAfgel Ure in the
cooling tower will usually be between OF and 50F (-17.80C to 100C). The

m xture mayfetdsenameavi detsutficientde pepade sliqiideelid welghs raticpokaboat afldo
precipitate romthe m xture. [0025 st.at.ed .abov t he sol vent
dewaxi ng ofa%f)ﬁgi(q/ LB'étli%idfwﬂ%mgitﬂﬁp?rﬁ{‘fﬁ%aqi%@ﬁ%g’%V T §§[U)n et fective
sol vent devysi ng sEONEHe doBRSt d&haBaE by@leq%e/&%omﬁ%@aﬂgaqe@@ﬂ@aﬁﬂ ons are to
be considered those sol vent dewaxihg conditions that are capabl e of

renovi ng attypieasy reaulpointa pmtidty déveaxedtraction havieg aipaut peint iipe abiotit boi | i ng

range feedstre Gene |y, effective solvent dewaxing conditions
wi I Tincl ude+3t0h§{gg’ﬁmﬁé@bf sol vent that when added to the |ube oil boiling

range feedstreamw || be sufficient to provide a liquid/solid weight ratio
of about 5/1 to about 20/1 at the dewaxing tenperature and a sol vent/oil
vol urme r at i[002Et we@atalytic dewaxing usually involves one or both the following

mechanisms: catalytic dewaxing by cracking waxy molecules or catalytic
dewaxing by isomerizing waxy molecules. Catalytic dewaxing by cracking
involves molecular weight reduction since waxy molecules are cracked to lower
molecular weight molecules. Catalytic dewaxing by isomerization involves
isomerizing waxy molecules (straight chain paraffins) to branched chain paraffins.
It should be noted that very few if any dewaxing catalysts operate exclusively by

one mechanism.

[0027] Catalysts for dewaxing by catalytic cracking include ZSM-5, ZSM-11,
ZSM-22, ZSM-35, mordenite and beta. Since this form of dewaxing involves
cracking waxy molecules, some yield loss may occur. Dewaxing catalysts may be
characterized by their alpha values. The alpha value of a catalyst is an approximate
indication of the catalytic cracking activity of the catalyst compared to a standard
catalyst, and it gives the relative rate constant (rate of normal hexane conversion
per volume of catalyst per unit time). It is based on the activity of the amorphous
silica-alumina cracking catalyst taken as an alpha of 1 (Rate Constant = 0.016 sec
Y. The alpha test is described in U.S. Patent No. 3,354,078 and in the Journal of
Catalysis, 4, 522-529 (1965); 6, 278 (1966); and 61, 395 (1980), each incorporated

herein by reference. Catalysts employed for dewaxing by catalytic cracking can



1.5/1 to 5/1. The solvent dewaxing of the lube oil boiling range feedstream
typically results in a partially dewaxed fraction having a pour point from
about +3W02ww/m@boat - 200C. [0026] Catal ytic dewaxi ng ugdalusgoosnyrbees one
or both the follow ng nmechani sns: catal yti c dewaxi ng by cracki ng waxy

nol ecul es or catal ytic dewaxing by isomerizing waxy nolecules. Catalytic
dewaxi ng by cracking involves nol ecul ar wei ght reduction since waxy

nol ecul es are cracked to | ower nolecular weight nolecules. Catalytic
dewaxi ng by isomerization involves isobbrizing waxy nol ecul es (straight
chain paraffins) to branched chain paraffins. It should be noted that very
few if any dewaxing catalysts operate exclusively by one mechanism [0027]

Cat al yst's &%58?%@5& leugér&ﬁéﬁhéﬁt i, gl FeSHb L 00n6 1180 TESMha vARM F al,

ZSM 22, ZS rdenit€ and bet a. nce this formof dewaxing involves
cracki ng mmlysbhmytbbesqremdbyym@hﬂly rogttngrihy celebyigt withaiaiziagiyl aI ysts may

be character ha..v, Th I f.
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least a portion of the waxy n-paraffin molecules to isoparaffins. Waxy molecules
may be from a mineral source, synthetic source or a mixture of the two, e.g.,
Fischer-Tropsch wax. Such isomerization catalysts minimize the amount of
dewaxing by cracking mechanisms. Because there is little molecular weight
reduction associated with isomerizing catalysts, there is less yield loss as compared
to dewaxing by cracking. Isomerizing dewaxing catalysts are typically metal
loaded with Group 6 metals, Group 8-10 metals and mixtures thereof (based on
the IUPAC format). Especially preferred metals are Groups 8-10 noble metals,
especially Pt, Pd or mixtures thereof. These metals are loaded at the rate of 0.1 to

30 wt% based on catalyst.

[0029] Hydrodewaxing catalysts suitable for use herein may be either crystalline
or amorphous. Amorphous hydrodewaxing catalysts include alumina, fluorided
alumina, silica-alumina, and fluorided silica-alumina. Such catalysts are well
known. Crystalline materials are molecular sieves that contain at least one 10- or
12-ring channel and may be based on aluminosilicates (zeolites) or on
aluminophosphates such as silicoaluminophosphates (SAPOs) and
magnealuminophosphates (MAPOs). Molecular sieves suitable for use herein
contain at least one 10- or 12-ring channel. Examples of such zeolites include
ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, ferrierite, ITQ-13, MCM-68 and

MCM-71. Examples of aluminophosphates containing at least one 10-ring channel



Catal ysis, 4, 522-529 (1965); 6, 278 (1966); and 61, 395 (1980), each

i ncorporated herein by reference. Catal ysts enployed for dewaxing by

cat al yti cwonawkispocanhave an al pha val ue greater than PO®/USpeosherabl y 100
to 180. The al pha value of a catalyst may be increased by initially
treating the catalyst with nitric acid or by mld steam ng as di scussed in
U S. Patent No. 4,326,994. Steamng is a neans of adjusting the
silica:alum na ratio of the catal yst and hence its al pha val ue. [0028]
Cat al ysts for dewaxing by isonerizationjare those which isonerize at | east
a portion of the waxy n-paraffmnol ecules to isoparaffns. Waxy nol ecul es
may be froma mneral source, synthetic source or a m xture of the two,

e.0., Fi SCheprdt BReChy WekpOSHCRAPIPLAE 3P £3RALNSHES of hMdllyfg e amount

of dewaxi ng by cracki g nmechani'sns.  Because there’i's ecul ar

wei ght r edwi¢vesconaieg H2-eidgwhhimelsiaokde zeslge bethahng MSEM-6Bere is less yield
| oss as conpared to dewaxi ng by cracking. |sonerizing dewaxing catal ysts
are typically netal |oaded with Goup 6 netals, Goup 8-10 netals and
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Hydr odewaxi ng .catal ysts syitable for use herein nay be either crystalline
or anor pholfONdikiogs Bhioua H s ARy ety s WWYdﬁeblad‘EﬂﬁSﬁéﬁeYﬁ‘l uori ded
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| east one Ifdlicaedluminas, binary combinations of silicas with other metal oxides such as
titania, magnesia, thoria, zirconia and the like and tertiary combinations of these
oxides such as silica-alumina-thoria and silica-alumina magnesia. The preferred
binder is alumina. The amount of molecular sieve in the finished hydrodewaxing
catalyst is from 10 to 100 wt.%, preferably 35 to 100 wt.%, based on catalyst. Such
catalysts are formed by methods such spray drying, extrusion and the like. The
hydrodewaxing catalyst may be used in the sulfided or unsulfided form, and is

preferably in the sulfided form.

[0031]  Effective hydrodewaxing conditions as used herein include temperatures
between about 200°C to about 400°C, preferably about 225°C to about 350°C,
more preferably 250°C to 310°C, pressures between about 2860 to about 20786 kPa
(about 400 to about 3000 psig), preferably about 4238 to about 17338 kPa (about
600 to about 2500 psig), more preferably about 4238 to about 10443 kPa (about
600 to about 1500 psig) hydrogen treat gas rates of about 89 to about 890 m*/m®
(about 500 to about 5,000 SCF H,/B), preferably about 107 to about 445 m*/m’
(about 600 to about 2500 SCF H,/B), and liquid hourly space velocities ("LHSV")
of about 0.1 to about 10 V/V/hr, preferably about 0.1 to about 5 V/V/hr, more
preferably about 0.5 to about 2 V/V/hr.



12-ring channel and nmay be based on alum nosilicates (zeolites) or on

al um nophosphat es such as silicoal um nophosphat es ( SAPGs) and

magneal unwocepivaspivat es (MAPGs) . Mol ecul ar si eves sui t ablPeTfuseoodsel2ber ei n
contain at |least one 10- or 12-ring channel. Exanples of such zeolites

i ncl ude ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 57, ferrierite, 1TQ 13, MM 68
and MCM 71. Exanpl es of al um nophosphates contai ning at | east one 10-ring
channel i ncl ude ECR-42, SAPO-Il, SAPO 31 and SAPO 41. Exanpl es of nol ecul ar
si eves containing 12-ring channel s inclijgde zeolite beta and MCM 68. [0030]
The nol ecul ar sieves are typically conposited with binder materials that
are resistant to high tenperatures and that nmay be enpl oyed under

hydr odewaxig litbghs to forma finished hydrodewaxi ng catal yst or nmay
be binderlessg%g%g#igvund). The binder materials are usually inorganic

oxi des such as silica, alumna, silica-alum nas, binary conbinations of
silicas w tgogﬁher netal oxides such as titania, nagnesia, thoria, zirconia

and the |iK803Hd tThenrapgrtienahionmylagdoilss parfiewarly ficlos empgragare
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catal yst. Such catalysts are forned met hods such spra ryi ng, extrusion
and the |i KOMEHREO 9‘8%‘6&H&WarMRc‘étca%fg%d%@SlH@lﬂ%@Sﬁ G@dlﬁ?@nélﬂe i ded or
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hydr odewaxi ng ¢ondi tions as use erein i t enper at ur
remove at least some of the waxy components of the basestock by dewaxing. The

viscosity index (VI) of the oil is likewise impacted by basestock components. The
V1is adversely impacted by components such as aromatics which have a low VI
The low temperature properties are also affected by whether the basestock itself is

synthetic such as PAO or of mineral origin.

[0033] The MRV ofa formulated base oil is an indicator of low temperature
properties. The MRV is measured by standards tests such as ASTM D 3829 and D
4684. The MRV test measures the pumping performance of a formulated baseoil at
low temperature. Smaller values of MRV correlate with better low temperature

properties.

[0034]  Another factor influencing the properties of the formulated oil is the
additive package (adpak) used to formulate the oil. Additive packages contain at
least one component selected from dispersants, detergents, wear inhibitors,
antioxidants, rust inhibitors, demulsifiers, extreme pressure agents, friction
modifiers, multifunction additives, viscosity index improvers, pour point

depressants, and foam inhibitors.



bet ween about 200C to about 400C, preferably about 225 0C to about 350C,
nore preferably 2500C to 310C, pressures between about 2860 to about 20786
kPa (abouwo020&/as649about 3000 psig), preferably about 4228Tius2@bsout2047338

| cPa (about 600 to about 2500 psig), nore preferably about 4238 to about
10443 kPa (about 600 to about 1500 psig) hydrogen treat gas rates of about
89 to about 890 nB/nB8 (about 500 to about 5,000 SCF H2ZB), preferably about
107 to about 445 nBZm 3 (about 600 to about 2500 SCF H2/B), and |iquid
hourly space velocities ("LHSV') of abayt 0.1 to about 10 VzVzhr,
preferably about 0.1 to about 5 V/VzZhr, nore preferably about 0.5 to about
2 VZV/ hr.Formul ated G ls [0032] The properties of fornulated oils,

particul arljgo3s)e I\wn} BFRSLALMIIEVEHIRS! Eéﬁ%coﬁﬁﬁ‘erﬁaflﬁﬁ%ﬂaﬂb. ofpd he
basestock and the additive package used to prepare the fornulated oil. As

not ed aboveredisecformulatienpenrsdapendmmpetheimanufactgrer andéepotendgisetof
Brookfield yiscosity, , _cold crackin imul ator test (CCS)..and gel.
Phdex. of At bl EiF eariler wligE i e Al e bEY ophized titfeteng
advant ageougdfiRe c8ipbRedl ad &3parS@Perind Hif f&??éfsoﬁﬁgﬁeﬂ'é‘féﬁ%_ngfneé.he _
basest ock by dewaxi ng. The viscosity index (VI]) of the oil is |i1kew se
i npact ed by obawksivos korhohplometas will Vhey mitkosaduesdeéclimatepact ed by

conponents such as aromatics which have a low VI. The | ow tenperature
properties are also affected by whether the basestock itself is synthetic

such as PAQw-TRheAbid8aPG a9 ChYbMatdd The MRV of a fornul ated base oil
is an indicator o OW tenperature

[0036] 2D GCis an alternative to gas chromatography/mass spectrometry. In

2D GC, a sample is injected into a first column and the separated components

injected into a second column in series with the first.

[0037] A sample is injected into an inlet device connected to the inlet of a first
column to produce a first dimension chromatogram. Sample injection may be by
any known sample injection device such as a syringe. The inlet device may hold a
single sample or may hold multiple samples for injection into the first column. The

column contains a stationary phase that is usually the column coating material.

[0038]  The first column may be coated with a non-polar material. When the
column coating material is methyl silicon polymer, the polarity can be measured by
the percentage of methyl group substituted by the phenyl group. The polarity of
coating materials are measured on a % of phenyl group substitution scale from 0 to
100 with zero being non-polar and 80 (80% pheny! substitution) being considered
as polar. These methyl silicon polymers are considered non-polar and have
polarity values in the range from 0 to 20. Phenyl substituted methyl silicon
polymers are considered semi-polar and have polarity values of 21 to 50. Phenyl

substituted methyl silicon polymer coating materials have been called polar



properties. The MRV is neasured by standards tests such as ASTM D 3829 and
D 4684. The MRV test neasures the punping perfornmance of a formulated
baseoi | awvolow/dasemwper at ure. Snal |l er val ues of MRV correlparaSaosiiizes t er | ow
tenperature properties. [0034] Another factor influencing the properties of
the fornulated oil is the additive package (adpak) used to fornulate the
oil. Additive packages contain at | east one conponent selected from

di spersants, detergents, wear inhibitors, antioxidants, rust inhibitors,
denul sifiers, extrenme pressure agents,-16fiction nodifiers, mnmultifunction
additives, viscosity index inprovers, pour point depressants, and foam

i nhi bitors.[0035] Many different additive packages are commercially

avai |l abl e. pfherifg %eﬁ"gréé?ér%é@ﬁ@%{ﬁleﬂ 'VbSRREAERp @gﬂintcﬁﬁe@ny@?ﬁfgfg er and

t he i ntended use of the engine oi or exanpl e; engine ol I esel
engi nes mayOthenpaincadiing pobmersduch averbonpeacners ad® weodpar ed t o engi ne
oils for gasoline powered,. i nes, .Fornul ations for hot climtes wll vary
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sanple is injected into a first colum and the separated conponents

i nj ect ed i thotradesemonDers] bawe tiean sepeciadly \designedhfor highstempe@0®8%] A sanple is
i njected into.ar,g. i nl et device connected to the inlet of a first colum to
produce a fPPLFU8  ensi on chromat ogram Sanpl e injection may. be by

[0039]  The first column coated with a non-polar material provides a first
separation of the sample. The first separation, also known as the first dimension,
generates a series of bands over a given time period. This first dimension
chromatograms is not unlike the chromatogram that could be obtained from a
conventional chromatogram. The bands represent individual components or groups
of components of the sample injected, and separated or partially overlapping with

adjacent bands.

[0040] When the complex mixture is separated by the first dimension column, it
still suffers many co-elutions that are not able to be separated by the first dimension
column. The bands of separated materials from the first dimension are then sent in
their entirety to the second column to perform a further separation, especially of the
co-eluted components. This further separation is referred to as a second dimension.
The second dimension is a second column coated with a semi-polar or polar

material, preferably a semi-polar coating material.

[0041] In order to make the data acquisition as well as the detector signal
meaningful, a modulator is required to manage the flow between the end of the first
column and the beginning of the second column. Modulators may be thermal

modulators that use a trap/release mechanism. In this mechanism, cold nitrogen



any known sanpl e injection device such as a syringe. The inlet device may
hold a single sanple or may hold nultiple sanples for injection into the
first colwonooslises9gol urm contai ns a stationary phase thacTiuts2aswal2by t he
colum coating material. [0038] The first colum may be coated with a
non-pol ar material. Wien the columm coating material is nethyl silicon
polynmer, the polarity can be neasured by the percentage of nethyl group
substituted by the phenyl group. The polarity of coating materials are
measured on a % of phenyl group substitigtion scale fromO to 100 with zero
bei ng non-pol ar and 80 (80% phenyl substitution) being considered as pol ar.
These nethyl silicon polyners are consi dered non-polar and have polarity
val ues in theid @RE% P Rdrdted SnplEmRMY theSHSdiirkeHii6A oI bk bbsaic

pol ymers are consi dered sem -pol ar and have polarity values of 2 1 to 50.
Phenyl subguilseutfdat mistogyn tosieldasoirappsidysamplaiost senondwinensinhs Haak pulseen

call ed polarnaﬁerials when qreater.th n 50% @gnﬁL substitution group is

i ncl uded i AS FAIOSRSL0 2 spmple RGN FEY eﬁﬁcﬁﬁf ¥Osych as car bowaxes,
were al so used in chromatographi c applications. Carbowaxes are high

nol ecul ar wei ght pol yethylene glycols. In addition, a series of carborane
silicon pol[00d2]s sBiedolenafghe tvdulatade (Hawleddhs codntinaves tloent fspeui al | y

desi gned fqr high t { lications. .[0039] The first col ted
o eh e non HuT 47 ShARG fish e houi 2Pl beubd 8 e Spogplalerlo R Pad “The
first separaf it cll @AM (el ididSot #le BRRAH QBlnIEPEFAL/Mea Series of

bands over a given tinme period. Thi's first dinension
collected eluent at the end of modulated period. The function of the modulator is

(1) define the beginning time of a specific second dimensional column separation

and (2) define the length of the second dimensional separation (modulation period).

[0043] The separated bands from the second dimension are coupled with the
bands from the first dimension to form a comprehensive 2D chromatogram. The
bands are placed in a retention plane wherein the first dimension retention times

and the second dimension retention times form the axes of the 2D chromatogram.

[0044] For example, a conventional GC experiment takes 80 minutes to separate
a mixture (a chromatogram with 80 minutes retention time, x-axis). When the same
experiment is performed under 2D GC conditions with a 10-second modulation
period, it will become 480 chromatograms (60 seconds x 80 minutes divided by 10
seconds) where each 10 second chromatogram (y-axis) lines up one-by-one along
the retention time axis (x-axis). In 2D GC, the x-axis is the first dimension
retention time (the same as conventional GC), the y-axis is the second dimensional
retention time, peak intensity should stick out in the third dimension z-axis. In
order to express this 3D picture on two dimensional paper, the intensity has been
converted based on a pre-defined gray scale table to express their relative peak

intensity by gray-scale.



chromatograns is not unlike the chromatogramthat could be obtained froma
conventional chromatogram The bands represent individual conponents or
groups ofwoanwasesws of the sanple injected, and separ atred/useoosast2oal | y
overl apping with adjacent bands. [0040] Wen the conplex mxture is
separated by the first dinension colum, it still suffers nmany co-el utions
that are not able to be separated by the first dinension colum. The bands
of separated materials fromthe first dinension are then sent in their
entirety to the second columm to perfoslhr a further separation, especially
of the co-eluted conponents. This further separation is referred to as a
second di mensi on. The second dinension is a second colum coated with a
sem -polar or polar material, preferably a sem -polar coating material.
[0041] In order to _make the data acq§|5|t|on as well as the detector signal

meani ngf ul ,[0@¢3odiigwisr! shewseadi Féachromatagaaye of hé}’lilbaivll36b1tlub@rﬂfﬁh@eend of
the first ggling{@;r Q?]h ?):"G@lgfﬂq antk 18I ztahgn a&c&8§ CO' [Jatqﬂolglﬁ& %ors may be
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followed by a periodic pulse of hot nitrogen to rel ease trapped sanple to a
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begi nni ng of the second col um by rel easi hg
0 minutes and ramped at 1.5°C per minute to 315°C for 10 minutes. Flow program

is 1.5 ml per minute for 0 minute and increased 0.05 ml/minute per minute to 5.0
ml per minute for 0 minute. The inlet temperature was set at 300°C with

split/splitness ratio of 75:1. The sample injection volume is 0.2 pl.

[0046] To determine the Paraffin Index, the entire paraffin components in the
baseoil are identified in the carbon number range from 16 to 50. The Paraffin
Index is calculated over a given carbon range bounded by a lower carbon number,
n, and an upper carbon number, m, For example, the lower carbon value can be
selected as n = 23 and an upper carbon value as m = 31 for 130N lube raffinate
sample. At a given carbon number L, the normal paraffins (denoted as Ny).
Because the resolution is not sufficient to identify individual isoparaffins, the
isoparaffins are formed into groups. The isoparaffins for that carbon number are
grouped into discrete groups, preferably 3 groups denoted as (IP,)r, (IPg)1, and
(IPc)L. The process is repeated for each carbon number over the entire carbon
number range from n to m in the 2D GC spectrum. The peak volume of each
normal paraffin component and isoparaffin groups is integrated to obtain the weight

percentage of a specific component to the total sample. In the 2D GC

chromatogram of 130N lube raffinate, shown in Figure 1, the calculation is



coll ected eluent at the end of nodul ated period. The function of the

nmodul ator is (1) define the begiming tinme of a specific second di nensi onal
col um sepenratdsm9and (2) define the length of the secomrdTdisSewssinngl
separation (nodul ation period). [0043] The separated bands fromthe second
di mension are coupled with the bands fromthe first dinension to forma
conpr ehensi ve 2D chromatogram The bands are placed in a retention plane
wherein the first dimension retention tines and the second di nension
retention times formthe axes of the 2D8chromat ogram [0044] For exanple, a
conventional GC experinment takes 80 mnutes to separate a mxture (a
chromatogramwith 80 mnutes retention tine, x-axis). Wen the sane

experi nent gesfopaed BoMRABRORIMBE @@3&93@'((}%@6@3]\’)" tiheandiQidRE L QIMhdRAY! ati on
period, it will becone 480 chronatograns seconds x 80 m nutes divided
by 10 secoﬁ@gwowﬁéﬁé5%@@nmlﬁﬁgedbh bhﬂmnﬁﬂdgdan1(y axis) lines up

one- by-one along the retention tine axis (x-axis). In 2D GC, the x-axis is
the first dinmension retention tine (the same as conventional GC), the
y-axis is the second di nensional raqta@tgqn tine, peak intensity should
stick out in the third dlnen5|on z-axrs. In order to express this 3D
picture on twoldl R At : s :
a pre-defined gray scale table to express thelr relative peak intensity by
gray-scal ¢ cRggpiT Figure gh hrormptogrgprof —gtypieah 130N

| ube raffrrxaitht,;\n,l%@npl2e3§J nthi s 2D Gcﬁél D (Z?I arrefs:mi ggti onfbdeteg or|) run,
data poi nt TTrQm t|Ng ogXPEerjgTans sgi M3 56 [48QFT000gy Thg ¢ s gy |di mensi on
I's: 2880x400@p, 0.16 | 047 | 133 1.70 186 | 1.52 | 1.18 | 0.88 | 0.57
IPy 031 | 085 | 161 | 1.82 | 170 | 150 | 1.18 | 0.75 | 035
IP¢ 008 | 016 | 038 | 044 | 035 | 040 | 027 | 0.16 | 0.6

[0047]  The Paraffin Index is then determined. For any given sample, the

. Paraffin Index is calculated over a given carbon range bounded by a lower carbon
number, n, and an upper carbon number, m, by summing at each carbon number (L)
the ratio of (n-paraffins plus the A group of isoparaffins) to the (n-paraffins plus the
A, B and C group of isoparaffins). This is represented by the following Equation 1:

Paraffin Index = Z (n -paraffin), +(Iso - paraffins group A),
e (Total paraffins),

or

Paraffin Index = i Ny +(IPa), ¢Y)
= [N +Pa), +(IPs), + (IPo), ]

In the above equation, n is a lower carbon number in the range 16 to 50, m is the
upper carbon number in the range 16 to 50, Ny is the amount of n-paraffin in wt.%
for each individual carbon number L, and (IP)y is the amount of iso-paraffins in
wt.% for each individual carbon number L. The subscripts A, B and C represent

the different groups of iso-paraffins from the Table 1 above.



Separation colum set used is: 1st Columm, SGE BPX-5 (BPX is a phenyl

sil oxane polyner), 30 neter, 0.25 mMmID, 1.0 mmFilm and 2nd Col um, SGE
BPX- 50, 9WO 20@0864990. 25 nm I D, 0.25mm Film Oven tenper aCUrusS2@sogr2asn was
set at 21Q0C for O mnutes and ranped at 1.5C per mnute to 3150C for 10

m nutes. Flow programis 1.5 m per mnute for O mnute and increased 0.05
m/mnute per mnute to 5.0 mM per mnute for O mnute. The inlet
tenperature was set at 3000C with split/splitness ratio of 75:1. The sanple
injection volunme is 0.2 m. [0046] To détermne the Paraffin Index, the
entire paraffin conponents in the baseoil are identified in the carbon
nunber range from 16 to 50. The Paraffin Index is calculated over a given

car bon rang@o48]undBit fcess P vetherd 820 SRV 8T Fighre PREH RibIEARSOVE RS bon
nunber, m For exanple, the Nower carbon val ue can be selected as n = 23

and an uppéepeaiadien avel efstandard non3formplatezammlesh & or pifprseeofsabpilagingAt a

i b L, the normal paraffi denot ed L). . Because the
Jesorut t on e PHERTLpiter e sPRPE oy R Rropb iled OB S dnce e T he
i sopar af f NP aadfEinlTRaAER ihd¥pen@hObPie adpsk hedRa fahinse iy sadhfjat. oardhon number

are grouped into discrete groups, preferably 3 groups denoted as (IPAL (IP
B) L, and (therdpnd, tip &RV deresshissmplsge aressirtd on adormelated samplendiece theer t he

entire car unber range fromn to mdn the 2D GC spectru e peak
ol ume of AARY Ho s oRRPL el RPE R B P EEpRIETG OF Bhralths
i nt egr at ed Th@e:0RtcalchlatdiEbased 6h theHD CRNABAEINT TIRe SRECAdphE iCQ¥Repent to the
total sanple. In the 2D GC .
formulate each sample. The results are plotted in a graph with measured MRV of
formulated baseoil being the Y-axis and Paraffin Index being the X-axis. This will
produce a graph containing the scatter data for the standard sample set. A linear
line fit is applied through the data points using conventional least squares
techniques. This regression technique is demonstrated in Figure 3 for a set of data
points (see Example 5). The MRV for other new formulated baseoil samples can
be further predicted from the linear correlation equation:
MRY = (a) (Paraffin Index) - (b)

where (a) is the slope and (b) is the intercept.

[0049]  The traditional MRV measurement requires large amount of a finished
lubricating oil, such as but not limited to, an engine oil sample (150 to 200 ml) and
also needs long test periods (> 45 hrs) at low temperature between -10°C and
-40°C. In many instances, the viscometric properties of baseoil cannot translate
into the low temperature flow property of formulated engine oil. It is highly
desirable to develop an analytic tool that can precisely predict a basestock's
formulated PCMO low temperature performance in a rapid test. The precise MRV
prediction using advance 2D GC technique can dramatically reduce the time and

cost related to the conventional MRV test.



chromat ogram of 130N | ube raffmate, shown in Figure 1, the cal cul ation

i sperformed from carbon nunber of 23 to 3 1 (23 to C3 1) . The individual
conmponentwoanwass4opon i s sunmari zed in the foll owi ng Talkplce/us2005ABI2Es 1 e Raf
ate n on 2D-GC [0047] The Paraffin Index is then determ ned. For any given
sample, the , Paraffin Index is calcul ated over a given carbon range
bounded by a | ower carbon nunber, n, and an upper carbon nunber, m by
sumi ng at each carbon nunber (L) the ratio of (n-paraffins plus the A
group of isoparaff ns) to the (n-paraff2es plus the A, B and C group of
isoparaffins). This is represented by the follow ng Equation 1: Paraffin
Index = (n paraBn)L + (Iso - paraffins group AL j (Total paraffns)L or
Paraffin | ngeso]= Nrike curtdifhndiyfidel nletftoddahB@)applidd PRt bt $ah®&d Hadddilt e
above equation, n is a |lower carbon nunber in the range 16 to 50, mis the
upper car bd¥ meEng iparaffie and rgepar@iin gram calkeitsations. dhe pataff indepafaf fin

in w.%for,each.individual..carbon. nunber. L, and. (1P ist anount of
i so- par af f s %ﬁ“@&ra%}a%ﬂsé’% %9 gﬁ“%ﬁt%ﬁ%se%a‘? B%IFPQW&%%?&@OV% dB%ripts A
B and C repfigsigfitio eablihf 4 €drfilitidH BR8erOhed stfedIRAS biforfdu®iRd bRediabl e 1
above.[0048] The process of gathering data shown in Figure 1 and Table 1

above is repdaweaffiiondex forthestandaahihaeall. nbire Mt Yrof teddtesestasl kescoilsoran
purposes Ofbeci%lrtﬁgrl I%tecliirc]:%d based on the correlation of MRV and paraffin index using 2D

GC measurement.

[0051] This invention may be further understood by reference to the following

non-limiting examples.

EXAMPLES

Example 1

Feed Composition

[0052] A commercial solvent dewaxed basestock was used as the feed in all trim
dewaxing experiments. The basestock is a mixture containing approximately 81
wt.%, based on basestock, of light basestock and approximately 19 wt.% medium

basestock. The basestock properties are summarized in Table 2.



the Paraffin Index, the sanple may be fornul ated or non-fornul ated since
the Paraffin Index is independent of the adpak used to formnmulate the
sanpl e. QmOtb@/0354%er hand, the MRV for each sanple is neasuseasom 286

formul ated sanple since the MRV is influenced by the adpak used to

formul ate the sanple, and the Paraffin Index is cal cul ated based on the 2D
GC anal ysis. The sane adpak is used to fornmul ate each sanple. The results
are plotted in a graph with measured MRV of fornul ated baseoil being the
Y-axis and Paraffin Index being the X-&tts. This will produce a graph
containing the scatter data for the standard sanple set. Alinear line fit
is applied through the data points using conventional |east squares

techni ques. This regression technique is denonstrated in Figure 3 for a set
of data points (see Exanple 5). The 'NRBIffo2 ot her new fornul at ed baseoi
sanpl es can be further predicted fromthe linear correl ati on equation: MV
= (a) (Paraffin Index) - GBlvewbDewakéd Biasestdtdk Bropeetiend (b) is the
intercept. [0049] The traditional MRV neasurenent requires |arge anount of
a finished |ubricatingekity,gdch as but not limted 0.844an engi ne oil
sanple (150 to 200 n1&xﬁmﬂig&ig;gﬁfg§8yqﬁgopest per59g§1¢> 45 hrs) at |ow

t enper ature between -[TaCahd— N~ pRTy Tstat el VI sconetric
properties of baseoil Kig?mgqcylsgm‘ﬁ tAO ﬁ*‘yﬁgtf he | gw gfmmature fl ow

property of f or mul at edKinemitiseViscosityl at 108°GiafHl v deS|r$6Ie to devel op an
anal ytic tool that caWigrosity &mley predict a basestdck'kl4

Pour Point (ISL), °C -18
UV Total Aromatics, mmol/kg 18.5
Saybolt Color >+30
GCD Noack Volatility, wt% 15.2
Sulfur, wppm <10
Nitrogen, wppm <1

CCS (formulated SW30 engine oil), cp 5790
MRYV (formulated SW30 engine oil), cp 36211

Example 2
Hydrodewaxing Catalysts

[0053] The catalysts employed in the trim hydrodewaxing process are described
as follows. Catalyst A is 65 wt.% ZSM-48 on 35 wt.% alumina loaded with Pt.
Catalyst B is a Pt loaded silicoaluminophosphate designated as ECR-42 on alumina
(65/35 wt.%) and described in U.S. Patent No. 6,303,534. Catalyst C is amorphous
silica/alumina loaded with Pt. Catalyst D is 65/35 H-ZSM-48/alumina and is not
metal loaded. Catalyst E is self-bound H-ZSM-5. The general catalyst properties

and pre-treatment are described in Table 3.



formul ated PCMO | ow tenperature performance in a rapid test.

The pr

eci se

MRV prediction using advance 2D GC techni que can dramatically reduce the
ti me and wosboasskebed to the conventi onal

anal yti cal
paraffin and iso-paraffmgroup concentrations.

standard baseoils w ||

MRV t est . [ 005@LT/ise00804 12061t
met hod can be applied to a set of standard baseoils by neasuring

The paraffin index of the

The

be cal cul ated based on equati on stated above.
user first has to establish a correlation between nmeasured MRV of
formul ated baseoil and paraffin index f20r the standard baseoil. The MRV of
the interested baseoils can be further predicted based on the correlation
of MRV and paraffin index using 2D GC neasurenent. [0051] This invention
may be further understood by referenggpi® she followi ng non-limting
exanpl es. EXAVPLES Exanple 1 Feed Cbnp03|f on [0052] A commerci al sol vent
dewaxed basestock was usdaimd 9 egitiemxi ng experi ment s.

The basestock is a nmxture cont i ni ncn ao roximately 8 1 wt.% based on
basest ock, dfCatilsyhNaipas b <€atdyst And Catplystd | n€atelyst CL9 Gatalgst®e diGamlpsbE gst ock.
The basest oqket padipe@Ed)i es ane2sunmar i0zed ijn Tatd e 2. TABLE 2| Sol vent [Dewaxed
Basestock Priai/er ties Exanplie 2 1.16 0.65 N/A N/A

Support ZSM-48 ECR-42 SiO)/ALO; | H-ZSM-48 | H-ZSM-5

Binder AL O, AlLO, N/A AlLO, N/A

Surface Area 247 287 287 239 N/A

Alpha 24 39 N/A 20 47

Catalyst Volume 10 10 10 5 5

Pre-sulfidation Yes No No No No

Example 3

Production of Trim Dewaxed Baseoils

[0054]

testing unit (CL500 unit), which consists of a liquid feed system with a syringe

The trim dewaxing studies were performed using a continuous catalyst

pump, a fixed-bed tubular reactor with a three-zone furnace, liquid product
collection, and an on-line HP Micro Refinery Analyzer (MTI) GC for gas analysis.
Typically, 5-10 cc of catalyst was sized to 14/20 mesh and charged in an up-flow
3/8-inch (9.525-mm) stainless steel reactor containing a 1/8-inch (3.175-mm)
thermowell. After the unit was pressure tested, the catalyst was dried at 300°C for
2 hours with 250 cc/minute N, at ambient pressure. If pre-sulfidation of the
catalyst was required, 2% H,S in hydrogen was flowed through the catalyst bed at
100 sccm (standard cc/minute) for 1 hour. Upon completion of the catalyst
treatment, the reactor was cooled to 150°C, the unit pressure was set to 1000 psig
(6996 kPa) by adjusting the Mity-Mite back-pressure regulator and the gas flow
was switched from N, to H,. Liquid feedstock was introduced into the reactor at
the desired liquid hourly space velocity (LHSV). Once the liquid feed reached the

downstream knockout pot, the reactor temperature was increased to the target



Hydr odewaxi ng Catal ysts [0053] The catal ysts enployed in the trim

hydr odewaxi ng process are described as follows. Catalyst Ais 65 w.%

ZSM 48 orwB2o0aw05%49al um na | oaded with Pt. Catal yst B i sPaTRiS2006adE2d6

si |l i coal um nophosphat e designated as ECR-42 on alumna (65/35 w.% and
described in U S. Patent No. 6,303,534. Catalyst C is anorphous
silica/lalumna |l oaded with Pt. Catalyst Dis 65/35 H ZSM 48/ alumna and is
not netal |oaded. Catalyst E is self-bound HZSM5. The general catal yst
properties and pre-treatnment are descrigbed in Table 3. TABLE 3 Trim

Hydr odewaxi ng Catal yst Properties Exanple 3 Production of Tri m Dewaxed
Baseoi |l s [0054] The trim dewaxi ng studies were performed using a continuous

catalyst tesfonoy Yikdrial GHPR WIS Was WHiLE GRNShS it Mas Finkd G4 frbeed system
| xed- edtu%u ar h

with a syringe punp, a reactor wmth a three-zone furnace,
| i qui d pr odioats. Cild tetad liguid paodhca (ToP)- WwaneolldBteic the 1RA8f dropoyt panalpger (M)

GC for gas analysis. Typically, 5-10 f catal was sSized to 14/ 20 nesh
and char ge&a’inﬁleéﬁ“ﬁ%?? g?ﬁd??"éh ?%8ﬂ‘][’€’93'§62§9%°@f%%n€§§n§9ye%§ react or
contal ni N9 ek SpkA6H (6€) Lrphr wi) BoilPBlha) cOhdiRfivit) AetiBidy (P RhaSSUT &
tested, t hé: cat aP%s? \&as)égl?ggma\{v Q%B or aZ chour slvvmpt ﬁ 250 (cc/ r)n nute N2 at
anbi ent pr ékswe ®nizkfiopdaesiat (DAL iAoserief of hms satrapgrfernveasonadeistaad th2% H2S
i n hydrogen was fl owed through the catal yst bed at .

catalyst activity/product properties as function of the process variables, such as

liquid hourly space velocity (LHSV) and process temperature. The TLP product

from each balance was cut at 370°C by batch distillation. The properties of the

370°C+ dewaxed oil were analyzed.

[0055] The feed and basestock produced as described above were then blended
to make a 5W-30 passenger car motor oil (PCMO). The above basestock was a
lighter viscosity than required for the finished 5W-30 oil and hence a second
basestock which was somewhat heavier was added to all the blends to hit a base oil
desired viscosity target. A commercial additive package for GF-3 engine oils was
then added to make the formulated oil. This package consists of a
detergent/inhibitor package, a viscosity modifier, and a pour point depressant. The
package utilized and the second basestock were constants in all the blends, only the
light basestock was varied. The formulated oils were tested for cold flow property

with a mini rotary viscometer (MRYV), according to the ASTM D4684 method.

Example 4
2D GC Measurement of Baseoil Composition and Paraffin Index Analysis

[0056] The 2D GC (GCxGC) system consists of an Agilent 6890 gas
chromatograph (Agilent Technology, Wilmington, DE) configured with inlet,

columns, and detectors. A split/splitless inlet system with an eight-vial tray



100 seem (standard cc/mnute) for 1 hour. Upon conpletion of the catal yst
treatnent, the reactor was cooled to 1500C, the unit pressure was set to
1000 psi gwOe9&H5RMa) by adjusting the Mty-Mte back- pressumsecosogizbat or and
the gas flow was switched fromN2 to H2. Liquid feedstock was introduced
into the reactor at the desired liquid hourly space velocity (LHSV). Once
the liquid feed reached the downstream knockout pot, the reactor
tenperature was increased to the targetvalue. A material balance (MB) was
initiated until the unit was |ined out2f0or 6 hours. The total |iquid
product (TLP) was collected in the MB dropout pot. Gas sanples were

anal yzed with an on-line Hew ett Packard MIl refinery gas chromatograph

(GC) equi p%gg)sﬁ\frfp%rlr Q&?dltg {ﬁ[s%ch eTH@%w&@i%ﬁ?ﬂ)thi dayil ey 861uRin st(yl_@@ uiiiids bl ane

i oni zati on detect A series of runs were perforned to understand

t he catal ysionqﬂdﬂﬁmydq&umﬂl@BPXpﬂ'f,@}Oanétbleﬁ.Qésmmﬂhbt,ilcﬂmmfﬁlhi)earpi opess

vari abl es, such as liquid hourl éns ace velocity (LHSV) and process
t enper at ur éBPXn&0, BLmefst.dHAE mn £.bx @%ﬁ}hﬂ@&%ﬁé@nﬂe@l@mm Rethzapiblerby bat ch

distillation, The properties e 3/70C+ il anal. v: . [ 0055
The feed aﬁﬁhﬁﬁ§%§F8@£mﬁ§$%ﬁ8ggG§gn&é§EPPbggﬁgﬁﬁgéﬁﬁ%?gﬁpﬁghaﬁﬁéﬁﬁgd Eo !
make a SW 3Qoppa&eNPelystpherdVneLsilokine( PCHRL jetihernad ov@iubaiassegiblyas a
| ighter viscosity than required for the finished 5W30 oil and hence a

second basdssutben dhextechrgogy Easrdiorndanten, NEs Wi liggidanifrogeie bl ends to
hit a base oi lesi r Vi, SCOSi target, A C [¢lal di tive package for
GF- 3 engi né>°8iefis?%"sre Agn 88’3’8@%%“ Qdujaier ’%gﬁ%ﬁeﬁeﬁ’é& gelqt. esle}'utl“}s% pacgage

consi sts Ofcofumns. A flame ionization detector (FID) is used for the signal detection. A 0.2

microliter sample was injected with 75:1 split at 300°C from Inlet. Carrier gas is
programmed from 1.5 ml/minute with 0 minute hold and 0.05 ml/minute per minute
increment to 5.0 ml/minute with 0 minute hold. The oven was programmed from
210°C with 0 minute hold and 1.5°C per minute increment to 315°C with 0 minute
hold. The total GC run time was 70 minutes. The modulation period was 10
seconds. The sampling rate for the detector was 100 Hz. After data acquisition, it
was processed for qualitative and quantitative analysis. The qualitative analysis
converted data to a two-dimensional image that was processed by a commercial
program, "Transform" (Research Systems Inc., Boulder, CO). The two-
dimensional image was further processed by "PhotoShop" program (Adobe System
Inc., San Jose, CA) to generate publication-ready images. An in-house program

was used to quantify the peak volumes.

[0057] Figure 2 presents a 2D GC (GCxGC) chromatogram of the feedstock of
Example 1. Using C,; as an example, the chromatogram demonstrates the detailed
n-paraffins (N) and iso-paraffins (IP) identifications and selected integration
volumes of identified components. Since all iso-paraffins are not completely
resolved in the two-dimensional space, the iso-paraffins have been grouped into

three regions, IP4, IPg, and IPc, at each associated carbon number of the baseoil



detergent/inhi bitor package, a viscosity nodifier, and a pour point
depressant. The package utilized and the second basestock were constants in
al | the bWwernd&/seby the |ight basestock was varied. Thecrarspusateds oi | s
were tested for cold flow property with a mni rotary visconeter (MRV),
according to the ASTM D4684 net hod. Exanple 4 2D GC Measurenent of Baseoil
Conposition and Paraffin Index Analysis [0056] The 2D GC (GCxGC) system
consists of an Agilent 6890 gas chronat ograph (Agilent Technol ogy,

W I mngton, DE) configured with inlet,-260l unms, and detectors. A
split/splitless inlet systemw th an eight-vial trayautosanpler was used.
The two-di nensional capillary colum systemutilizes a non-polar first

col um  ( BPXompodntsBtWhile thtdfratiig theldentitied petiksf thtdtigh tBéentdeReeatiod BPX- 50, 9
meter, 0.25 mmLD., 0.25mmfilm, second colum. Both capillary colums are

t he producttimepf Be2D €. chrpmaiogranTiin tBPynge of €230 &aiuthe weightai ni ng 50%
Phenyl Pol ysi | phenyl.ene-si.l oxgne. A gdual . jet ther dul ation assenbly
based on ZSBBEERYSFaGyocl Tsp e iR acbith SRE o FRoR ORbEH AR T r ogen
cool ed "t r apmhEla8A&l§ obEhidld. | Bibld PERIW a tpeal %fghtpércbm%@bf aRgliygeen these
two colums. A flane ionization detector (FID) 1s used for the signal

det ect i on. and@s@parrgms|at cash asapgpitted warbon mprmbersdn Wie feedgodk dgskiibedain 300C
fromlinlet..,Carrier gas is programmed from1l.5 m/mnute with O m nute hold
and 0. 05 m]?’??i“}P&?z- per mnute increnent to 5.0 m/mnute with O mnute

hol d. The oven was programed from 2¢BEpMth O mnute hold and 1.5C per

m nute increnent to 315C with 0 m nute
Feedstock Composition Based on 2D-GC Chromatogram

Carbon 23 24 25 26 27 28 29 30 31
Number
N 027 | 066 | 095 | 0.84 | 1.00 | 0.79 | 051 | 041 0.28
1P, 0.14 | 066 | 134 | 1.76 | 1.88 | 1.62 | 1.30 | 1.04 | 0.68
Py 042 | 0.89 | 146 | 1.52 | 1.71 | 1.52 | 1.16 | 0.79 | 0.54
1P¢ 0.09 | 026 | 0.65 | 1.02 | 0.62 | 058 | 042 | 032 | 0.22

[0058] The Paraffin Index for this specific sample is calculated over a given
carbon range bounded by a lower carbon number, n, and an upper carbon number,
m, by summing at each carbon number (L) the ratio of (n-paraffins plus the A
group of isoparaffins) to the (n-paraffins plus the A, B and C group of isoparaffins).

The mathematical expression of Paraffin Index is described as follows:

Paraffin Index = Z (n - paraffin), + (Iso-paraffins group A),
L=n (Total paraffins);

or

Paraffin Index = i N, +(IPs),
= [N, +(Pa), +(Ps), +(Pc), ]

where n and m represent lower and upper carbon numbers of lube baseoil
components in the carbon number range from 16 to 50. Ny, is the amount of n-

paraffin in wt.% for each individual carbon number L, (IPA);,+ (IPg). + (IPc)L



hol d. The total GC run tinme was 70 m nutes. The nodul ati on period was 10
seconds. The sanpling rate for the detector was 100 Hz. After data

acqui si t iwn,200600538 processed for qualitative and quant PCatiSe@sAnERDySi S.
The qualitative analysis converted data to a two-di nensional inmage that was
processed by a commercial program "Transfornt (Research Systens Inc.,

Boul der, CO). The twodi nensional imge was further processed by "Phot oShop"
program ( Adobe System lInc., San Jose, CA) to generate publication-ready

i mges. An in-house programwas used tgequantify the peak vol unes. [0057]
Figure 2 presents a 2D GC (GCxGC) chromat ogram of the feedstock of Exanple
1. Using C27 as an exanple, the chronatogram denonstrates the detail ed

n- par af f ns .S Qs : f hib Rl PhS) ed

integrati orﬁé%?%%shleiﬁqqggﬁﬁ ?if%el%dpg%)ar%gﬁgﬁ?sf%%%cé g??%gﬁ §g§ affins are
not conpl etcehsecntisetarbon numbérs of wepadiffins éfuoh ab betpaer nCodwnd o pakaf f ns have

been grouped into_three regians,_ |PA |PB n Pc, at. each_.associ at ed

car bon nunﬁé@p&fcagﬂﬂatﬂﬁ’séﬁﬁe%ﬂgﬂéﬁg?f bfW“i&PE Ti%}:i{ee ‘rsé‘tsif?llgo‘f’%@rﬁl?fenti fied

peaks thr Olégfbohh%é@d%irﬁlf'%srﬂﬁﬂgit@gl.ﬂ me of the 2D GC chromatogram (in the
3 to 1), t

range of C2 e wel ght percentage of n-paraffin and
i so-paraffins at each associ ated carbon nunber can be quantitatively

so- par af £ IG5 SR s Ge b drvan oaeh 4 f 0 e oo deotk deacr | bed

in Exanpl e glgg.

. N, +(IPs) 0.27+0.14
Ratio valueof C, , = 2 2 = =0.
23 [N, +(IP4),, +(IPs),, + (IPc),,]  (0.27+0.14+0.42 +0.09)

[0060] For Cyy: carbon number L=24, N = 0.66, IP, = 0.66, IPg = 0.89, IPc=
0.26:

N,, +(IP2),, ~ 0.66+0.66 o
[N, +(IPa),, +(IPg),, +(Pc),, ] (0.66+0.66+0.89+0.26)

Ratio value of C2 4=

[0061] Similarly, the ratio value of C,sto Cs; are 0.52, 0.51, 0.55, 0.53, 0.57,
0.56, respectively. The sum of ratio value of Cy; to Cs11s 0.44 + 0.53 + 0.52 + 0.51
+0.55+ 0.53 +0.53 + 0.57 + 0.56 = 4.74, which is the value of the Paraffin Index

of baseoil feed sample. This corresponds to the first value in Table 5 below.

Example 5
Correlation of Paraffin Index to Formulated Engine Oil MRV

[0062] For each trim HDW lube baseoil sample, based on the 2D GC analysis,
the paraffin content can be quantitatively obtained and Paraffin Index can be

calculated from the equation defined in the previous example. Table 5 summarizes



TABLE 4 Feedstock Com osition Based on 2D-GC Chromato ram [ 0058] The
Paraffin Index for this specific sanple is cal cul ated over a given carbon
range bouwodedodnsse9l ower carbon nunber, n, and an upper PCarusewsourzber, m
by sunm ng at each carbon nunber (L) the ratio of (n-paraffnms plus the A
group of isoparaffins) to the (n-paraffins plus the A, B and C group of

| soparaffins). The mat hemati cal expression of Paraffin Index is described
as follows: Paraff in Index (n - paraffin)L + (Iso - paraffins group AL
(Total paraffins)L or Paraffin Index =o8 L +(I1PA)L [NL +(I1PA) L +(I1PB) L
+(1PC)J where n and mrepresent |ower and upper carbon nunbers of | ube
baseoi |l conponents in the carbon nunber range from 16 to 50. NL is the
amount of s‘ﬁ?&fMF [ | PA) L+
(TP BL (I gﬂ ??‘i i;%r?ledgg)ﬁﬁédtﬁgﬁe Rﬂfo\f tﬁ@?gg‘g%%ﬁ@%ﬁ le§ et e)nt i on
ti mes bet westidiédwo consecuti ve carbon nunbers of n-paraffns (such as between
nC26 and nC27) .. A sanple calculation for  the Paraffin |Index based on Tabl e
4 is as follows for the carbon nunMége from23 to 31. [0059] For C23 :
carbon nunmber 1= 23, N = 0.27, |PA=0.14, 1P =042 DPC 0.09:

Reaction . Measured
Trim HDW Temperature Pour Point Paraffin Formulated Oil
Catalyst °C) °O) Index MRV
(cP)

Feed -18 4.74 36211
Catalyst D 270 -19 4,73 33700
Catalyst E 255 -20 4.61 31400
Catalyst B 260 -17 4.63 30874
Catalyst D 290 -19 4.68 29600
Catalyst C 320 -19 4.68 27876
Catalyst C 325 -18 4.64 26870
Catalyst C 330 -21 4.66 26050
Catalyst E 260 -22 4.52 25800
Catalyst B 270 -19 4.56 25306
Catalyst C 340 -19 4.56 23170
Catalyst E 265 -22 4.47 23000
Catalyst A 290 -19 4.38 19536
Catalyst D 330 -22 4.45 19100
Catalyst D 340 -24 4.40 17300
Catalyst D 340 -25 4.40 17300
Catalyst A 295 -21 4.34 17004
Catalyst B 280 -21 4.37 16130
Catalyst E 275 -26 4.37 16100
Catalyst E 280 -32 4.38 14800
Catalyst B 290 -29 4.32 12700
Catalyst A 300 -27 4.30 12675
Catalyst A 300 -30 4.29 12675

[0063]  The resulis from Table 5 are plotted in a graph with measured MRV
being the Y-axis and Paraffin Index being the X-axis. This produces a graph
containing the scatter data for the studied samples. A linear line fit is applied
through the data points using conventional least squares techniques. The linear

regression line is demonstrated in Figure 3 for a set of data points of the studied



n.., , N23 +(IPA) 23 0.27 + 0.14 Ratio value of C,,, = ---- - = =0.44 23
[N23 +(I PA) 23 +(IPB) 23 +(I1Pc) 23 ] (0.27 + 0.14 + 0.42 + 0.09) [0060] For
C24 : carwornoownsbmp L=24, N = 0.66, |PA = 0.66, |PB = 0P89/USRISH412026: |,

, » N24 +(1PA) 24 0.66 + 0.66 Ratio value of C=---- = =0.53 24 [N24
+(1PA) 24 +(IPB) 24 +(1Pc) 24 ] (0.66 + 0.66 + 0.89 + 0.26) [0061]
Simlarly, the ratio value of C5 to C3 1 are 0.52, 0.51, 0.55, 0.53, 0.57,
0.56, respectively. The sumof ratio value of C23 to C3 1 is 0.44 + 0.53 +
0.52 + 0.51 + 0.55 + 0.53 + 0.53 + 0.5798+ 0.56 = 4.74, which is the val ue
of the Paraffin Index of baseoil feed sanple. This corresponds to the first
value in Table 5 below. Exanple 5 Correlation of Paraffin Index to

For nul at ed (EROITNGY Shih {XE%VF{gQLP@?luLﬁ%te%fé%&félamoH%ﬂ BERRcOABE PalarBAMD! €,
based on the 2D GC ang ysis, the paraffin content can be quantitatively

obt ai ned arddddaamsif MRV fardesmdatied tiemotevenbdbaoil sodiadsivaridusn def i ned in
t he previous aExa | e. Tablggcg.sumrari zesthe Paraffin Index and the neasured
MRV for th&taysh QETS BYBBPTS sanpl es studi ed. TABLE 5 [0063] The
results fromTable 5 are plotted in a graph with neasured MRV being the

ot ai i ng REA caleraidSgt SHBudiiede Ll BLPSUER laPrRRieed ¢ 1 o

appl i ed MRY and calculated Paraffin index listed in Table 5. We use the excel linear line

I o-

fit function which can automatically calculate the linear equation listed in Figure 3.
The linear correlation between MRV of the formulated trim dewaxed baseoils and

Paraffin Index of the trim dewaxed baseoils is expressed as:

MRV =46030 x Paraffin Index -184703 (2)

where slope of the linear equation is 46030 and intercept is -184703. The
established linear correlation showed the coefficient of variation, R, equal to

0.9219.

[0065]  Utilizing the equation 2 stated above, a predicted formulated engine oil
MRY value can be calculated based on the Paraffin Index of trim dewaxed baseoil
samples. For example, the baseoil produced at 270°C using catalyst D was analyzed
by 2D GC and the Paraffin Index of this baseoil sample was calculated as 4.73
based on the 2D GC data analysis. We can substitute the obtained paraffin index
(4.73) into Equation 2. The predict formulated engine oil MRV of the sample is

calculated as following:
Predicted Formulated Engine Oil MRV =46030x4.73-184703=33141

[0066]. Table 6 lists measured MRV, predicted MRV and the percentage of the
difference for trim dewaxed baseoil studied using various catalysts and process
conditions. We can apply the same procedure to new baseoil samples to obtain the

predicted formulated engine oil MRV.
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s: MRV =46030 x Paraffin Index -184703 (2) where slope of the
184703. The established |inear
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[0065] Utilizing the equbidMe
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R2,

equal

to 0.9219.

ggnof ed formul ated engi ne

: 1éd Stutliedex of tri m dewaxed

oil MRV val ue can be Vkﬂeh
baseoi | sanples. For exanple, the baseoil produced at 2700C usi ng cat al yst
D was anal yzed by 2D GC and the Paraffin Index of this baseoil sanple was
cal cul at ed @p¥rin IPWaseReationhe| 2 {) djt a MRV ysi s. MRV can Diffiirencet it e t he
obt ai ned pajr alChatalyst ndgRenfpkr@tdye t i Meas@re ThePwediettidct f ¢Yayul at ed
engine oil |VRV of the|sanptp is épgﬁﬁated &P)f ol | owi(cR):
Feed 4.74 36211 33619 7

Catalyst D 270 4.73 33700 33141 2

Catalyst E 255 4.61 31400 27343 13

Catalyst B 260 4.63 30874 28531 8

Catalyst D 290 4.68 29600 30501 3

Catalyst C 320 4.68 27876 30769 10

Catalyst C 325 4.64 26870 28814 7

Catalyst C 330 4.66 26050 29898 15

Catalyst E 260 4,52 25600 23157 10

Catalyst B 270 4.56 25306 25329 0

Catalyst C 340 4.56 23170 25191 9

Catalyst E 265 4.47 23000 21261 8

Catalyst A 290 4.38 19536 17090 13

Catalyst D 330 4.45 19100 20230 6

Catalyst D 340 4.40 17300 17769 3

Catalyst D 340 4.40 17300 17858 3

Catalyst A 295 4.34 17004 15018 12

Catalyst B 280 4.37 16130 16475 2

Catalyst E 275 4.37 16100 16269 1

Catalyst E 280 4.38 14800 16824 14

Catalyst B 290 432 12700 14125 11

Catalyst A 300 4.30 12675 13039 3

Catalyst A 300 4.29 12675 12686 0

[0067]  According to the MRV test method (ASTM D4684-02a), the statistical

repeatability of MRV test is 13.2% from mean at test temperature of -35°C. In

addition, the reproducibility of MRV test is 35.8% from mean at test temperature of

-35°C. As seen in the Table 6, all variations between predicted and measured MRV

are below the reproducibility uncertainty range. Therefore, we can conclude that



Predi cted Fornul ated Engine Ol MRV = 46030 x 4.73 - 184703 = 33141 [ 0066]
Table 6 |ists neasured MRV, predicted MRV and the percentage of the

di f f er encwof2006/45649m dewaxed baseoi| studi ed using vari oRsTast@syst286 and
process conditions. W can apply the sane procedure to new baseoil sanples
to obtain the predicted fornmul ated engi ne oil MRV. TABLE 6 The Measured,
Predicted and the Variation of Formulated Engine G| MV of the Sanples

St udi ed [0067] According to the MRV test nmethod (ASTM D4684-02a), the
statistical repeatability of MRV test i39-13.2% from nean at test
tenperature of -350C. In addition, the reproducibility of MRV test is 35.8%
fromnean at test tenperature of -350C. As seen in the Table 6, all

vari ati ons (Heh WP RIR BT @ticiiRd t801TBRBEL Wzﬁ@c@é&nhﬁde%ﬁh@s geproduci bility
uncertainty range. Therefore, we can conclude thatthe new MRV correlation

t ool devel gpechtihie 2RUGE Yt for hredipimnmf MR Ve thnfoanubpedbine dawexadacy f or

predi ction  of of the fornmulated tri mdewaxed baseoils. CLAIMS : 1. A
process forbaﬁ?oé icting the Mni Rotary Visconeter (MRV) properties of
formul ated oils which conprises: (a) injecting a basestock sanple into a
first colum of a 2-dinensional gas chromatograph, said first colum being
coated with a non-polar material to separate the basestock sanple into a
series of first dinmension sanple conponents having a first set of retention
times;



(b) injecting the separated first dinension sanple conponents fromstep (a)
into a second colum coated with a sem -polar material to further separate
t he separwbeadodissep di mensi on sanpl e conponents into seecmaSdéosSHMRION
sanpl e conponents having a second set of retention tines; (c) subjecting
the first and second sets of retention tines to qualitative analysis to
identify n-paraffin and iso-paraffin conponents or groupings thereof and to
guantitative analysis to identify the quantity of the n-paraffm conponents
and i so-paraf fm conponents or groupi ngsgithereof having carbon nunbers in
the | ubricant basestock range; (d) grouping the iso-paraffin conponents
into x groupings where x is a nunber fromO to 3 for each identified

i ndividual ¢phgnparaffin in the carbon nunber range from 16 to 50; (e)
sel ecting a—#UmET’carbon nunber n and an upper carbon nunber m (f)

identifying the n-paraffin and a first, second and third iso-paraffin group
P B o Sl 2L gD TWIRer By AP BRgE LLamy o
over oo DOy o2 oon nurber  whereln the Pl (i
group AL ji)( Tdnjabtin:ga& bdskstosl) kanmblerigtola first ¢dvemo af b @rdimenkienalgfast he
| dentified par afc iorgatggr%{)h,tsgled tclras{ gcg)hqmn being coated with a non-polar material to
separate the basestock sample into a series of first dimension sample
components having a first set of retention times;
(b)  injecting the separated first dimension sample components from step (a) into
a second column coated with a semi-polar material to further separate the
separated first dimension sample components into second dimension sample
components having a second set of retention times;
(¢c)  subjecting the first and second sets of retention times to qualitative analysis
to identify n-paraffin and iso-paraffin components or groupings thereof and
to quantitative analysis to identify the quantity of the n-paraffin components
and iso-paraffin components or groupings thereof having carbon numbers in
the lubricant basestock range;
(d)  grouping the iso-paraffin components into x groupings where x is a number
from 0 to 3 for each identified individual lube paraffin in the carbon number
range from 16 to 50;
(e)  selecting a lower carbon number n and an upper carbon number m;
()  identifying the n-paraffin and a first, second and third iso-paraffin group A,
B and C for each individual carbon number over the range from n to m;
(g) calculating a Paraffin Index over a given carbon range bounded by a lower

carbon number, n, and an upper carbon number m, wherein the Paraffin

Index is calculated by:



range fromn to min the baseoil sanple, (n-paraffin) L is the amount of
the normal paraffin at each individual carbon nunber, (Ilso-paraffins group
AL is thwoanmmunss49ef iso-paraffins in a first group A atrceamshoosidizoé dual
carbon nunber, and (Total paraffns) L is the sumof n-paraff n plus
iso-paraffin groups A, B and C at each individual carbon nunber; (h)
repeating steps (a) - (g) for a series of basestock sanples; (i) neasuring
the MRV for a series of formul ated basestock sanples; (j) plotting neasured
MRV of the fornul ated basestock sanpl eg2versus Paraffin I ndex of basestock
sanpl es to produce a plot having a slope (a) and an intercept (b); and (k)
calculating the predicted MRV using the equation MRV = (a)(Paraffin |Index)

- (b). 2. The process of claim1l F@hd) L SE8LOLK been sol vent
extract ed, hydrdE?E%ﬂﬁ&in@ﬁXeXE}ag¥2§zl . QﬁoQ?, Qﬁ_;ﬂgﬁ he process of
claim 1 wherein the basestocki-has been dé %) The process of claim 3

wher ei n dewaxi Ngyliete DYs e dafiRttnudiiRr 8f 1Rl MAHedPRVWERhOSvaTthe 84Bbyt i C
dewaxi ng. 5. The process of claim4 wherein catal ytic dewaxing iIs under

ef fective dewax irmggedmminttbcmmm e basemilpampls $n-phrafiig ns Giewensouat of tef ecti ve
devaxi ng condi 1 00s, | ncl ude, LOURCE ALY P2, BS! HEST.2RRN Y2905 £Q,3000 4000G

is the amount of iso-paraffins in a first group A at each individual carbon

number, and (Total paraffins); is the sum of n-paraffin plus iso-paraffin
groups A, B and C at each individual carbon number;

(h)  repeating steps (a) - (g) for a series of basestock samples;

(1) measuring the MRV for a series of formulated basestock samples;

(G)  plotting measured MRV of the formulated basestock samples versus Paraffin
Index of basestock samples to produce a plot having a slope (a) and an
intercept (b); and

(k)  calculating the predicted MRV using the equation MRV = (a)(Paraffin
Index) - (b).

2. The process of claim 1 wherein the basestock has been solvent extracted,

hydrotreated or extracted and hydrotreated.
3. The process of claim 1 wherein the basestock has been dewaxed.

4, The process of claim 3 wherein dewaxing is by at least one of solvent

dewaxing or catalytic dewaxing.

5.  The process of claim 4 wherein catalytic dewaxing is under effective

dewaxing conditions.



to about 20786 kPa, hydrogen treat gas rates of about 89 to about 890 nwVvnB

, and liquid hourly space velocities of about 0.1 to about 10 V/V/hr. 7.
The procewe 20d6/55@pm 1 wherein the formul ated basest ock peamsk@s/ omeve been
formul ated with an additive package. 8. The process of claim1l wherein the
non-pol ar material has a polarity between 0 and 20. 9. The process of claim
1 wherein the sem-polar material has a polarity between 20 and 50. 10. The
process of claim1 wherein separated first dinension sanple conponents are
sent to a nodulator. 11. The process of3claim8 wherein the non-pol ar
material is a nmethyl silicon polyner. 12. The process of claim9 wherein
the sem-polar material is a nethyl silicon polynmer in which at | east sone

of the nethyl gmﬁg&c@%ﬁc@ﬁﬁﬁs SubRt bt e RvwakRB Yondikidns Hefuder ocess of

claim1l whereint retention tinmes for separated sanple conmponents from
t he second tethpexaisiresrbetsweencabopt 2¢D°0 tohaboted (08 Copitessimest harwrserf arasa Ao

conponents fromt | kst di nension sanpl e.co nts t orym a
conpr _ehensitQ/éb?%Bgfg%%%ib@a%ﬂgeﬁﬁﬁe%&séggﬁﬁfgtiogl? %Qﬁ a%?‘ﬁ%(e)éys A m 1
wher ei n t he;gl,3PrRAAHhEOVASTRENSMLRUA0.§ t95BMREEY V/WEr.3 groups.

7. The process of claim 1 wherein the formulated basestock samples have been

formulated with an additive package.

8. The process of claim 1 wherein the non-polar material has a polarity

between 0 and 20.

9. The process of claim 1 wherein the semi-polar material has a polarity

between 20 and 50.

10.  The process of claim 1 wherein separated first dimension sample

components are sent to a modulator.

11.  The process of claim 8 wherein the non-polar material is a methyl silicon

polymer.

12.  The process of claim 9 wherein the semi-polar material is a methyl silicon
polymer in which at least some of the methyl groups have been substituted by

phenyl.

13.  The process of claim 1 wherein the retention times for separated sample

components from the second dimension are coupled with the retention times for



15. The process of claim 14 wherein the total

npar af f m pl

us the 3 groups of iso-paraffins. 16. The process of clai

wher ei n rwpanaidss49i s t he anmount of nornal paraffin for pamyusgeosem20a
nunber L. 17. The process of claim1l wherein the basestock sample is

non-f or nul at ed.
sanples are fornulated with an additive package.

18 wherein

i nhibitors,
mul ti functi

and foam i RhinBid AnSponSRls\HRSH she 28t dible@siBh A&BPR Pinfdnh@d foMies ei n the

paraffins are the sum of the

m 1
r bon

18. The process of claim1 wherein the fornul ated basest ock
19. The process of claim

the additive packages contains at | east one conponent sel ected
from di spersants, detergents, wear inhi3d@hitors, antioxidants, rust

denul sifiers, extrenme pressure agents, friction nodifier
on additives, viscosity index inprovers, pour point depre

fomul ated are for use I n passenger car internal conbustion engines.

process of

cotmprehensiwh éwe-dimensioml ghromatogram.

14.  The process of claim 1 wherein the iso-paraffin components are grouped

into 3 groups.

15.  The process of claim 14 wherein the total paraffins are the sum of the n-

paraffin plus the 3 groups of iso-paraffins.

16.  The process of claim 1 wherein n-paraffin is the amount of normal paraffin

for any given carbon number L.

17.  The process of claim 1 wherein the basestock sample is non-formulated.

18.  The process of claim 1 wherein the formulated basestock samples are

formulated with an additive package.

19.  The process of claim 18 wherein the additive packages contains at least one
component selected from dispersants, detergents, wear inhibitors, antioxidants, rust
inhibitors, demulsifiers, extreme pressure agents, friction modifiers, multifunction
additives, viscosity index improvers, pour point depressants, and foam inhibitors.

solvents.

20.  The process of claim 1 wherein the fomulated are for use in passenger car

internal combustion engines.

21.  The process of claim 1 where in x is 3.

S,
ssants,

21. The



