WO 2009/085447PCT/U52008/084119 PROCESS FOR PREPARING A POUR POINT DEPRESSING
LUBRICANT BASE OIL COMPONENT FROM WASTE PLASTIC AND USE THEREOF FIELD OF
ART The [%{,%Sﬁ)lag fgggigsure relates to a process for preparing a pour pgintgepressingdubricant base
oil blending component from a plastics feed. More specifically, the present disclosure relates to a

process for preparing a pour point depressing lubricant base oil blending component by pyrolyzing and
isomerizingra Pla SRS HORIPREP pR B 4iZEMRRAINR D FERESES Q&’e‘%ﬁq ?ﬁproving the

10lubricating piapeies gh AR AREAL K ENdinGs I NP DEETRAITKHeressing lubricant

base oil blending component and a lubricant base oil blend comprising the pour point depressing
lubricant base oil blending component and a lubricant base oil. 15 BACKGROUND Finished lubricants
used for agjemphies, giesel engines, axles, transmissions, and industrial applications consist of two
general components, a lubricant base oil and ad_ditive? rLurtérig%rgt Q%ggr%igjjgtthe major constituent in
these Finished IuBTIAMEEENY KO TRE SIgh BRI (0 the Properties of the finished lubricant. in
general, a feynd2uRricrRahbase oils Regtngadtopomamufacturelssiie Eearidtyef finished lubricants by

varying the mixtures of individual lubricant base ojls indivi ddities noint Numerous governing
organizatiSAE HHALHY 8%%%%‘&%8%8&%%5 ?ﬁ%ﬁﬁé’ﬁﬁ‘?&ﬁ%&éﬁ), thé%ﬁﬁgrican Petroleum Institute
(API), Assg@ﬁaéi@[hga&)ﬁ‘msmwu@ﬁmm@mmwwEﬁiﬁ?lﬁi’é‘l&ﬁ%ﬁéﬁ‘ﬁ%‘&ﬁéﬁ/ of Testing and
Materials (ASTM), and.the Society.of Autonaative i (SAE) ramangatheiis, define the
specificatiol Y6 fﬁ%‘%icga lgggnéﬁégéiﬁd finiShéyaq Iﬁ?ﬁé%@rﬁs&ﬁncr asin Ly?ﬁ)]eﬂgppicifications for finished
lubricants arercatlingropprodudts With-axcbsritdi ?é%%&?dfu‘?’éﬁbﬁa%%rt‘f*ég?}ﬁ‘gh oxidation stability,
and low VOA%“%%&}EW&EHE%&@% a;shalkiraction,ehthedubrivsntdaskasisittamtactured today are able
to meet these .ebmanding specifications. Lubricant basei %ﬂ% ye Iggg ant.base pils having a
viscosity of et BTHE OP ErBaR SPITHEL fEPREMPIE, About 4 ¢St or greater at 100C; a pour point of
about 9C of lessfor,example, about -15C or less; and a viscosity index (VI) thatis WO
2009/085447PCMJS2008/084 119 usually about 90 or greater, for example, about 100 or greater. In
general, lubricant base oils should have a Noack volatility no greater than current conventional Group |
or Greup llgightinewca/wis. Group Il lubricant base oils are defined as having a sulfur content of equal

to orless than 300 ppm, saalss edualio, A0%farealss andiea Wiibewesmadand 120. Group I
lubricant base oils 4ré defined as aving a sulfur L it and
and industrial applications consist of two general components, a fubricant base o1i an

additives. Lubricant base oil is the major constituent in these finished lubricants and

contributes significantly to the properties of the finished ubricant. In general, a few
50  lubricant base oils are used to manufacture 2 wide variety of finished lubricants by
varying the mixtures of individual lubricant base oils and individual additives.
Numerous governing organizations, including Original Equipment
Manufacturers (OEMs), the American Petroleum Instizute (APT}, Association des
Consructeurs ¢ Automobiles (ACEA), the American Society of Testing and Materiais

(ASTM), and the Society of Automotive Engineers (SAE), among others, define the
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specifications for ubricant base oils and finished lubricants. Increasingly, the
specifications for finished lubricants are calling for products with excelient low
temperature properties, high oxidation stability, and low volatility. Currently, only a
small fraction of the lubricant base oils manufactured today are able to meet these
30  demanding specifications.
Iubricant base oils are iubricant base oils having a viscosity of about 3 ¢St or
oreater at 100°C, for example, about 4 ¢St or greater at 100°C; a pour point of about

9°C or less. for exampie, about -1 5°C or iess: and a viscosity index (VI) that 18
i




content of equal to or less than 300 ppm, saturates equal to 90% or greater, and a VI of greater than
120. Lubricant base oils refer to a hydrocarbon product having the above properties prior to the
addition of Vay%ct!!lglﬂ\%%s.sgpe class of addltlve§ are pour pqlnt depressants.lQRaunpaiet isthe lowest
temperature at' which movement of the lubricant base oil is observed. In order to meet the relevant
pour point specification for a finished lubricant, it is often necessary to lower the pour point of the
lubricant base: bl &y theladditisteoflar poemplsibesp 88 SE PSP SRTCERPTEEERRES are typically
polymers with peg%gg‘&@%%(%%%%&%ﬁﬁ&?ﬁ@ﬂ& ipteractiwith therpasaifins indhedubsicant base 150il by

inhibiting the formation arge wax crystal lattices. They generally haye glwax-liﬂke paraffinic part,
which co-coystalizds bith nearalailfofFimg BoRIpABMRE OGS ERFA HAIAPBAR which hinders crystal
growth. EXQH%BL%&ERQH%QQ&@W@H@%@&H@(b’@@,ﬁiﬂ, idiatas-anel ethyleners viryteacatate copolymers,
vinyl-acetate olefin copolymers, alkyl-esters of styrene-maleie-ar ride copolymers, alkyl-esters 700f
unsatu?ateﬂ-%b?ﬁﬁ%iﬂ}bggc?ag,168Iﬁ%%%&%§%§?%| I%IX? aé’fh%%{:y gtzéss% Ak %ﬁ%%%ls, and
alpha-olefip Gppalymars) Many-potiapoilt sepsessants ayess ol anbiattrtemberature and must be
diluted with solvent ﬁ_ggg'& use. Conventional pour point depressants are expensive adding
significantl{ t6"H&ET %reparing the finished lubricant. 25Thus, there is a need for a less costly
process for preparitigriaspobaspoilt Géprassantravddito malguehbreng 1hEBeVfoPTAR5T8E8ss for preparing
a pour point; depresean (hatusesan nsxpensive andseadi guailabla ledsinak, There is aiso a

need for a B?ocess or preparing a pour point depressant that prpvides,g Q{ignificapt{\BOyield of the pour
point depredsantoSUMBARYes! CPpevilEd Raroirniea rovicy 1Bt IUKRY 556 3F sdint depressing

lubricant base oil.hlending.companent {n-itmbreadsshaspasticthiepfocessisbaiprises: pyrolyzing a
plastics feed comprising golyethylene ina py{r%gsis zonge at ﬁtemgeratl{n'Be in (gn%\r,qgge of about 450C
a

to about 700CrEARkA e SHENBES RTINS YEGE RILBSI S TS5 1 about 1 hour To provide a

pyrolysis efflugntisomesization dewessing. atdensdaprtiomafitrecpyrotybis refituest with an
isomerization dewaxing catalyst in a catalytic isometization dewaxing Zongia R4 a isomerization
dewaxing eWFﬁ}éH‘f‘t%ﬂ?%}ji@fﬁ’Q@’ 8&% Boin %ngérgs%fn%ﬁjbriqgﬁt base oil blending component; and
recovesng thewpathipoing depkessingnlebirantbaseysitblenamtg EoinseneAtB&Hffin the range of
about 900F g, ahout L1A0F.a0d NAIAA PAKLAGIB! R heangershagubrifiGdo.about OC.

Among otherTactors, it has been discovered that such a pracess provides a si(r:lﬁ]ificant yield of the

pour point depreksimbadublicanrbaye N HIERAHGRbEPSNe it UHAH 348%Y '] lubricant base oil, the
pour point depressing Ubricanthase o biendieg sompaneatoan yeduceithe-pawipoint. It also has the
potential to increase the viscosity index qf, lower the sulf r content ongdecrease the Noack
volatility of @Wiﬁ%ﬂlﬁﬁ%ﬁ}.‘%esﬁéw &fﬁ&?S"gﬁgﬁﬁear‘%lSpe%E %ﬁ%%ge}’%%g{ba\[}%ig a pour point
depressging luhriganthase:sidisndiog comipaiehtryhich. isdyploumetiscajistied feed subjected to

pyrolysis and catalytic isomerization dewaxing raduct: hoili 0 308Fk:and 1100F and
having a poHP‘ﬁlS’llﬁt ?mﬁg}?ﬁﬁjézeeugfc% tobe Igr% v%%%g%{?%gg%ﬁ%gﬁfgdﬁqmprises polyethylene.
Also provideghisifuntieraspertisametdos rerimbroVAG IHPTUBHESHNG PIOPLRRE S lubricant
base oil, the method compriging; makin . pointdepressing-ibriankhageheil blending
component %ﬁ%%gestsﬂ Seé%rrifrg}c{:ess aég?j%?r%%%gg\%e; and blending tﬁeed%bri%ant base oil and the
pour point d8présditigptifericant base oil blending component. Such method utilizes the pour point
depressing Iubrica%ggstgegglip@ﬂ@ﬂ@go@@m@@e@m;m&dedsy"dh@raﬁmg-d@gmip@idiprocess. More
particularly, such method involves making a pour point depressing lubricant base oil blending
component éﬁ?fﬁﬁé’ﬁaing the lubricant base oil and the pour point depressing lubricant base oil
blending componentdditionally, there is a need for a process for preparing a pour point

depressant that uses an inexpensive and readily availabie feedstock. There is alsc a
need for a process for preparing a pour point depressant that provides a significant

30 vield of the pour point depressant
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According to yet another aspect, there is provided a lubricant base oil blend comprising: the pour point
depressing lubricant base oil blending component as defined above; and a lubricant base oil.
According to an aspect, another method for improving the lubricating properties of a lubricant base oil
is also provgq?ﬁfgﬁ&%qf According to this method, the lubricant base oil is blended with a sufficient
amount of a pour point depressing lubricant base oil blending component to provide a lubricant base
oil blend having a Pegitided poampsimpratserdin thakpowik porrtRisprdeaia I HEHAAH8856il blending
component s fasovered fram, a-plastics red Compising paethylens thalhasBrsmpyolyzed and
catalyticallyd%omeriizgion g)g}?vaxed, boils in the%%ge of a%out 900F fo abogt%l%%ﬁgand has a pour
point in the pxtes dtebounprb@gdabstinbme in a pyEebEdNPES Yer ppREgsiacha@ gRother
method for JRSBNING (R WIHGaHnGGPrORRIIAR QhaUPHERThRASE:AIS PIBYISHMBRIA | comprises
the following steps: (a) isomerization dewaxing a pyrolyzed plastics feed by contacting at least a
portion of thd@pyrblyredtpprstidderepurrinsiaalitere isemeriaefmimpsataysiasaRagipic
isomerization dwaria RGPS AN RemAriealiRn denena allieatsamagsing a pour point
depressing lubricant base oil blending component, wherein the pyrolyzed plastics feed originates from
a plastics fdsehuuingiisinds peljeerisnEothErhées hiseR fyfalizedeiB) R 648HFY the pour point
depressing éuﬁ%mg’a@%& LRlaring-camPanaaLRaiing i m&@ﬂg%@ﬁa@%;% to about 1100F

|

and having a pour paint'in the range of about -15C to about 0C; and (c) blending the pour point
depressing ledsrigameshs o Ui Drintigrestisonbrcmib e dldteadins s8I ¥ROBIBRE proportion to

produce a Iybricant base Al BirRg Reying:a 1ewar RavnRciY haniheikbrcasthase.eil.  Additionally

disclosed herein % a pour point depressing lubricant base oil blending component which is a product of
a plastics febggubjEdide dPydisis and catalytic isomerization dewaxing, the product boiling

between about 900F and ahout1100F ANd hauinaRARHEPRIR!SLINE sAnae ¢ abeut 515C to about 0C

and wherein the plastics feed comprises polyethylene.  Finally provided herein is a lubricant base
oil blend costgriSieantiicsbel theipewapras sieryasonadviizass bire halrpddehfisoMmMe s described
above, and g lufricantngsa ok BRIEE PESCRIBHOM P FHERRAWING S ase ofIG- 1is a

schematic flow diagram of a process for making a pour point depressing lubricant base oil blending
component blisibrg ghawergeisapEtuas e ESERIP Hekodestisomicntel tesing5ate plastics” or

"waste polygbyIRDS.iPaRR PASIGS QT AoLiekIY ISR HakhayepeeR sWliest fa.use and are considered

garbage, refuse, or material for recycling. The terms "virgin plastics" or "virgin polyethylene™
means plastielBliponathasenthesafdliresh and/or newly made and have not been subject to use.

WO 2009/085447RGT/SR008/084HD a5pcS UseR hersinviadditivesietsmio chpeaisals that are

added to a lubricant base oil in order to improve certain properties in the finished lubricant so that the

finished lubfidairantdenscraibbigdipeemansms, whisty pginrofud et piesticmisshthiestsibhich a
hydrocarbopf '%i(seaﬂd%éﬁ?ﬁi@m%&é&Mgpm@tﬁ%@%mﬁrégl&@&ﬁé@rb@@@"?" blending

component) will begin to flow under carefully controlled conditions. In this disclosure, where pour point

is given, unkeb SIARSE sivbRdag it meybeeyBtehaireg by raAdarty dhaiyiRhvhetRBdhes TM D-5950

or an equivajenfanalylicalipaiaedoifeiaytRoint is complementary to pour point and refers to the
temperature at
P Also provided in a further aspect is a method for improving the lubricating

properties of a lubricant base oil, the method comprising: making a pour point
depressing lubricant base oil blending component according to the process as defined
above; and blending the lubricant base oil and the pour point depressing lubricant
base oil blending component. Such method utilizes the pour point depressing
lubricant base oil blending component made by the above-described process. More
particularly, such method involves making a pour point depressing lubricant base oil
blending component and blending the lubricant base oil and the pour point depressing

fubricant base oil blending component.



10which a hydrocarbon fraction (e.g. a lubricant base oil or a pour point depressing lubricant base oil
blending component) begins to develop a haze under carefully controlled conditions. In this disclosure,
where cloud point is given, unless otherwise stated, it has been determined by standard analytical
method ASTM D 503380180 dHale AaIER! IUBIBORAS IHRSEIAIG GRS efers (o
kinematic viscosity as measured by ASTM D- 445_or an equivalent analytical method. "Viscosity Index"
(V) refers teovipaising dbe rsdubyors taessng debg q@gderop b cadivakmerenaptieal method.
"Equivalentﬁa%ﬁig%ggemgd;lwmﬁt%ea&glytical method which provides 20results that are
substantially the same a’s_ results provided by the standard analytical method (i.e. ASTM method). As
used herein, "interfrisdigie Drasispesheantanestbedverporarapesdie inbiieatidge of from about 5.3
to about 6.9, ABasiomeYRERIE RAICYS INPLANG AR NecalERgdSorAet@lr or ractive
metal” means one or more metals in the elemental state or in some form'such as sulfide, oxide and
mixtures thérebibResyakileseibisthierdate in which the metallic component actually exists, the
concentraligns, are. pama el anfldheyeuisiad i elapeRialsiete.cMipleiianweilont’ refers to
molecular weight as determined by ASTM D- 302503-02 or an equivalent analytical method. "Boiling
range" refegstepaneirige povids plibris ot bhaee poubpeiraepeassidecrioprREMBRs &vBitBiBnding
componentyln Sgﬁ{g %&ﬁ@&%&&ﬂ%%@gﬁ%@ I mensHe Rolling dangedepsrdsupen whether the
abo :

boiling range | e 1000F or below
plastics feed comprising polyethylene that has been pyrolyzed and catalytically
isomerization dewaxed, boils in the range of about 900°F to about 1100°F, and has a

pour point in the range of about -15°C to about 0°C.
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WO 2009/085447PCT/US20081084119 1000F. For hydrocarbons having a boiling range above
1000F, the boiling range was measured using the standard analytical method D-6352 or an equivalent
analytical method. For hydrocarbons having a boiling range below 1000F, the boiling range was

measure using th%&f#&ﬁ{%@g%%@%% G8REALAR &AMV AIEThpRRAMIGR! method.

"10%-point"” refers to the te ature at which 10 weight % hydrocarbons present within a
hydrocarbohifréetion vaperiziesa fhbsishetinprassisraroriseddiertip pEctoaerivedthefers to a

hydrocarbogqoﬁ%]%%m L@eigsg;rigg %cﬁﬂgﬁﬁ%ﬂl portion, except for added hydrogen, is derived from a

Fischer-Tropsch préce ardless of 10subsequent processing steps. "Noack volatility" refers to
the tendencicothiydrecarotyrécptistissdued bineatrcbasaoipstoaptatitiz @ fnhsaniedyaeds usually tested

according (3, A% {aY080n FHASIIE.R gAmale canyerian: MeMa ianRieulaliag Noack volarlity

and one which correlates well with ASTM D5800-05 is by using a thermogravimetric 15analyzer (TGA)
test by ASTAAVIIBBIES208¢ (0 ProXikylabrasterinsférs tysiaroacyaiemt Rl st poHe gBHeral formula

Cnl1-120+1, icallys "n’i | IERER in I f. int;depressing
lubricant ba%%%ﬁ%&%&%ﬁé%%%ﬁ? g@sﬂggggtr%ed he%ir% e &ﬁ%&é@%&%ﬁg é({if.%??t%l%g alkyl is

methyl, ethyirigmptesp§hmadthtasthstfistirsiosisiesan sty Horcphot s gse preeared Opsome larger
branches. The| E%%ﬁgﬁ%%gﬁ%ﬁ@%&g%%m%@%%?FHT&IMHQ%%ﬂ%ﬁ%ﬁt%ﬁlﬁg‘#ﬂg

component as desc e determined by analyzing a sample of oil using carbon-13 NMR

according téhthetghovhypeededLiorpeotés80 Refaddrodegtpdunnpaidadbfpivgedithe process
provide det%ﬂ%ﬁfig%eerﬁggﬁ%%ééee,sﬁ&%@%ﬁa&g AiBEHpImedRA g lializamaterials from a

new process. _ e CH branch centers and the CH3 branch termination points using the
DEPT Pulseisblpndiie q@apiirett, Wit thedubrieghpskoRiBEadaIpgoRmmIrepPMagHetdeResonance

1982, 48, 373k )i 3% ﬁas\é%iﬁmaﬁd%%ﬁ{gﬁm?m Upitiating duitiple franchesi(quaternary

carbons) using the APT pulse sequence (Patt, S.'L.; J. N. Shoolery, Journal of Magnetic Resonance

1982, 46, 535ff.). erddicopetiy/disskanPeTvioSopsragwnglgyassiyn sha saibageianch carbon
resonances o, Specilic,irangh RASIONS SRchiRPIMSHAING ARUlatesaRd alHlaled yalyes (Lindeman,

L. P., Journal of Qualitative Analytical Chemistry 43, 1971 1245ff; Netzel, D. A., et. al., Fuel, 60, 1981,
307ft). 5 EXeaMiptiE §omerization dewaxing, the product boiling between about 900°F and about

1100°F and having a pour point in the range of about -15°C to about 0°C and wherein
the plastics feed comprises polyethylene.

Finally provided herein is a lubricant base oil blend comprising the pour point
depressing lubricant base oil blending component, as described above, and a lubricant

base oil.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic flow diagram of a process for making a pour point

depressing lubricant base oil blending component as described herein.

DETAILED DESCRIPTION
Definitions

The terms "waste plastics” or "waste polyethylene" mean plastics or
polyethylene that have been subject to use and are considered garbage, refuse, or
material for recycling.

The terms "virgin plastics” or "virgin polyethylene” means plastics or

polyethylene that are fresh and/or newly made and have not been subject to use.



Branch NMR Chemical Shift (ppm) 2-meth
yl 22.5 3-methyl 19.1 or 4 4-meth
Internal ethyl 10.8 Propyl 14.4 Adjacent methyls 16.7 ! 140 drmetyl 196
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As used herein, "additives" refers to chemicals that are added to a lubricant
base oil in order to improve certain properties in the finished lubricant so that the
finished lubricant meets relevant specifications.

"Pour point" refers to the temperature at which a hydrocarbon fraction (e.g. a
lubricant base oil or a pour point depressing lubricant base oil blending component)
will begin to flow under carefully controlied conditions. In this disclosure, where
pour point is given, unless stated otherwise. it has been determined by standard
analytical method ASTM D-5950 or an equivalent analytical method.

“"Cloud point" is complementary 10 pour point and refers to the temperature at
which a hydrocarbon fraction (e.g. a lubricant base oil or a pour point depressing
lubricant base oil biending component) begins to develop a haze under carefully
controlled conditions. In this disclosure, where cloud point is given, unless otherwise
stated, it has been determined by standard analytical method ASTM D-5773-95 or an
equivalent analytical method.

"Kinematic viscosity" refers to kinematic viscosity as measured by ASTM D-
445 or an equivalent analytical method.

"Wiscosity Index" (VI) refers to Vias measured by ASTM D-2270-93 (1998)
or an equivalent analytical method.

"Equivalent analytical method" means any analytical method which provides
results that are substantially the same as results provided by the standard analytical
method (i.e. ASTM method).

As used herein, "intermediate pore size” means an effective pore aperture in
the range of from about 5.3 to about 6.5 Angstroms when the porous inorganic oxide
is in the calcined form.

"Metal” or "active metal” means one of More metals in the elemental state or
in some form such as sulfide, oxide and mixtures thereof. Regardiess of the state in
which the metallic component actually exists, the concentrations are computed as if
they existed in the elemental state.

"Molecular weight" refers to molecular weight as determined by ASTM D-
2503-02 or an equivalent analytical method.

"Boiling range" refers to a range of 10%-points for the pour point depressing
|ubricant base oil blending component. In this disclosure, the method used to measure

boiling range depends upon whether the boiling range is above 1000°F or below
5




4) Quantify the relative frequency of branch occurrence at different carbon positions by comparing the
integrated intensity of its terminal methyl carbon to the intensity of 10a single carbon (=total
integral/number of carbons per molecule in the mixture). For the unique case of the 2-methyl branch,
where both 8 T&#iifrdf and the branch methyl occur at the same resona#ﬁccg%%g?ﬁgﬁf]ﬂ?e intensity
was divided by two before doing the frequency of branch occurrence calculation. If the 4-methyl
branch fractigmis casulgiec-andiahuaigd, itsioontitidn o P02 tethglsnnustdse subtracted to

Loavoid double counting, o) GRlcuIate e Neran s SN B ekl uRIROE carbon number may

be determin&tf WhtA*S accuracy for fubricant materials by dividing the molecular weight of the
sample by bé«(thefbrmikaiwBightydfCbBynshaneerhniios stigaheioss |HEPTnEle £alENE the sum of the

branches found.in step 4. 7) The aumbes.of aliyl heanshiesrer:ke0 sasheratams is calculated from
the number'ofbranches per molecule (step 6) times 100/average carbon number. Measurements

can be performpdcaisingi'@dy Fourier Transform NMR spectrometer. Preferably, the measurements are

performed using a-gpechameler.fs WR-30080R0A% RGIEAL 5 2e8108Ah i8chaking a magnet of 7.0 Tot
greater. In all cases, after verification %é'i/ Mass Sﬁgectrcgn}g[(r))b( UV or an. NMR sé,liré\éggr_that aromatic

carbons weREsHESHRE SFECHHl SR TRRIEE & B8 SRR Lted carbon region, about 0-80 ppm

vs. TMS (tetraipashylsiiaie refelutians ofot 542m pecserinbyhivbighubatatiel ofsHPLdFY9EPE Sexcited by 45

degrees pulses follqwed by a 0.8 sec acq igggpr[txl rder te mininize non-uniform intensity
data, the prtg%ﬁd(ﬁlgggﬁé%ggéﬁalss g%rtléiagcr)ﬁ% gb?"lr%lb al0 s%lc):%c?ng]delay prg%irﬁtlo the excitation pulse and on

during idcquisibiex:dotpdeexperinsEnt times ranged from 11-80 minutes. The DEPT and APT sequences

were carried out acg%g%’gpg EQJH%WIQ{&&%%Q@&%W&IF ines Leynatignpsieaetibed in the Varian or
10Bruker operating manuals. DEPT is Distortionless Snlgg?ngemen&i
e

. e : ) b% tg’?@ ization Transfer.
DEPT does mbtishmwauatisrivarnde i Deprus Se 4 Be Gl S UghE QI Sarbons bonded to
protons. DERTQ0.5b s GtCarbansabo ek k35 skidus:akitid OHBupakdltH2 180 degrees

out of phase (down). APT is Attached Proto Qs .car 08 888Rbut if CH and
C113 are upithERCGRI FFRaEhY %%&m%.%uﬁgegug#%é@é?%ﬁfﬁ? in that ?avery branch

methylighoulg e erenrespondisy MHRGARDHHe methyls are clearly identified by chemical shift and
phase. Both are de,§c§ib rég&be [ efi(,esr%né:;ensogi)tgzger]{Q&Q@g@ﬁb{g@tﬁg)@%g,igsmﬁﬁg@h sample can be

determined by C-1 using tRe assumption In the calculations that the entire 20 sample was
iso-paraffutic; Serreclignsaiierénhot md]éﬁbbﬂﬁfﬁh?&ﬁfﬁ%’%‘rlﬁé%ﬂﬁ%‘ﬁ%?m Ay have been present

in the oil samg{gégggg%m%gb%ﬁz%?sm naRhihenescanien Meyibedhearietiusing Field

lonization M&$8 pectroscoy ). . HMS analysis was conducted by.placing.a small amount
(about 0.1 migiFefithellubdant Basdl it dstay ‘m‘)épd%’gz)t%;‘b.ﬁé‘ﬁ;g %b%@%%geg%%pillary tube was 25

placed &t thedgps%foﬁgﬁ%ﬁqaaﬂﬂé%éﬁrnaemﬁﬁﬁlﬁpﬁegwmemeheanahhérpmgbeg/msmééﬁ%@lffrom about 50 C

to 600C at 100C per minute in 8 mass spectrometer. o ' howt 1Q:6:tutrthe mass
spectrometeF i VRSIERRETSIRE %bﬁ?%%t?gﬁ?l%xn ]ﬁﬁ%ﬁ{sggpggl tromgter. The emitter was a Carbotec 5

urn emitter degigrnerdamilcdnsratitnziAscosmstait (Dl abipenahBincchNRBETPENE, Gsed as lock
mass, was dﬁ'x'é’?cﬁ?gm'{gg stet!f%n-step process. References cited in the description of the process

provide details of the process steps. Steps 1 and 2 are performed only on the initial

25  materials from a new process.

1) Identify the CH branch centers and the CH; branch termination points using the
DEPT Pulse sequence (Doddrell, . T.; D. T. Pegg; M. R. Bendall, Journal of
Magnetic Resonance 1982, 48, 32361

30
2} Verify the absence of carbons initiating multiple branches (quaternary carbons)

using the APT pulse sequence (Patt, S.L.. . N. Shoolery, Journal of Magnetic

Resonance 1982, 46, 535ff.).
6




30mass spectrometer via a thin capillary tube. Response factors for all compound types were
assumed to be 1.0, such that weight percent was given directly from area percent. 8 WO
2009/085447PCT/US2008/084119 Process for Making a Pour Point Depressing Lubricant Base Oil
Blending c&?ﬁ%‘%?&ﬁ?”““’ Disclosed herein is a process for making a pou?%’iﬁ (9%%9%‘5@%9 lubricant
base oil blending component from a plastics feed. Such process comprises a pyrolysis 5step, a
catalytic isomerization dewaxing step, and a recovery step. During the pyrolysis step, a plastics feed is
pyrolyzed taDOVIde APVIRNRRSIUERT, DG e SAANLG mAmGHEIoRdRvaXIng step at least &
portion of th pyro%/5|s effflient 1s Isomenzed with an isorherization dewamag catalyst to provide an

isomerizatidargtiwaxing eHlaed, anAicaicolsediratisa dévdamngy bl eltual WX aHEEGmprises the
10pour point, depressirglpRricant base oik biendingicomporent. Puingithegecnyvery. step, the pour
point depressing lubricant base oil blending component is recovered. FIG. 1 is a schematic flow
diagran? of the process, according to its broadest aspect, as described herein. As shown in FIG. 1, a
plastics feed: %0, gfiiers:a pyrolysis zone 20 wherein pyrolysis conditions exist and the feed 10 is

pyrolyzed into-a 15pyrolysis-effiyent-30--At 'mst_ po*c%ﬁﬁ%ﬂ%ﬁg%ssuﬁﬁgge&? 40_ can then enter a

thao nyueahs

S_h ;ifspy.u.ys_is ertent4u1s IbUIIIU-IILl:'Ul into an .
O—TFhe-isomerizatf .’“3 %?Wﬁgeﬁfuenrﬁ&commsesme pour point
g-component: ()’-‘\ separation-stepcantake ptaceafter the
isemefrization-de MEXITY step; orafter boththe pyrolysis stgp and the
AN afpigonstep takes-ptace afterthepyrolysis step, the
pyrolysis eff SISy eh-vi 67 first separationzome 80T this Separation zone
2580, the pyriiidis effluent is-separated-into-two or;nigre streams a5 stown by Teference numerals 90
and 100. Or& u?‘i?fgéneegt?’e%ms, the-streamwith-potentiatto-forrm the pour point depréssing lubricant
base oil blending component and herein referenced as 100, can then be sent to the catalytic
isomerizatiod)dewasifagieonatse. matvelyrenchduiisTring, 3 SESERIFGRPeRpOs ke place after

the 30 isomerizafion. deniaxing.sieRa HERAERRIRiOMAIAP iR AopiatedindiG ikduihersecond
separation Z6he& 110. This separation zone 110 can follow the %egail%/tic isomerizag'%n dewaxing zone

i
50 for ftectionsitialy taebbiTSHdRESaLNERGRY ErBRTERFTT PSR AE S 120 and 130,
thereby recoygringthe-pRUrRRINt deprassiguRtieatoth the terminal and the branch

methvl occur at the same resonance position, the intensity was divided by two befors

q
g

catalytic ispmerization-dewsking

isomerizatiotr BsWEking-effluen
depressing LM% b

pyrolysis s &i! W 4
catalytic iseHdRSENoA

[
(4]
()

(¢ I« Y]
(2]
D
T+

D
@D
<
D
X
D
T+

=
4]

=

doing the frequency of branch occurrence calculation. If the 4-methy! branch fraction
is calculated and tabulated, its contribution to the 4+methyls must be subtracted to

15  avoid double counting.

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

weight of the sample by 14 (the formula weight of CHa).

20
6) The number of branches per molecule is the sum of the branches found in step 4,
7} The number of alkyl branches per 100 carbon atoms is calculated from the number
of branches per molecule {step 6) times 100/average carbon number.

25

Measurements can be performed using any Fourier Transform NMR

spectrometer. Preferably, the measurements are performed using & spectrometer

7




9 WO 2009/085447PCTIUS20081084119 base oil blending component 130 from the isomerization
dewaxing effluent 60. In this case, fraction 120 can be further processed to provide additional valuable

products. It shoulq be noted, however, that when a separation step is utili%el% %\é‘{; Qltlt}e pyrolysis
step and thé’v@a%g(f%?g%ﬁmerization dewaxing step, the isomerization 5 dléwaxmg eftfluent 60 can be

the pour point depressing lubricant base oil blending component such that the separation step after the
catalytic isameHzatiancdevedring siepriataotineliessaryaiRyrolifie@re b BiEse first step in the process
for making & pour oint dpressing brieant hass.all leading:comeaBst iapLa.plastios feed is a
pyrolysis st é%ﬁltr?nv% ves contacting a ﬁlrgsﬁcs eed in a pyrolysis zone at pyrolysis conditions, where
at least a pertithn wisthieptasticsfesatas aoteod reainnfehoih §-84apEySisléffuent. The process as

described f@%&?ﬁ& YPRIgoeH ARcRUsSk yilizasihe plastisoliRieasnlie wastics feed can be
e

selected fro group consisting of waste plastics, virgin plastics, and mixtures thereof. Waste
i

plastics areczaiéestily Svareisis msesdpdarefdana bR ERSH L HFo e talDroblem. According

to the latestgpentfram-therSfficaalSelisMVasteobs ERbuplbous 28eobfldstinpadkaging in the U.S.
is made of polyethylene. 20 Th refort further states t at.é%gastics vyasterg:{\ger rec cﬁl:mg) is the fastest
growing waStEOBHRRY Rt MbBseTe R RYSHERT TR T98% &S

I
& uﬁ)%rig 'to onl‘?/}_{ “miftion tons/yr in 1970.
Thus, the prasenizprecass:can-demiol:enly bofi it etiveyHutalsenervirormanelgfriendly. 25Plastics
Feed As stated above, the plastics f(%ﬁ‘d cal:he selected. fram the gruRcapsising of waste plastics,
virgin plastigg?oarnalgni&%&%s‘%ﬁeecll'%%{l se of lz?lwaste' p as%ilcs in the plastics feed reduces the cost of the
process), holveNer opésating necagksary to utilize waste plastics. As such. the plastics feed can be

composed entirely; g Mrgimplasticsi-30The Rlastiss feedisanalsoTeniain PalEdydens: If the plastics
feed contains polyethylene, the po!ﬁ%et%lene can be selectedlf%ﬁnm e 9h0ug %onsisting of waste
polyethylenehairgiveisanpairy EMeDERY AriRfaHeah8Rstr® BRI SYEIFRE Biasics feed contains

polyethyleng,4hs palygthyle s eaTbEcseiegieaiir B HIeIGrosp O OWend CHy up and
2nd mixure Tio b E S LYo RAH Cer i B AR HO ebight o and about 100
weight1% palyeitydens: ferexampleHbenveBn abont Genwerjpmesientdbdlitarodown.
The sequences are useful in that every branch methyl should have a corresponding
CH. And the methyls are clearly identified by chernical shift and phase. Both are
described in the references cited. The branching properties of each sample can be
determined by C-13 NMR using the assumption in the calculations that the entire
20  sample was iso-paraffinic. Corrections were not made for n-paraffins or naphthenes,
which may have been present in the oil samples in varying amounts, The naphthenes
content may be measured using Field Ionization Mass Spectroscopy (FIMS).
FIMS analysis was conducted by placing a small amount {about 0.1 mg.) of
the lubricant base oil to be tested in a glass capillary tube. The capiliary tube was
25 placed at the tip of a solids probe for a mass spectrometer, and the probe was heated
from about 50 °C 1o 600°C at 100°C per minute in a mass spectrometer operating at
about 107 torr. The mass spectromeier used was a Micromass Time-of-Flight mass
spectrometer. The emitter was a Carbotec 5 um emitter designed for Fl operation. A
constant flow of pentaflourochlorobenzene, used as lock mass, was delivered into the
30 mass spectrometer via a thin capillary tube. Response factors for all compound types

were assumed to be 1.0, such that weight percent was given directly from area

percent.




weight% polyethylene. 5In one embodiment of the process as disclosed herein, the plastics feed can
further comprise Fischer-Tropsch derived wax. Such Fischer-Tropsch derived wax can include a large
amount of material boiling in the 1000F+ range and, therefore, can boil typical boiling
range assodtatétififivtéibricant base oil (i.e. mostly 650-1000F). Since g%%o yssé!??%{r}]% i{){%vger the boiling
range of such Fischer- 10Tropsch derived wax into the boiling range of lubricant base oil, such
Fischer- TrppseitsdesiveaiivagxacRoubedns Bapekisitgel pladtios e MikBluldite appreciated that
including Fischer-Tropsch derived wax takes advantage of economies of scale. Typically, the feed
is ground t LrEPaHie size for transport to the pyrolysis zone and then transgqrted to the pyrolysis
zone by any convensidesdreaisiferstesdirrpedias t@ervesds I pTeR&IN PifEYround plastics feed

can be hea&%ge%@fjbﬁ@mﬂ;ﬂﬁ dissoived inom3ohvants This heatesmaterishaandhenheipassed by an

auger, or other conventional means, to the pyrolysis zone. After the inj iaI.fee%g%a portion of the heated

liquefied fearamrR T ISIYSTEZERR CIRPEHHEBAINAEHTESL S P2ERET 0 the feed to provide a

heat source,{ordissoiving thefeetbe2dThediastics feeddeanporitain siflmencontamgiants normally

associated with waste plastics, e.g., paper labels and metal caps. The.f %% rQlﬁo contain chlorine,
for example?aIT@%‘ﬂw’ﬁﬁr%%Bﬁ{l%Wlﬁgﬁﬁg’ghl%%sgwgn D ?ﬁ@l Brpoyéggs?las{cffé%cribed herein, a

substantial periiefzed am ehlptnerizathe iked:xan baaiemm/emﬁyiﬁa@dim@?ﬁﬁ?me scavenger
compound (g.g. SOdiumg, carbanae) L e'if?é%&% Qsﬁ%ﬁg@ﬂﬂﬂaﬁ 255¢avengenspmpeund reacts with
c

chlorine in the pyrofysis Zone to form sodium chloride, which becomes part of the residue at the bottom
of the pyrolysis: zoite. depensitisiubrishodinent! Bifedine et EHeLBaRSRT B alumina) can be

used in the yapa,ing dounrUEam MR AUBESABRIAToRGmaNInvioes eyt another
c

1
embodiment, the chlorine content of the feed can be reduced to Iesg.thatn atbgyt g Lpm. 30 Pyrolysis
Conditions  PyrdiGsik iEarditrrrimime SRR BmB e int & A& peTstire from about 450C
to about 70QG,.fqr £xampisdiemiabou 4506 WwrBoUt SODEcE Feal @) enters a pyrolysis

2009/085447PCT/US2008/084119 Generally, the plastics ' time in the pyrolysis
zone betwedMEBIUY @Wﬁféglﬁ%ﬁcgﬁgﬁof é&ﬁ??.&g?&eo%égﬁgo%ag?}gg%&ﬁgtgihnology teaches

operating coReitigns«iflabové-atnasphepopressubeyBy atiaslivtHe predsiveldd\inward, the yield
of a desired spofuct can o canolisth !t g-pxi ez AlllHeRyRidhignuiKs desired, the pressure in

the pyrolysisc JBne should be a out atmospheric, for example, from about 0.75 atm fo about 1 atm. If a
pyrolysis efflsentisfddsaviamirmisigeiiete as preaauFat A0t ah5y PR STt REIB an be

sub-atmosphgefic. g Rles et sreatsiapehout AWi-aimaspbaresmiinot greater than about 0.5
atmospheres. Without wishing
component,

20 A separation step can take place after the pyrolysis step, after the catalytic
isomerization dewaxing step, or after both the pyrolysis step and the catalytic
isomerization dewaxing step.

If a separatjon step takes place after the pyrolysis step, the pyrolysis effiuent
30 is first passed via siream 70 {0 a first separation zone §0. In this separation Zone

25 80, the pyrolysis effluent is separated into tWo Or more streams as shown by reference
aumerals 90 and 100. One of these streams, the stream with potential to form the
pour point depressing lubricant base oil blending component and herein referenced as
100, can then be sent to the catalytic isomerization dewaxing zone 50.

Alternatively or additionally, a separation step can take place after the

30 isomerization dewaxing step. Such separation step is depicted in FIG. 1 by the second
separation zone 110. This separation zone 110 can follow the catalytic isomerization
dewaxing zone 50 for fractionating the isomerization dewaxing effluent 60 into two or

more fractions 120 and 130, thereby recovering the pour point depressing lubricant
9




10to be bound by any particular theory, it is believed that, when operating in batch pyrolysis mode with
sub-atmospheric pressures in the pyrolysis zone, thermally cracked plastic goes overhead and out of
the pyrolysis zone before secondary cracking can occur, resultingina g ' f eavier wax.
The pyrolys\f%%ﬁ%{(ﬁf’égzsure can be controlled by vacuum or by addition%?gaﬁr}:s%ﬁér?é%{lggs (i.e., acts
inert in the pyrolysis zone), e.g., selected from nitrogen, hydrogen, steam, methane or recycled light
ends from thednitdisidizooenfheinéiidasretucenthaavartidd reswrdlsithelpltstic gaseous

product. It is the partial pressure Which | ' | rlling;theavesahthef the pyrolysis zone
product. Zd%lﬁr%ﬁ%ié ﬁcﬁ%j%?gbl Ca%e%%%s%%%ﬁe@t%ﬁ% nortion) comprises n-éparaffins and some
olefins. Thepementiighofli s ehirdihanE sy 8K sERRSRE fPBét?Po%“ér%%%aeE%é‘Pght % to about 75
weight %, ?{e RS SERMARAL EAQ Wi gk e dhogdeikingighs, %he Thegpixolysis effluent may also
contain undesirable S, N, and aromatics. 25Importantl%/,. walx s gan tgg poﬂ’?%?e%%ﬁ the pyrolysis effluent
causing thedpyesipsi TR AOEFRETENS RATH BB SBIRE Riore gﬁaé%lﬁcaﬁly, these waxes are higher
molecular wgight siraighh ehaimaespaaiand shigtitty tieanchist paratfintetivaxssizrngrefore, further
processing is typically necessary to convert the pyrolysis effluent to a less waxy composition having a
lower pour 6@?&%‘?& Tiefeitiing a fraction suitable 30for use as a pour point depressing lubricant base
oil blending component. 12 WO 2009/085447PCDUS2008/084119 Catalytic Isomerization Dewaxing
Step An th%rssit ) in the process for making a pour point depressing lubricant base oil blending
component A ca ayﬁ% isomerization dewaxing step. Catalyfic i omer.izap%n.de\{v xing is a form a
catalytié dewaxingl'he feRieirasia hswerSeUPpBIAKBE WB?%%%%%W&P ratier than by removing the
wax or cracking the et iSRRaIZaNoR slewaxiagis ta it jaid kSp Phtert No: $188i688, which

document is incorporated by reference herFin in its entirety. The catalyliciSomefization dewaxing step

of the procesglagigeieiad AU 4RSS RHALERG As taught in U.S. Patent No. 5,135,638, which

disclosure isjpearnrEaed heeirkby, telsfenceimity eitisyiiieThe catalytic isomerization dewaxing

step involves isomeyizing 2 porton, gl of the yrolyls efleatui ansamed paien dewaning
r

catalyst. The catal i iZatlon dewaxing step reduces, substantially elinr%nates, or completely

eliminates wWaxes ThdhipyrofysisceffiremicoprvdsErosmemsLiss biaER2&#iient having a lower
pour point and a higdh V1. The Isometizationr dewaxing 15effluent comprises a fraction having an

n StICs,

Vil . : - .
T oy e e R AR g g pont ooty
depressing Iybyicant haseRibRiandirgeesmmponaatmayratea bemskdddsadiPitgrover. Unlike solvent
dewaxing Wr'!?isic;agtieas: %g‘g gf%ﬂg&sﬁgg e% ?)?és%%tgzlxmgging in the U.S. is made of polyethylene.
20 The report further states that plastics waste (after recycling) is the fastest growing
waste product with about 18 million tons/yr in 1995 compared fo only 4 million

tons/yr in 1970. Thus, the present process ¢an be not only cost effective, but also

environmentally friendly.

25 Plastics Feed
As stated above, the plastics feed can be selected from the group consisting of

waste plastics, virgin plastics, and mixtures thereof. Use of a waste plastics in the
plastics feed reduces the cost of the process, however, it is not necessary 1o utilize
waste plastics. As such, the plastics feed can be composed entirely of virgin plastics.
30 The plastics feed can also contain polvethylene. If the plastics feed contains
polyethylene, the polyethylene can be selected from the group consisting of waste
polyethylene, virgin polyethylene, and mixtures thereof. Furthermore, if the plastics

feed contains polyethylene, the polyethylene can be selected from the group
10




20isomerization dewaxing converts n-paraffins to isoparaffins. This process can create an
isomerization dewaxing effluent with a reduced pour point and higher VI than a process whereby
waxes are removeg %}44%racking alone: Thus, the catalytip isomerize}tion %Wﬁ%%&ﬁ%@_pﬁf the present
process is é&@&ﬁ?&&%ous because a higher wax conversion results in greater pour point reduction.
25However, one skilled in the art will recognize that a higher wax conversion results in a higher yield
loss. ThereforeistmisofhérizivgsityleabtcthpentolrafdtmsityrabsidEmsertd JUFRBBInt must be balanced

against yie&ﬂ?'ggfm‘fgzaﬁ% )\ Reweaing Effluent 30T he isemesization:ds waxingeffioent comprises a

fraction ha é aboi |?18 range between about 900F and about 1100F, for example, between about

950F and abeighl L08Ry SudkiraotenasnichhvaveeripRatatie WRERSIRALE #BBE bfbetween about 12 cSt

and about we%ﬁg%a}&qﬁ[@g@ can further have a pour point in the 13 WO
2009/085447/PCT/US2008/084119 range of about -,IBf to e}c}bout OL%. More P%%tcif rly, such fraction is
ALt Rig

the pour point depFeRRsrfErksHEsAt MHE8 BPHIY; Rent:

nen %SH& any other fractions can be
separated by, aenveplienalrseparatiopspraressdsyAnysothdfifehetidreptelylavvperiling or lighter

fractions) can be processed to produce other valuable prodigts: sHghDas thelaricant base oil whose
lubricating ﬁ?&d@?ﬁ%@é 8RR o %%518’%6 ilﬁgbt%lfﬁ% Ir{ri1tet%1od as desc%bed herein, . The pour point

depressing dahticanhaasebiteldrdiricebmporantearstiaiacs vith e TN EsRdsEt 130 to about

180. Thus, it can aé%ﬁ {neegsedne Ml i gdnishedebiicati e The presatt prepess is advantageous
ro

Over processes ucing a pour point dépressing lubricant base qil blc? mgecr_omponent from
FischerSTrofsatsshakieshtae e 16 dr PrmTaepdsS My b AR b 488" dil lending component as
disclosed hareln s g.sibsiantiakpetioniefdm iseprszatitadidnsxing eifipontci@eherally processing

of Fischer-Tropsch derived wax only provides a product having a ' sing 15lubricant
base oil blemhﬁﬁém%ﬁ?ﬁgﬁ%ﬁ%o%ﬁvs I\élé T[?Iiuii(a%rsl %%‘vng%ﬁf) [g/gg(lgi@%%\%g}?gﬁgeéprocess as

described herein cappiguideapiodugioneluding:sapieatey e gt ofSIUFPHt depressing
lubricant base ol béeﬁgiqg Sooned! %%J@x%i?#%ﬁ@ 5@%@%%%%@9;'@&H|ﬁﬁwmght range of the
a

plastics feed ¥%rPb At GRALET than, typically several thousand or more greatey than, the molecular

weight|20rangeiiaf Eistheo-Tropsih devived wak TS Bﬁﬁiwﬁ‘?ﬁﬂé’ﬁ}?éﬁ ~8onditions, it is

possible to produce a signifigant ANt Rk theReReial depiessiegdstadaantbagenil blending
component or other conventional means, to the pyrolysis zone. After the initial feed, a portion of
the heated liguefied feed from the pyroiysis zone can be optionally removed and
recycled 1o the feed to provide a heat source for dissolving the feed.

20 The plastics feed can contain some contaminants normally associated with
waste plastics, e.g., paper labels and metal caps. The feed can also contain chlorine,
for example, less than about 20 ppm. Inone embodiment of the process as described
herein, a substantial portion of any chlorine in the feed can be removed by adding &
chlorine scavenger compound (e.g. sodium carbonate) to the feed. Such chiorine

25 scavenger compound reacts with chiorine in the pyrolysis zone to form sodium
chioride, which becomes part of the residue at the bottom of the pyrolysis zone. In
another embodiment, chlorine adsorbents (e.g. sodium on alumina) can be used in the
vapor line downstream from the pyrolysis zone to remove chiorine. In yet another

embodiment, the chlorine content of the feed can be reduced to less than about 5 ppm.

30
Pyrolysis Conditions
Pyrolysis conditions in the pyrolysis zone can include a temperature from

about 450°C to about 700°C, for example, from about 450°C to about 600°C.,
11




The pour point depressing lubricant base oil blending component can be at least about 10 weight % of
the isomerization dewaxing effluent. Alternatively, the 25pour point depressing lubricant base oll
blending companent can be at least about 20 weight % of the isomerizatj ' fluent. As
another alte‘yr{gé%ﬁ?gfﬁ bé%our point depressing lubricant base oil blending;gg{(?r%%\é\br?gﬁ%%g% be at least
about 30 weight % of the isomerization dewaxing effluent. The present process is also
advantageodsceaer, oibetprocdssthap ronsiday a BOpuUhp pine e reasihgititsicttbase oil blending
component becausg Wgst§ %\%stics, which are inexpensive and readily available, can be incorporated
into the plaSlEiFea! 127 WA Bb09/085447PCT/US2008/084119 Isomerization Dewax ng Catalyst
Isomerization catélyticedeovakingaihsisiesnntyesonerhet aRERERERMGIECEF S5 Stalyst capable of
isomerizati%g%ﬂ%' esslf CARVRt caR DB aprintermesiatesporasidelindledatiredieve or a mixture of
more than one type o intermediateéaore Size mglecular g}:%e. Molecallar s&e es having intermediate

pore sive terEs ravduRAEELFhIdCARYlEvh G ARy S8

Y Tniike smal pore zeolites such as
crionite ang,chabazitetheywyillsaltow dydiobaronshavimsonterramapingrimotiegtimolecular sieve

void spaces. Unlike larger pore zeplites such as the faujasites and mardenites.they,can differentiate
between n-ikaHas QARG rﬁﬂ}lbﬁgﬁ AR Sé:artl%e%e,nér%l#g%gegr 16 branched alkanes having, for

example, quadterpanypathoncatomis, can BEheteflewtivdepiordosiowpiie RidTEEiRFSRves can be

measured using 5%”3”%?%‘495 RigR {eehriaues and:hysrcribanase s eamAckAgS of known

minimum kinetic diamcters. See Breck, Zeolite Molecular Sieves, 1974_%s§%c%akllly Chapter 8);
Andergbn eb i, ihvadbalysis Beticar (hery)iHallescPREnt RS P48 NRich 15pertinent

portions of ggﬁﬁ Soguments are-insRinastesbxricieneeheigits hopetfermatiy adsorption
i

measurements to determine pore size, stand%%technl{gues are u Ed's!:tcbsnﬁ%?‘é‘?ﬁ‘dﬁﬁtgto consider a

particular nistekefe RS S@IGHRYEIN RG50S RSt FEREHEY R equilibrium adsorption value on
the moleculgp,sievg. ir-lasmihan abeut: kaedinfibesvip/pa=0.5; 25C). 20Intermediate pore size molecular
sieves will typlcallxi_ admit [“0Le%ﬂeesIQ%“P&&@%}'&Q{?A@E&%?&%Mmtgr@?aﬁﬂ'ﬁ%‘ﬁmw'th little

hindrance. Exampld$ BYSIVR &SMigounds (and their kinetic diameters in Angstroms) are: n-hexane
(4.3), 85 methst/pentaneats Sehen teney (6155) zand). tiierrleee8) OB MEGEAUSYEIRG kinetic diameters

in the range of 6 to 65 ANGSUAMS LAPEBIMItethi o ROtes, Upaneingsandhesparticular sieve,
but do not penagf‘l’értle as quickly and in"'some cases are effect veél)% excluded. anrp&o!grﬁ?s having kinetic
2 ;

diameters inbéhpertisiguesPB L0615 REgetrer ORI by BiIShERARE (6 07 2 4-dimethylbutane (6.1), and

m-xylene (6, ). Generally coppeundsiiaying finatisidiameterduof greater than about 6.5 Angstroms
do not penetrate the pore apertures and thus are not absorbed into the interior of the 30molecular

sieve lattice. Examples of such larger compounds include: o-xylene (6.8), 1,3,5-trimethylbenzene (7.5),
and tribytylamipe43. Ejiivens In one embodiment, the effective pore size range is from about 5.5 to

about 6.2 Angstroms. While the gffective pars size s lissussedabove isdmestartiie the
The percentage of 1-olefins in the pyrolysis effluent can be from about 25 weight %
to about 75 weight %, for example, from about 40 weight % to about 60 weight %.
The pyrolysis effluent may also contair undesirable S, N, and aromatics.
25 Importantly, waxes can be present in the pyrolysis effluent causing the
pyrolysis effluent to have a high pour point. More specifically, these waxes are
higher molecular weight straight chain normal and slightly branched paraffinic waxes.
Therefore, further processing is typically necessary to convert the pyrolysis effluent 1o

2 less waxy composition having a lower pour point and including a fraction suitable

30 for use as a pour point depressing lubricant base oil blending component.

12




15 WO 2009/085447PCPUS2008/084119 practice of the invention, not all intermediate pore size
molecular sieves having such effective pore sizes are advantageously usable in the practice of the
process as disclosed herein. Indeed, it is necessary that the intermediatq,e,g i%{;{mﬂgcular sieve
catalysts used ﬁ??ﬂgsﬁﬁf‘gctice of the process as disclosed herein have a very’rlgsspecific pore shape and
size as measured by X-ray crystallography. First, the intracrystalline channels must be parallel and
must not beripigee Thaatet«fecibabaninglSigre conventionally referred to as 1-D diffusion types or

more shortly as 1- res, The classification of intrazealif &Qgg%gg hashiPbD, and 3-D is set
forth by R. M. Barf%ll'gl%?esﬁﬁé%&géioﬁcgsél%ldgl'eér%%?og ?)edi_ted by F. R. Raodrigues, 10L. D. Rollman

and C. Naccidfiendith FORSISbitassalDBHS iwhiesi Epiosi RERTSHESTRBofpUREE in its entirety by
reference herein (see paticUailv PageH( 3 2R ze0litesdneluda nanarinite pbirdrate, laumontite,

mazzite, mordenite and zeolite L. None of the above listed 1-D {pore zeolﬁg%ﬁowever, satisfies the

secondSessBhirresiEneioMEx NS TER Rl OIS IF ARG AL PSRRI IS (¥8%ess. This 15second
essential critgpioniisdbatihapores musihe genesally BeabinishEse Wiyoivkishiseméant the pores must

exhibit two unequal axes referred to herein as a. minor.axis and.a.major.axis, The tegm oval as used
herein is notfHfERMELS r%fﬁ%@“g‘% e VAT Slr%éliﬁ%gﬁcrﬁesﬁ%p but rather to refer to tIElEe pores

exhibiting twepinetsairacas abnipadtioul dgrtie T peoredustethas daalysts UseRATAUNE practice of the
present progess, %Qg“%ﬁ%cna\{&%m AXIS RENeRB- AR 31 ARsiammang,about 4.8 Angstroms
‘be

and a major-axis’betiveen about 5.2 Angstroms and about 7.0 Angstroms as deteimined by

conventional X-rayTbeyetaliois ApmcHessnEniantag st et ARy RGLAEA TRE b herization process

has an acidig campanent aadaatinumaand/espalladivswaynipganatiorTerpalgent. In accordance
with one 25embodimént, the acidic component can s eprise an in%ﬁg]ediate pore size

: atd i iitablly Vi compl
silicoaluminBFBSFRAE ﬁ?&i‘f@’@&%ﬁ%ﬁ’e‘i’?@%ﬁﬂ?@ﬁ’é@%ﬁﬁe |ﬁﬂ§1.§.ol5a?erﬁ 0. 4,440,871, the pertinent

disclosure ofjyhichds ineespetatad heyeinehjureiaremoride an Boemstnadienepbee size

silicoaluminophosphate moiecular sieve can be . SARQ-14, for example, 3Mr3(@s taught in U.S. Patent
No. 5,208,065 MR A 3daURse Rt s r(I)é%r%%raatiéi y feference in its entirety herein), Other suitable

intermediate:fibrensizengilicaal imifiop hosilate adrsiedala i GHeRes RIS APEISSTale Walb0-41. The
process as desctibed Derein 09006 LA anpasaing a.entabist somebing ounteimediatc pore
size non-zeolitic moallécu?gr sieve containing A102 , '
point depressing lubricant base oil blending component. The pour point depressing
jubricant base oil blending component may also be useful asa VI improver.
Unlike solvent dewaxing which is a separations process, catalytic
20  isomerization dewaxing converts n-paraffins to isoparaffins. This process can create
an isomerization dewaxing effluent with a reduced pour point and higher VI than a
process whereby waxes are removed by cracking alone. Thus, the catalytic
isomerization dewaxing step of the present process 18 advantageous because a higher
wax conversion results in greater pour point reduction.
25 However, one skilled in the art will recognize that a higher wax conversion

results in a higher yield loss. Therefore, in isomerizing at least a portion of the

pyrolysis effluent, pour point must be balanced against yield.

Isomerization Dewaxing Efftuent

30 The isomerization dewaxing effluent comprises a fraction having a boiling
range between about S00°F and about 1100°F, for example, between about 950°F and
about 1100°F. Such fraction can have a kinematic viscosity at 100°C of between

about 12 ¢St and about 18 ¢St Such fraction can further have a pour point in the
13




16 WO 2009/085447PCT/US2008/084119 and P02 tetrahedral oxide units, and at least one Group
VIII metal, Exemplary suitable intermediate pore size non-zeolitic molecular sieves are set forth in
European Patenté%}églication No. 158,977, which is incorporated by reference in its entirety herein.

5The group"SPiHtEHRaHAte pore size zeolites of the present process inclides Z&M 25 ZSM-23,

SSZ-32 (as taught in U.S. Patent No. 5,252,527, which document is incorporated herein by reference
in its entirefy)ang A3M-35J hese satalystslaxepganatally, codsitierdehits be intermediate pore size

catalysts based on the measuyre of their internal structure.as re hej nstraint Index.
' 116438 [EPIGT M MW HRY &0
Zeolites wh?@ﬁriﬁ&%vfaaﬁf&%??é’ém%‘él ae&8Ee ?gegﬁd%eglsregs %rg(?m@t)tﬁeir internal structure have a

high value far shenGedsyaintiadieaivdserzeolitgsatsich pravriberdiasiveny frek KEEEss to the internal

zeolite structure have a low value for their Constraint Index. Theogihedfandetermiaing Constraint
Index is deg)grlgﬁ)%ofu?ﬁ??lfﬁr\ﬁ@lg’%éent No.p4,016,218,dwhich is incorporated by reference in its entirety

herein. 515 Thobe kéoktes easibitingaCBhEerIng RIBRSTHRIAE WRPRRYBIEPPARGE 8951 about 1 to about
12 are consideyad 10 hednteimediate pore size zeolites. Zeolites which are considered to be in this

range include ZSM-5, ZSM-I |, etc. Upon careful examinatjon,of the intermediate pore size zcolites,
¢ % qa%ltendm COMpONE g canha{r)eg
however, it has beBif KPR EABEATYF A BHdERTAS 2 AtaR St for isomerization of a

paraffin-con{aining: 20fee dsteekavhicty abehighlin KB26- panaffinspéorexdmplesithich are high in C22
paraffins. Inﬁﬁrti%ﬁ{@,.it h?s been found that the group including ZSM-22, ZSM-23 and ZSM-35 used
in combinatigH i r"b‘l?B VIII metals can provide a means whereby a hydrocarbon feedstock having
a paraffinic contenTvithasalguulessos 20vearusAustBYRSIBP(HBRS TNETYSeS AIERBE tedly efficient

isomerization without Zadestroving e JEmate wislrkaf theneedateckopsctiakpa@ando use prior art

techniques oF Ssrsrﬁftlgn of a great variety of synthetic aluminosiligatesa.'l' ese Igrreqliinosilicates have
come to be tegigrapethbiersersiier BIRAROIE S RIS SRIBSRE S AHESEH SHIETEikes of the

present progess, ZaMr 28nisioigh i slicenus mrtiesahybittbeinc Gdesraly sailiesitty e-dimensional

30continuous framework silicon containing stryctures or crystals which resultivhen all the oxygen
atoms in theﬁé‘f?’éﬁg(ﬂ?ﬁsé}i‘éi‘Fﬁ‘ﬁﬁ%‘ﬁ?"sﬁé@e‘ﬁf‘ﬁé&ﬁ%@ﬁ?&gﬁ%gg}%?%%?nng }gf silicon or a%uminum, and

which gan exist;with maeiweraofmestyGiaR it en axclmsivbletahrihtrasigsidtine cations. The

description of ZSM-22 is set forth in 17 Q84014 9:ftkin U.S. Patent No.
4,556,477; U PSle er&’&‘?“&?ﬁ@if‘“‘?‘%?%endgﬁ%?‘ggé%?’?‘é‘ggﬁg%%g%n No, 1%&,,716. These

documents geedeegpofatect byinefsparrseniniheraahtretied fisrime componert. THis s

due to the fact that the molecular weight range of the plastics feed can be much
greater than, typically several thousand or more greater than, the molecular weight
20 range of Fischer-Tropsch derived wax. Thus, by adjusting the pyrolysis conditions, it
is possible to produce a significant amount of the pour point depressing lubricant base
oil blending component,
The pour point depressing lubricant base oil blending component can be at
least about 10 weight % of the isomerization dewaxing effiuent. Alternatively, the
25 pour point depressing lubricant base oil blending component can be at least about 20
weight % of the isomerization dewaxing effiuent. As another alternative, the pour
point depressing lubricant base oil biending component ¢an be at least about 30
weight % of the isomerization dewaxing effluent,
The present process is also advantageous Over other processes producing a
30 pour point depressing lubricant base oil blending component because waste plastics,

which are inexpensive and readily available, can be incorporated into the plastics

feed,

14




Furthermore, the original cations of the as-synthesized ZSM-22 can be 5replaced at least in part by
other ions using conventional ion exchange techniques. It can be necessary to pre-calcine the ZSM-22

zeolite crystals %I‘IOI’ to ion exchange. The replacement ions are those tallg%r,}jfrgm C}r E)QVIII of the

0 , ou
Periodic TaBYQ, g%%’l’ﬁl'ﬁ/ platinum, palladium, iridium, osmium, rhodium andHin Ogﬁ}lglfrln. ZSM-22

freely sorbs normal hexane and has a pore dimension greater than 10about 4 Angstroms. In addition,
the structure@fdhe:zenlibevpravid€s ednstrained access to larger molecules. The Constraint Index for

ZSM-22 as determined by, ihe proced e, SeL iU o SAIRNLANG 1846 yhich document s

incorporated by r cein its entirety hereirT, has been determined to be from about 2.5 to about 3.0.
Another zesiid vatitisioapdiiendasbiseticadym st ey stiffe BN iRb Siea it T8 8iFed to as ZSM-23,

disclosed in U.S, Patent No. 4026802, thecontantspfvwhich g einaemenaiedby wierence in their

entirety heféin. As with ZSM-22, the original cations of as-synthesized gS -23 can be replaced in

accordancensigsee it SNt iR ST g SIS AR PR A TSHic eaiTange with other cations.
In the preseqtipERLESRViIRE S8 Fatiensinclungitbe D pd/Holletals-as seidoithaabove. Other

20molecular sieves which can be used include, for exam Theta-1. as desaribed in U.S. Patent Nos.
4,533,649 &HPA7HS6 R0V BLHHDBY WHILH 4RS ?ﬁé&?ﬁ%gafggl?nlgfﬁ%#ue%tﬁgties by reference herein, Nu-10,

as describegdn: EuropaassPalstitsAppiicationzdi 86 81408; thhiehiisiincavf oratderBysreference in its

entirety her(_?in, and d%%%égﬁa%%gﬁ%@bnggllﬁggssmgQggggy%@ﬁ%%gym@@g&corporated by

reference in Its 25eh Iréty herein. Yet another intermediate pore size zeolite which has been found to
be sudcessiuhisiEs MBS wWhidhds Hiseiosetr iSSP NAY16,245, the contents of which are

incorporated by referenes.in thei.eireBiRatRiR cdifeserginahtalinasoithesas synthesized ZSM-35
can be removed using techniques well known in the art, whic ir}q!%ges }gln exchange. with other
cations. In thESPTEEECBRIBERES 2R EHGAT BRAESAEM TR UESY To' Teplace the as-synthesized cations
with the Grup, Vil netalssetdartbabave. Fhe-isiemmddizid poeeidizéinoiecdlar sieve is used in

st Wit st gne Croup VIS, 105 S VTR £anbe oo e goup 1

15 pertinent portions of these documents are incorporated by reference herein. In
performing adsorption measurements to determine pore size, standard technigues are
used. Tt is convenient to consider a particular molecule as excluded if it does not
reach at least 95% of its equilibrium adsorption value on the moiecular sieve in less
than about 10 minutes (p/po=0.5; 23°C}.

26 Intermediate pore size molecular sieves will typically admit molecules having
kinetic diameters of 5.3 16 6.5 Angstroms with little hindrance. Examples of such
compounds {and their kinetic diameters in Angstroms} are: n-hexane (4.3), 3-
methylpentane (5.5), benzene (5.85), and toluene {5.8}. Compounds having kinetic
diameters in the range of 6 to 6.5 Angstroms can be admitted into the pores,

25  depending on the particular sieve, but do not penetrate as quickly and in some cases
ar;: effectively excluded. Compounds having kinetic diameters in the range of 6 to 6.3
Angstroms include: cyclohexane (6.0}, 2.3-dimethylbutane (6.1), and m-xylene (6.1).
Generally, compounds having kinetic diameters of greater than about 6.5 Angstroms
do not penetrate the pore apertures and thus are not absorbed into the interior of the

30  molecular sieve lattice. Examples of such larger compounds include: o-xylene (6.8),
1,3.5-trimethylbenzene (7.5), and tributylamine (8.1).

In one embodiment, the effective pore size range ig from about 3.5 to about

6.2 Angstroms, While the effective pore size a3 discussed above is important to the
15




consisting of at least one of platinum and palladium and, optionally, other catalytically active metals
such as molybdenum, nickel, vanadium, cobalt, tungsten, zinc and mixtures thereof. In one
embodiment, the Group VIII metal is selected from the group consisting of at least one of platinum and
palladium. THE Z#Bit6F metal 5can range from about 0.01 weight % to™AHSURABPRESYt % of the
molecular sieve, for example, from about 0.2 weight % to about 5 weight % of the molecular sieve. The

techniques o inirodpaiagcalabiicalbunetiverpatalspiRiosaammltauinar siexs Breisjsaidsed in the
literature, and preexisting metal incorporaticin te Ig%lg}ugs and treatment of theasmolecular sieve to form
a

an active cATATSEYEROF S5 6 A ARG FBYS racticg ofihe

ion Brocelusion during sieve preparation are
suitable for yis€de:thi-priasanigrbdessesesshr tabhnigustcare disevwedine Bidemirent Nos. 3,236,761;

3,226,339, 236,162,920 9603, 310.109,4 02996 440 TANI 70485, which documens

are incorpo?éet‘é%cﬁg/al% erence In their entireties herein. Relatively small crystal size catalyst can be
utilized3in peactidingdtespresent 1Bqnoressihi S ambBaiEpETIARY avértig@erystal size is no greater

than about 10, my I another embodingedt. 48 aNgTaae Aty sdlmizeimpadrester than about 5 mu. In
yet another embodiment, the average crystal size is nqg greater than about 1 ‘%ill another

| u. |
embodimentherack@iaer ey erliy 1STHS i eats P tHEE08 YR 5t %réml%\?ﬁgt ¢an also contain
metals which,regdug-theseurbrnef siangomicic Hasitessochthe lchtalyBt antbtheresy lower the selectivity

for cracking versus isomerization, in one embodim the process aschibgglpgrein, the metals
are Group Iifﬂrmgtya%iﬁ‘%aé@rn% ﬁoel%ﬁfm§%ﬁ%‘:ecg c%?r%gﬁm% t’rgng ac‘?i%??y can a%g% be reduced by

introduging Ditfagestieempatifidsiaecgchdl M3 dDokGh bk nitrdBEh wbithoardscititn the feed; however, the
total nitrogen CoRtent 2aehould b 8o ARRBRI. Lot pxamRle,Issehap Kaepi Bhe physical form

of the catalylgf %f?f))ean s on the type of catalytic reactor employed and can be in the form of a granule
or powder, andlisdesitalslyaeripactediito AUmeRE fe U R AMERIIR P FeqiyEr agglomerates),
usually with a silicggralminapindesden fuigizedbaasaastion: anpillrs phillsespleres, extrudates, or
other shapes of controlled size to 30accor_g(5f,dequate catal}za;l-reactaQt I%OQE‘?;‘CH”hi o The catalyst can
be employedsstHial sEtarmgidE SaleatRSE WA BHRES S Roving bed: Bnd'in one or more reaction
stages; 49 The.dntenpadintapaie sizemsieoutansieve: wsed il thedataditrsidomdrization dewaxing

step provides selective conversion of. the waxy co VEXy conpanents. During
processing, 1SS RHAGBA ST ?ﬁ%ﬂpeé(%ﬁlltn%g@&%r u?§%§§%§§%§ %g%rl\érl)%)%ét of t[he_ oil below that of the

feed and foranduhe:pirhsiting nange:matorialssBtiich SOMHBERE!E ZEBWHBERSEHIROFRdduct having
excellent viscosity index properiies. Because, ehihesseativibngtheunigimediatapore size molecular

sieve, the yigfofo [ow goﬁ)ﬁng products is reduced, therehy preservir}q the economic value of the
feedstock. particular, the 1-D pores of the catalysts useful in the practice of the present process

70 must have a minor axis between about 3.9 Angstroms and about 4.8 Angstroms and a
major axis between about 5.2 Angstroms and about 7.0 Angstroms as determined by
conventional X-ray crystallography measurements.

The catalyst used in the isomerization process has an acidic component and a
platinum and/or palladium hydrogenation component, In accordance with one

25 embodiment, the acidic component can suitably comprise an intermediate pore size
silicoaluminophosphate molecular sieve which is described in U.S. Patent No.
4,440,871, the pertinent disclosure of which 13 incorperated herein by reference.

The intermediate pore size silicoaluminophosphate molecular sieve can be
SAPO-11, for example, SM-3 (as taught in U.S. Patent No. 5,208,005, which

30 document is incorporated by reference in its entirety herein). Other suitable
intermediate pore size silicoalurninophosphate molecular sieves are SAPO-31 and
SAPO-41. The process as described herein can also be carried out using a catalyst

comprising an intermediate pore size non-zeolitic molecular sieve containing AlO;
16




The intermediate pore size molecular sieve catalyst can be manufactured into a 10wide variety of
physical foiins. The molecular sieves can be in the form of a powder, a granule, or a molded product,
such as an extrudate having a particle size sufficient to pass through a 2-mesh (Tyler) screen and be
retained on W28 E&H4Tyler) screen. In cases wherein the catalyst is mbidet ﬁ%ﬁg’ Yby extrusion
with a binder, the silicoaluminophosphate can be extruded before drying, or dried or partially dried, and
15then extrydedo, terfdhednolpaulaisioecarde campasitetl Withetsthelfxumtdearals resistant to
temperatures and other conditions employed in.the catalytic.isomerizati i one. Such matrix
materials inSYHERIS BHGETS %ﬂ%g%fﬁﬁé%ré?élzgf)shéﬁa] éiyeﬁ%éii%egf gﬁ%%a |§8 gc{%%\lr%?#g%zggglites as well as
inorganic masesials gihtasclays S8z abitROnetotnoxitekb T iécrsted wdif BRUSHMer naturally
occurring or. ler}le form of gelatinous precipitates, sols or gels including mixtures of silica and metal
oxides, Inactivé materials suitably serve as diluents to control the amount of conversion in the catalytic
isomerization dewZkingretepSottramedinauses sip 18 YptOhRY BESHUMICAT Wﬁ%%f employing other

means for corjiphing e mtesalreaction e eulsn2Ssievesesa heviridodoonateat into naturally
occurring clays, e.g., bentonite and kaolin. These material ,imgl@y%ggg%gﬁaﬁ egl’t%.a]]‘émction, in part, as
binders for tHdReAIRREEH heTaRaIE T BUIFS BN HEVInG Goo strength because in

crus
petroleum refiping;the:eatalystiskefisersubjectedrto iaugkeharding whibh nasgstobreak the catalyst

down into powderlike materials which cause prablems in.processing 30MNatugily, occurring clays which
can be comﬁ%eéftgﬁe\m%g?ﬁ%c?ﬁrdé%m Feé?g\%e% igfvc gde the montmorillonite and kaolin families, which

families inclydevthelsublyentomites persss tockd o8res CBARHIBAR  RIFEWh HEMRE S FNLRee, Georgia and

Florida clays % Q]E“e@é%%ﬁ%]&hﬁa@@m@%@li&ewm%maum@ kaeelibies29 WO
2009/085447PETS20 /084119 diokite, nacrite or anauxite. Fibrou glfiys uch as, Qalloysitc,
sepiolite andiattaputghacelitc alse Wee dasefsl pRYHLs he &895‘%5}% 58Sised i the Taw state as

originally miggdior.initially suhiectediiasalscnataneanititiedineRsoncReniéab Addification. In addition
to the foregoing materials, the molecflélar sieve can.b? ompnosited 5 with porous matrix materials and

mixtures of AAR FiREHBRAIth 48 GLo

ffiBsS Hothia, titania, magnesia, silica-alumina, silica-magnesia,
silica-zifgonia, silicakbgsiacsiisabaiyliag siltmditamidpdearialsrediia s wenc f&ary compositions

such as silicaalumjna-thorija, silica-alumingqi i?nt%ﬁ{g Rasmagnesia angiites
silica-magne® Q%réé%%.oﬁl iezrﬁiftﬁ%“égﬁfﬁe é1 the form olf a%% el. 10The ¢ a%;?st usF(]i in the present
process can alsiohbecamypdsitddovitinothisrangs|irssisa e b s Ptid &t ffStjasites, (e.g., X

and Y) erionites, and: mardenites i Lancalse he.compesiteskiidr purelbsynthetit tealites such as
those of the f)éai{}l.1 series. The combination of zeolites can. alsofbe com ogi&ggnggga porous inorganic
matrix. 15  all of them are efficient as a cataiyst for Isomerization of & parailin-conta

70 feedstock which are high in Coot paraffins, for example, which are high in Copt
paraffins. In particular, it has been found that the group inciuding ZSM-22, ZSM-23
and 7ZSM-35 used in combination with Group VIII metals can provide a means
whereby a hydrocarbon feedstock having a paraffinic content with molecules of 20
carbon atoms or more undergoes unexpectedly efficient isomerization without

25 destroying the ultimate yield of the feedstock.

It is known to use prior art techniques for formation of a great variety of
synthetic aluminosilicates. These aluminosilicates have come to be designated by
letter or other convenient symbols. One of the suitable zeolites of the present process,
7ZSM-22, is a highly siliceous material which includes crystaliine three-dimensional

30  continuous framework silicon containing structures o1 crystals which result when all
the oxygen atoms in the tetrahedra are mutually shared between tetrahedral atoms of
silicon or aluminum, and which can exist with a network of mostly 810y, 1.8,

exclusive of any intracrystalline cations. The description of ZSM-22 is set forth in
¥




Catalytic Isomerization Dewaxing Conditions The catalytic isomerization dewaxing step of the
process as described herein can be conducted by contacting the feed to the catalytic isomerization

dewaxing zone with a fixed stationary bed of catalyst, with a fixed fluidiz ﬁ % ith.a transport
20bed. In oNPeMBSEMEnt, the configuration is a trickle-bed operation n?%v /i?g: 2?%%‘%&@3 allowed to

trickle through a stationary fixed bed, for example, in the presence of hydrogen. The conditions
employed i thg catalyticisimerizssionTdensatingz oie 4épbnd’onhEmedandtaieand the desired pour

point of the effluent. Geneyall mperature 25is { ot 200640 ahqutgkioC, for example,
from about 2BE}S48°%0 %t@éé&%’?ﬁ%ﬁ%@gﬁﬁe?f&ﬁﬁly rom abgut 15 psig to about 2000 psig, for

example, fremirabaLitdipsig to about 1000 psig or from about 100 psig to about 600 psig. The process

can be carried ouf gL |uRIESHIE: T LY AmbaiamIRRul G9Mpatal20, for example, from
about 0.1 to about b or from about 0.1 to about 1.0. Low, 30 r_essur%?nd low li u(ig hlgurly space

velocitys provipkeces i lvesid st &n 24 Hr Qe s P IRIEH Pas Bt ROPE IRGIHSHStion and less
cracking of the fead thuspProducing A increaserh yialthcxiy W0 20090B447REFYII 52008/084129

It has been found that when the pour point depressin icant > il BlaRding component is used
to improve fﬁ]éeI%F%ﬁﬂﬁ&%?&ﬁé?ﬁé@ofg.‘ﬁgﬁbﬁgrﬁ;’%ﬁ f%%%%%gﬁ%ge oil according to the method as

described hgggigiatheppoiupointiatihe,lidlicant basemoibioline eah HErEIRed to below both the pour
point of the pour p%%-%ﬁ@é@%%@%&%ﬂﬂ&%ﬁ%ﬂ@ gikklending.campansntrad:thapour point of the
S such, It

lubricant base oil. ay not be necessary to reduce the pour point of the pour point

depressing kbbrichntrigasensi| BresdigechisbNentEe e &Y Ee BETP BB BI S Cbricant base oil
blend. Accordig%)é%ﬁgﬁg&%@éﬂﬁ&(e?}g ispmenizationmayeat-need dethemashighias might otherwise

be expectec?,cgn e catalytic isomerization 10 dewaxing.zone may be oper lower severity
with less cra&kﬁé‘&ﬁ@@%@i@ly i%sgia%?é%vdé?,l ﬁ?fgé B’%écn oun %ﬂ% Sthgosr?r%égtrf& ek%/tering the

catalytic iSOpesization dewaxing zeee,shobldnottbenvet isbmirzetoritsSapiibptbpoduce a high

boiling fraction suitable for use as a pour point depressing lubricant hase pilkiesging.component will
be compromised. I‘S}ﬂ{%‘?‘?&%ﬁo‘ﬁ At pbf r%%elgtlssgﬁ?g%nt irll&?he catalytic isomerization dewaxing

zone dising Wereatal\EiiSEns Zasitrsaiewiin § geeb NPhé faPdd et TREIT 0 BT be from about
500 to about 30,000 SCEMRI. o0 eXAMPIR. B AROKL0O0A 40, ABL0.00R: 3B DI, Cenerally.

hydrogen wiff B&"§&Barated from the efffuent and récycled to the catalv\(,ti IS merizatioTl dewaxing
zone. 20 Optiajha;lsldydsr@ﬁmﬂ;mk@dsft@@/i—ﬁ can be replaced in accordance Wwith technques we

known in the art, at least in part by ionic exchange with other cations. In the present
process, these cations include the Group VIII metals as set forth above. Other

70  molecular sieves which can be used include, for example, Theta-1, as described in
17.S. Patent Nos. 4,533,649 and 4,836,910, both of which are incorpoated in their
entireties by reference herein, Nu-10, as described in European Patent Application
No. 065,400, which is incorporated by reference in its entirety herein, and SSZ-20 as
described in 11.S. Patent No. 4,483,833, which is incorporated by reference in its

25 entirety herein. Yet another intermediate pore size zeolite which has been found to be
successful is ZSM-35, which is disclosed in 11.S. Patent No. 4,016,245, the contents
of which are incorporated by reference in their entirety herein. The original cations of
the as-synthesized ZSM-35 can be removed using techniques well known in the art,
which includes ion exchange with other cations. In the present process, the cation

30 exchange is used to replace the as-synthesized cations with the Group VIII metals set
forth above.

The intermediate pore size molecular sieve is used in admixture with at ieast

one Group VIII metal. The Group VIil metal can be selected from the group
18




It is may be desirable to use mild hydrogenation referred to as hydrofinishing after the catalytic
isomerization dewaxing step. Accordingly, the isomerizatmn dewaxing effluent optionally may be

hydrofinished to produce a more stable product 25comprising the pour pQi ressing. lubricant base
oil blending‘ggrﬁ@(())ﬁaﬁ%%hus, an optional hydrofinishing step may foIIowgg:}é%‘ggg?ﬁ?ﬁ%%merizaﬁon

dewaxing step. Hydrofinishing is typically conducted at temperatures ranging from about 190C to
about 340G;catRpressyreddiammadyt 460psigd p-ibdun 308D pyignalispded velocities (LHSV) from

draoe-eavsle aien Al iR dahaulADCIoANAHEASR0 SCRbDL

about 0.1 to about ip, g%d |I¥
iclg IB s Include conventional metallic h drogenation catalysts, particularl the

Suitable hyffﬁ"}fﬁ1 n catalys _ i
Group VIII mietalsduitiassdbbaltf. nickele pabadimenais St ITRehessedid §PRally associated

vt cartiers g 45 el A1UTIAR 22 ONRL00RORYATEICH USO0RBLORA1 Kl el

silica-alumina om osites, and crystalline aluminosilicate zeqlites. In one e bod\;m%rlrt of the process
as describeeiherens frae RYAFHBEN SR G ROPRIKHNPEIFAS PRGNS Group VIl metals can
be used with,melybdaigs.iataloxides: of sulidessoaside useitthSuitablelgat@ystEhare disclosed in
U.S. Patent Nos, 53,852,207; 4,157,294, 3 04%5V13m%rt1354i§(7)3,4%7&\(\{@10@8@9%71%8 are incorporated
by referencé AR S HRFRELHS SHABHER B NP D aSTaSs g [ tibricant Base Oil Blending Component

As describegiahave ithReireassamdescribsihhorei pesupeatan RabneRtaGdepressing lubricant

base oil blending component from. a;plas1igs et .Lhe-RauReRi-Aepiessingubiicant base oil
blending co%’e&%’%ng}(}%t%}sqgeh?g 5 1(13Ii|n|n‘g1 fraction with % boiling rgﬁ e of approxir{%tel%/ 900-1100F and a

pour point ofappgoxitratelgecl GO duEHBGF pBIFRBINE 8GRI Sh tH52% iFBEHHing component
can also haye a kinemafig MiscrsitaRl 409G @ iarPm Fmaleod 2 18 6 Bil 15WhsA%@dded in small

amounts to g?ubncant base oil, for example, a Group, Il.or.a Gr ight or.medium neutral lubricant
base oil, sudRRfyFoBolife PaLtidn 1s %Q%Qfﬁl’?é@g%%%ﬁﬂgi{@d%%‘?ggs{apﬁ%gﬁ’ r%é%een discovered that

when such high beilina:fraciiesviarad dedeterankbiricant basewik theipour point of the finished lubricant

can be less than both the ]%our %;)int of the hig%%?%}%@%ﬁﬁiﬁgd(ﬁ;%ﬁcﬁélﬂéB%i'ﬁfréi@ﬁressmg

20lubricant base off BRNEINGEBMD S sa The pour point of the lubricant base oil.

15  process. In one embodiment, the average crystal size is no greater than about 10 mu.
In another embodiment, the average crystal size is no greater than about 5 mu. In yet
another embodiment, the average crystal size is no greater than about 1 mu. In still
another embodiment, the average crystal size is no greatcr than about 0.5 mu.

The catalyst can also contain metals which reduce the number of strong acid

20  sites on the catalyst and thereby lower the selectivity for cracking versus
isomerization, In one embodiment of the process as described herein, the metals are
Group IIA metals such as magnesium and calcium.

Strong acidity can also be reduced by introducing nitrogen compounds, ¢.&.,
NH; or organic nitrogen compounds, into the feed; however, the total nitrogen content

75 should be less than 50 ppm, for example, less than 10 ppm. The physical form of the
catalyst depends on the type of catalytic reactor employed and can be in the form ofa
granule or powder, and is desirably compacted into a more readily usable form (e.g.
larger agglomerates), usually with a silica or alumina binder for fluidized bed
reaction, or pills, prills, spheres, extrudates, or other shapes of controlied size to

30 accord adequate catalyst-reactant commact.

The catalyst can be employed either as a fluidized catatyst, or in a fixed or

moving bed, and in one or more reaction stages.
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Accordingly, it is usually not necessary to reduce the pour point of the pour point depressing lubricant
base oil blending component to the target pour point of the finished lubricant. The actual degree of
isomerization of the pour point depressing lubricant base oil blending co t be as high
as might otRERAISE g4§%expected. In general, the average degree of branc El’r%h E%ﬁ@g}olecules of
the pour point depressing lubricant base oil blending component can be at least 5 alkyl-branches per
100 carbon atomsTe Dnereedbodimeniztedseragsadedgasd oY BeaicHinls campazBetiveen about 6 and
about 8 alky: RiAREhes R, HARCAIbAR AMEIRE AON RAlG! dapisssinadypricaatbase of blending
component can also 30have a VI of approximately 130-180. As a result, the pour point depressing
lubricant ba@s@rmmeﬁﬁdiﬁgrmﬁwﬁéﬂ%dﬁoargaﬂaéwﬂ}%%ﬁ%(ﬁ“ﬁ%?&%?@ﬁ ea%ﬁed in small
amounts to g,|ubyicanirhassitikibisingdberpotsepaiid dapressiod tebiiiganinbaseciidilending component
as a VI improver significantly reduces the, amOLéntt f WO 2)891?1 8@%@%?%‘[&'{82008/084119
conventionat Wit 6EHY el ArBPOREPRAPHUSIBE MHYEHTE 8 ibricant baseé oil to produce a finished
lubricant. Fes@ysanaplecinasdisensioen tiyatithe jpoumpdist dopreissimyplebhigamitisase oil blending
component can be, substituted for up 1Q 20% of the f iC 7! vgr used in
automotive gviﬁgd&%?%\?frt#ﬁ‘?gﬁg%?@ur%ﬁéSiégg%%/%aﬁ%%%%%?t%ﬁ?%ﬁ%ig%?\%?ﬁ%p%nt depressing
lubricant bage éib@danding component can decrease cost associated with the use of conventional VI

improver. Since copyaptionalMidmpover ARINERLIGR-e engine denastiantilistigdiithenadvantageous

because substituting the pour point depressing lubricant base oil plending component for some of the
ing.con

VI imptver tisls FeaeseSaRrsHabEEms 1o BB G HELE RN Bl To g at PeHsay 6F time.
Additionally ,theReupainbdrRarpssing, lubticanirhaseildtenting composientidsitne potential to lower

the sulfur content of a lubricant ha il.to which it is added, Blengding the Int.depressing
lubricant bagépé‘ﬁsﬁfgﬁ'c'ﬁqd@é%eﬁ%r?gﬁ%%fﬁrgefb%?ézg% %%ggdo?flcaa%é??vég &Eg%a%%}r@ %:Igntent of the

lubricant base @iefohaxantpleatbike pouldedintdeprbsskguprivai Haisdsilian be blended with a
conventionalipet%lgnul% ﬁﬁ%ﬁ;ﬁg‘f&%%@%&%ﬁgd%myww@%"§ i apndeed that almost meets

sulfur specif?céﬁ?ons SO ricant base oil will, in"fact, meet sulfur specifications. This property
is espediallytheportartedor Group Il lubricant base oils, which must contain 300 ppm or less sulfur.

20Furthermore, thepopi Reinkdepressing: Iubrisant-naseqililendinganompanens can be characterized
by a very low Noack volatility. Thus, the pour poinmﬁressiqﬁjubricant base oil blending component
r S

has the poteAtREB BwertHE RbSNHBHFRRP L SRPBASE T With Which it is blended. Whether

the pour poinggemassmgibraamabasel aikblandingidomponertsuillsisntastnibiiiécthe Noack volatility

25depends upon the amount of pour point,depressi HeanthasesQilblegging,cemponent utilized.
The averagé"?ﬁ‘gfé u?ﬁ?’\]/{/ré?é”hztegg? Seaf)évlfrhpagi%%gas%saﬁq}gssm%}\g lubricant basgt)a ol blending component can

be at least 60 oxisxanijie |t saehagirmolenurlyWekgFRE BedBufPe Y 8815HESShy lubricant
base oil blending component ¢an heiakifesh#R30pLaLieastBA: oxides. nactive

materials suitably serve as diluents to control the amount of conversion in the
catalytic isomerization dewaxing step so that products can be obtained economically
without employing other means for controlling the rate of reaction. The molecular

25 sieve can be incorporated into naturally oceurring clays, e.g., bentonite and kaolin.
These materials, i.e., clays, oxides, etc., function, in part, as binders for the catalyst. It
is desirable to provide a catalyst having good crush strength because in petroleum
refining, the catalyst is often subjected to rough handling, which tends to break the
catalyst down into powderlike materials which cause problems in processing.

30 Naturally occurring clays which can be composited with the molecular sieve
include the montmorillonite and kaolin families, which families inciude the sub-
bentonites, and the kaolins commonly known as Dixie, McNamee, Georgia and

Fiorida clays or others in which the main mineral constitaent is halloysite, kaolinite,
20



In one embodiment, the pour point depressing lubricant base oil blending component has a paraffin
content of at least about 30 weight A, for example, at least about 40 weight % or at least about 50
weight %. 24 WO 2009/085447PCT/US2008/084119 The pour poin = %H?&-J icant base oil
blending co%?jﬁﬂ%ﬁiga‘fﬁ’fers from pour point depressants known in art in #l%tﬁ{%esser?t%rﬂly polar-free.
One of the advantages of the pour point depressing lubricant base oil blending component as
described hpyein, isddat diamokan doditvediatheicbavbpitioriiesimseliRae P& high boiling
fraction recovered.after pyrolysis gngluggta . sometization dewaxingeha plastcs feed. Therefore, it
does not I€fd ﬁlgglP Efol'lsperc‘rj)l Fé’lrerlf’sot at have k%géen associated with the yse of $oﬂ{r1?ventional additives.

The pour poimedepiessity ibrdahtOedeiiBeAgih § EORLAE AL BF8%ement over other
pour point depresgapigihscause iteaaine Predusedriemidasieplasties campastilydavailable and

inexpensive source. Method for Improving, the Lubricating Properties of a.L.ubrj ase Oil Also
disclosed i ﬁqaoasm@fﬁad%?fiﬁ%Wﬁﬁ%ﬁmﬁmﬁﬁﬁ&o&%&i isé“sac‘)?%sfh‘g?rcéa‘%%ngée oil. The

method comprise s ik)-aakisnga-phisipaisiidepiessisg, 6 lobrtamibagBcsiistiaditiycomponent

according the process as described herein and ending the haurpeintdeprgssing lubricant base
oil blendind&3mMpotiert WiR'4 {&%I?llge%rll ng?easéﬂgglgnding ?he pg)%% point depressing lubricant base oil

blending cainpdnerfasidhsiihabricamdiastcofiprovithens BeeeTH BASEIHIBE’E°2  Blending

methods are known- the art. Anycpnyentionakblending method 20can be used. Lubricant Base Oil
Blend Fhe ltibricant base oil blend produced by the ab&ve metho%(g%ri]ﬁpeﬂlljesred like any lubricant

base dfl. For exanplecaimdyRibchin Ba S siPhRAtF S8l s S HBRSH' S5 eAN Be Used as engine oil.

The lubricapt hase.Qikblesshiias calprnpeunpabitthancth podiypenimfcthendbricant base oil. The
lubricant base oil blend can have a pour point at least 3C bel he. int,pf thedubricant base oil.
Alternative JRaRE B THASE B ?ﬂ‘é’ﬁﬁ%ﬁ% Wgt%l/é’ %{'%oaﬂﬁ’%%ﬁ\?a%? %ges%t%é]gg)b%lgw the pour point of the

lubricant bage BiinBeARAMDIBesaliarmative! thelliubroanisbhscwilsiEivd Eanfa08sa pour point at least

9C below the pqur.&c;}i&r&tﬁof the lubricant base oil, The lubricant base oil blend can have a pour point

below about*9&"A ternazﬁ'vely, the lubricant base oil blend can have a pour point about -15C or less.
15

Catalytic Isomerization Dewaxing Conditions
The catalytic isomerization dewaxing step of the process as described herein
can be conducted by contacting the feed to the catalytic isomerization dewaxing Zone
with a fixed stationary bed of catalyst, with a fixed fluidized bed, or with a transport
70 bed. Inone embodiment, the configuration is a trickie-bed operation 1n which the
feed is aliowed to trickle through a stationary fixed bed, for example, in the presence
of hydrogen.
The conditions employed in the catalytic isomerization dewaxing zone depend
on the feed used and the desired pour point of the effluent. Generally, the temperature
55 is from about 200°C to about 475°C, for example, from about 250°C to about 450°C.
The pressure is typicalty from about 15 psig io about 2000 psig, for examnple, from
about 50 psig to about 1000 psig or from about 100 psig to about 600 psig. The
process can be carried out at low pressure. The LHSV can be from about 0.1 to about
20, for example, from about 0.1 to about $ or from about 0.1 to about 1.0, Low
30  pressure and low liquid hourly space velocity provide enhanced isomerization
selectivity which results in more isomerization and less cracking of the feed thus

producing an increased yield,

21




25 WO 2009/085447P T/US2008/084119 Additionally, the lubricant base oil blend can have a VI
higher than the VI of the lubricant base oil. For example, the lubricant base oil blend can have a VI at
least 3 numbers hi%%er than the VI of the lubricant base oil. The Iubricang@ﬂ%gzgjkg@@gcan have a VI
greater that Qo *fh one embodiment, the VI of the lubricant base 50il blend can be about 100 or
higher. In another embodiment, the VI of the lubricant base oil blend can be higher than 110. The
lubricant base oil pleRteanihadetiakiriem dticposcosity GricoeEBbUent 38H P8 cSt. In one

embodiment, the lubricant base oil. ble inematic Viseasitatel0Youbpbiaps about 3 ¢St and
about 8 CSP.kaQé%?ﬂ el gﬁiﬁgﬁ%t@%&%%@gﬁt baseé/ci)j?l t?lendﬁézjgoa kinematic viscosity at 100C

between ahdubcettastabogtRiogtonmairtaniassabegiPBieRdRS MBI R Uge as an engine

oil, the cloyg I%L{‘ng%%ye%% QG Qr dess. Riigede blendingotherdegeehdetieassiopeim pour point may
not be 15predicted by observing the pour points of the Iu%riganglli)rasoe1 Qil@{ﬂg fﬂ\%i@&lﬂr point depressing
lubricahit basereisiseHdHEREbPAFONE A TELS IR T HEG B O0INt of the lubricant base oil blend may

P
ur-pol .
not be mergly.the prapgitionahaveree eidhepotr poitstisf tearlnpriaht S8 oM dHd the pour point

depressing lubricant base oil blending component. Rgttl&?{h@tgr 1M paay begebserved meaning that
the pour pofiPGFTHE MUB?M&?%%%@ 8 %ﬁ‘gﬁ’c‘f‘ﬁ%‘ e significa%rlg Iow% than would be expected, and

in many casgsi¢aaybbe lswdedhar thergoalyptinasortidessre i S HREUAIAP B Fhents. This can be

true even when the pour. point depressing. hiending. compenenptcempkisemdzteight % or less of the
lubricant ba&e(g%ff)b éjﬁ‘“a%ﬁgﬁo%g\lf r, prior tg) blending, the degree of inlgreagr%ip Vi may not be predicted

25hy qbserdingattisg\Hsiofthe Yaoreands s DNAATV I pBLR 8T epresSihg Tubricant base oil

blending component, Jespaativaly.As withihaau:paistehedhot thiviibiieastizaiienoil blend may not
be merely the pro_portionél average of the Vis of.thg Iur%i%%tﬁgtg%&%&@%m pQiAROINt depressing
lubricant baée“@illiw&ﬁ@ﬂﬁ@W}ﬁﬁ%gﬁf’."ﬁ{ﬁé’g}f{%ﬁprgm|um may be observed meaning that the VI of

the Iubricanpégimtm&eﬂgsmmkpeﬁigmmmsmw@}bmt\h?ﬁﬂ&ib@%é%ted, and in many
cases, may be higher th r%)the V|300fi_£Q§ blend's individual components. Such an increase in VI makes
it possible t6PPEANEY XG5S TIFIGBricant base oil, i.e., a lubricant base oil

15 In one embodiment, hydrogen is present in the catalytic 1somerization
dewaxing zone during the catalytic isomerization dewaxing step. The hydrogen to
feed ratio can be from about 500 to about 30,000 SCF/bbl, for example, from about
1.000 to about 10,000 SCF/obl, Generally, hydrogen will be separated from the

effluent and recycled to the catalytic isomerization dewaxing zone.

20
Optional Hydrofinishing Step
Tt is may be desirable to use mild hydrogenation refersed to as hydrofinishing
after the catalytic isomerization dewaxing Step. Accordingly, the isomerization
dewaxing effluent optionally may be hydrofinished to produce a more stable product
25 comprising the pour poiat depressing lubricant base oi! blending component. Thus,
an optional hydrofinishing step may follow the catalytic isomerization dewaxing step.
Hydrofinishing is typicaily conducted at iemperatures ranging from about
190°C to about 340°C, at pressures from about 400 psig to about 3000 psig, at space
velocities (LHSV) from about 0.1 to about 20, and hydrogen recycle rates of from
30 about 400 to about 1500 SCF/bbl. |
Suitable hydrogenation catalysts include conventional metallic hydrogenahon
catalysts, particularly the Group VIII metals such as cobalt, nickel, palladium and

platinum. The metals are typically associated with carriers such as bauxite, alumina,
22




having a VI greater than 120, from a Group Il plus lubricant base oll, i.e., a lubricant 26 WO
2009/085447PCT/US2008/084119 base oil having a VI between 110 and 120. A Group Il plus
lubricant base oil may also be prepared from a Group 11 lubricant base 9@ ﬁg&ﬂ%ﬂs\_ﬂl@elow about
110. Tl%ed%@f'r@%ﬁ%ud point of the lubricant base oil blend can determ{l]ne the amount of pour
point depressing lubricant base oil blending component in the 5Slubricant base oil blend. It is usually
desirable tailivaintaisi As:lelwrai tiawthpaiiitaspousititdlifsr ahenigprisHe BEBSH M. Therefore, the

minimum aénmoo%'?iﬁaneﬁ?%ﬁ UERQINL 0CRLESHIDG URAEARL Qg@%%ﬂhﬁ%ﬂ%ﬂamrpﬂ%anhsufﬁcient to meet
t e ble

the desired pour point of the lubricant base oll blend can nded with the IEbrigant base oil. The

desired VI &f dhsitubnoamdbiserenmichtresaares Betsrhiidtne KRR 18R pSHFPoint depressing
lubricant bage, gif; lending coxaPeRaR inthe Jubreasisbiasedail bisnHaést tated above, the pour point
depressing lubricant base oil component not on| ers.the pour point of the | m!gpg} base oil blend,
but cardalsé-feréddethe vistost %fsfﬁeaﬂgodh@r%f!%gsvé SR %2%%%?8? He amount of the pour
point depresgingrricank Baseik tersiponent blended with the lubricant base oil can be 15limited by
the desired viscosity of the lubricant base oil blend. The lubricant base oil blend can comprise

about 15 weight % or less of the pour point depressing lubricant base oil blending component.
Alternativelyotre ol - baies dilbiérreroBes ¢ 6l grieuding QPR LH less of the pour point depressing

lubricant base oil blending:campanent. A ARPHRek Miamativeitectibdcanbbaseieil 20blend can

comprise 3.5 weight % or less of the]e%our‘point depresstjng Iubégcztant Pe%ﬁe ﬂxl bIgQrding component.
The lubficaniebeesens | BREARE BAsH A HEl RCL ARTBPT B FRELASE S & estribed Réfein are compatible

with conven&gg@h&gg{,sg@m&gﬁf@%&a@mSimﬂ@{b/cdh@dmbnbaratkbashodﬁﬂr@émd@qm@rﬁéred according to

the method as described herein are 25co ible with. conventiopal-V1 improvess- Therefore, additives
intended to fUMHREHBESA MPEB}HF%@B‘?S/W?;: cei%g%%r(%%if neceé%ary, to tk?e lubricant base oil

blends to preparerfinishegdibrizantsiRoubpaint eprabbhdi e A Eh FREGHIPHEEhetween about

0.1 and about 1 weight % of.the finishedIubricant. Mlmpreuass generally can comprise between about
0.1 and aboﬁz‘%f‘.‘a“v%%‘fg‘ﬁ?%%s%?{t e fﬁi%ehed Olubricar_l}i. 27_WO.2009/085447PCT/US2008/084119
15 When added in small amounts to a lubricant base oil, for example, a Group

or a Group III light or medium neutral hubricant base oil, such high boiling fraction is
useful as a pour point depressant. It has been discovered that when such high boiling
fraction is added to a lubricant base oil, the pour point of the finished lubricant can be
less than both the pour point of the high boiling fraction (a.k.a. pour point depressing

20 lubricant base oil blending component) and the pour point of the jubricant base oil.
Accordingly, it is usually not necessary to reduce the pour point of the pour point
depressing lubricant base oil blending component io the target pour point of the
finished lubricant. The actual degree of isomerization of the pour point depressing
lubricant base oil blending component may not be as high as might otherwise be .

25 expected. In general, the average degree of branching in the melecules of the pour
point depressing fubricant base oil blending component can be at least 5 alkyl-
branches per 100 carbon atoms. In one embodiment, the average degree of branching
can be between about 6 and about 8 alkyl-branches per 100 carbon atoms.

The pour point depressing lubricant base oil blending component can also

30 have a VI of approximately 130-180. As a result, the pour point depressing lubricant
base oil blending component can also be useful as a VI improver when added in small
amounts to a lubricant base oil. Using the pour point depressing lubricant base il

blending component as a VI improver significantly reduces the amount of
23




Lubricant Base Oil The lubricant base oil can be either a conventional petroleum-derived lubricant
base oil, a synthetic lubricant base oil, a mixture of conventional petroleum-derived lubricant base oils,
a mixture of synthetic lubricant base oils, or a mixture Sconventional pet?@ﬁgjg&%\égﬁéubricam base
oil(s) and S)W1 Yiisricant base oil(s). An exemplary synthetic lubricant base oll Is a lubricant base
oil recovered from a Fischer-Tropsch synthesis. The lubricant base oil can be a light neutral lubricant
base oil or aomesliiumnaheistiaditubribantiraseothal wstbrieddaddasel viricart bise $6'4 Group 11 lubricant

base oil or a Group I lubricant base eil, 10Tha Jubticapthasrdilsaniauspkinematic viscosity at
100C betwé’é%c{g ou Iﬁw\ﬁ%é%gﬁ% a.'ou!#? cSt, for example, between about 3 cS% and tgbout 7 cSt. The
10%-point alefhestirtsricdric i hesipidcne he sroeANSBbTIe ST SHIPSISE B TRE 90%-point of the

lubricant bage il Gaf bebelReAARAULFRRAREAERCUIAEERfongnanibierbetaiesn about 725F and
about 900F. 15Since the pour point depressing lubricant base oil hlending component can raise the
cloud pdint bkihis Wﬁ%ﬁ?%’é%ﬁﬂsﬁfg’%ﬁﬁeﬁSﬂt%?%gﬁﬁ Sica ?@5chx-gi}3%%n8§e lower than the

target cloudypginhettiebiricant basesildotenssinioreewith slowséort sonventisadhthe cloud point.

Lubricant base oil blepds used to produce certain finished lubricants aftendeqyirg a cloud point of 0C
or less. ThLl’é‘,‘%?‘?ﬂcﬁiﬁbﬁlfﬁ)ﬁggﬁ%qggggfo%fgﬁﬁs? e cloud poi%,tﬂ{)f th% lubricant base oil can be

below 0C. Thehnetteshphimprovingsthisbrgas i pOpaRias SPERBYdERtHRL 8451 8¢ described
herein is pagigiarl AdYBRIABRAUS HAGNSeHbh lbrisarthaseuaiicibmingienibof less than 110,

since such lubricarit base oils are usual%g unsuitable for preparing high quality lubricants without the
additiolof siggifkserieanidahieEEVPIE) ﬁ’rfoW@Fs. Due to the VI increase which can be observed when

using the pour poin{ gepsessineiuhicantassreibnlentineraobagosithteadidgsenipedeherein, the VI of

marginal lubricant base oils may be signjficantly improved wit t s6.0kGenventignal additives.
The pour pdidt HEHTEEEHR) ﬁ%b‘?’?ﬁ%ﬁﬁ“ﬁﬁ liuf)ﬁ%%ﬁh?n&Oé‘b%rﬁﬁ%ngﬁ%%a‘g%igscribed herein, by increasing

the VI, may piakeit pessitlepsnpigracksi 30 Ghoiapnil habrichhidrates sisnavsig i eof less than 110 up
to a Group I plus lubricant base oils or upgrade, GroupdkRitzilubticartbasRplgaakroup Il lubricant

base oils. 2 _ .
15 the pour point depressing lubricant base oil can be blended with a convenitonal

petroleum derived lubricant base oil having a marginal suifur content that almost
meets sulfur specifications so that the lubricant base oil will, in fact, meet sulfur
specifications, This property is especially important for Group II lubricant base oils,
which must contain 300 ppm or less sulfur.

20 Furthermore, the pour point depressing lubricant base oil blending component
can be characterized by a very low Noack volatility, Thus, the pour point depressing
lubricant base oil blending component has the potential to lower the Noack volatility
of a lubricant base oil with which it is blended. Whether the pour point depressing
lubricant base oil blending component will, in fact, lower the Noack volatility

25 depends upon the amount of pour point depressing jubricant base oil blending
component utilized.

The average molecular weight of the pour point depressing lubricant base oil
blending component can be at least 600. For example, the average molecular weight
of the pour point depressing lubricant base oil biending component can be at least 700

30 or at least 800.

In one embodiment, the pour point depressing lubricant base oil biending
component has a paraffin content of at least about 30 weight %, for example, at least

about 40 weight % or at least about 50 weight %.
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WO 2_0(_)9/085447PCT/U82008/084119 The following examples are intended to be illustrative, but
Eqn-rl]lml'g;_ng. E):]AMPL,ES Example 1 550 weight % low density polyethylene/50 weight %
ischer-Tropsch wax was subjected to pyrolysis at 975F, atmospheric pressure, and 1 LHSV (one
hour of resﬂ‘é‘ﬁ&@?fﬁ’fé‘f“ﬁas_ed on plastic). The yields are given in Table |,"§ﬁ’o‘€ﬁﬁ%&8{9%¥%o Wt% in the
900-1100F range. The I_|qU|d p_rodt_Jct of pyrolysis was distilled at about 650F and the 650F+ bottoms
were then subjecteddodsppiesizationdemasingdobhSpodbiindingsomprizeatiotiftewzomd product with

over 20 weight % in the 900-1100F range. Prad ighto i i
paraffinj1.2R?%E@ﬂ‘%lgsﬂT%W4-If(c}))fé?? .feré:;{%g%%13%%%%%%%}%%%&%@8&&6C2 01efing.6 €34

advantages of the pour point depressing lubricant base oil blending component as

described herein is that it is not an additive in the conventional sense. Rather, itisa

wn

high boiling fraction recovered after pyrolysis and catalytic isomerization dewaxing
of a plastics feed. Therefore, it does not lend itseif to problems that have been
associated with the use of conventional additives.

The pour point depressing tubricant base oil biending component is also an
improvement over other pour point depressants because it can be produced from

10 waste plastics, a readily available and inexpensive source.

Method for Improving the Lubricating Properties of a Lubricant Base Oif

Also disclosed herein is a method for improving the lubricating properties of a
lubricant base oil. The method comprises (1) making a pour point depressing

i5  lubricant base oil blending component according the process as described herein and

(2) blending the pour point depressing iubricant base oil blending component with a
Jubricant base oil. Blending the pour point depressing lubricant base oil blerding
component with a lubricant base oil provides a lubricant base oil blend.

Blending methods are known in the art. Any conventional biending method

2¢t can be used.

Lubricant Base Oil Blend
The lubricant base oil blend produced by the above method can be used like
any lubricant base oil. For example, the lubricant base oil blend as described herein
25  can be used as engine oil.
The lubricant base oil blend has a lower pour point than the pour point of the
{ubricant base oil. The lubricant base oil blend can have a pour point at ieast 3°C
below the pour point of the lubricant base oil. Alternatively, the lubricant base oii
blend can have a pour point at teast 6°C below the pour point of the lubricant base oil.
30 As another alternative, the lubricant base oil blend can have a pour point at least 9°C
below the pour point of the lubricant base oil, The lubricant base oil blend can have 2
pour point below about -9°C. Alternatively, the jubricant base oil blend can have a

pour point about -15°C or less.
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Additionally, the lubricant base oil blend can have a VI higher than the VI of
the Iubricant base oil. For example, the lubricant base oil blend can have a VI at least
3 numbers higher than the V1 of the Jubricant base oil. The lubricant base oil blend
can have a V1 greater than about 90. In one embodiment, the VI of the lubricant base

5 oil blend can be about 100 or higher. In another embodiment, the VI of the lubricant
base oil blend can be higher than 110.

The lubricant base oil blend can have a kinematic viscosity at 100°C above
about 3 ¢St. In one embodiment, the lubricant base oii blend has a kinematic
viscosity at 100°C between about 3 ¢St and about 8 ¢St. In another embodiment, the

10 lubricant base oil blend has a kinematic viscosity at 100°C between about 3 ¢St and
about 7 ¢St

If the fubricant base oil biend is intended for use as an engine oil, the cloud
point can be 0°C or less.

Prior to blending, the degree of decrease of the pour point may not be

15  predicted by observing the pour points of the lubricant base oil and the pour point
depressing lubricant base oil blending compenent, respectively. The pour point of the
fubricant base oi! blend may not be merely the proportional average of the pour points
of the lubricant base oil and the pour point depressing lubricant base oi! blending
component. Rather, a premium may be observed meaning that the pour point of the

20  lubricant base oil blend may be significantly lower than would be expected, and in
many cases, may be lower than the pour points of the blend's individual components.
This can be true even when the pour point depressing blending component comprises
3.5 weight % or less of the lubricant base oil blend.

Moreover, prior to blending, the degree of increase in VI may not be predicted

S0
L

by observing the Vis of the lubricant base oil and the pour point depressing lubricant
base oil blending component, respectively. As with the pour point, the VI of the
lubricant base oi! blend may not be merely the proportional average of the Vis of the
lubricant base oil and the pour point depressing lubricant base oil blending
component. Instead, a premium may be observed meaning that the VI of the lubricant
30 base oil blend may be significantly higher than would be expected, and in many cases,
may be higher than the Vis of the blend's individual components. Such an increase in
VI makes it possible to produce a Group 11 jubricant base oil, i.e., a lubricant base oil

having a VI greater than 120, from a Group 11 ptus lubricant base oil, i.e., a lubricant
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LC_)/?IO 923/_993 95/End Point,1024/1_097 29 WO 2009/085447PCT/US2008/084119 Example 2
igh-density polyethylene was subjected to pyrolysis at 650C and 6 minutes residence time at

atmospheric pressure. The 650 F+ product was hydrotreated over a Ni-Mao _on alumina catalyst to

] 0 4 . . . . .
remove restifal ﬁ?l’roga“bﬁ compounds. This oil was then 5 isomcrization JEVAREYEVEN K Pt on

SAPO-11 catalyst at 665F, 1950 psig, and 0.5 LHSV (6 minutes [ [ [
: 11 ¢ , 0sig, . of residence time). This gave
:flOTr?a (le) :uzeﬁtlmamm«eggmwd betweith Cldsedol 18 welgtorn Tholke lgbdﬂﬂ‘dmsebéiliﬁﬁzrange,gasv ingir::ated
in Table ' Mor&.Specifically, (N%-200 HARE Aplng. anae faciion was.alak $ooweight A of the

oy action and nearly all of he 1000F+ fraction. 10In Table 11, overall yields from plastic
mean the yields GEsedesireddaubstity @é@éﬁ@%h%%&é@ﬂﬂf%ﬁ?ﬁ@%@l%%’n the pyrolyzer and

g‘\‘j@;;"lHrg‘%wﬁ%g%g%ﬂﬁéﬁ%ﬂﬁ,cﬂgﬁmw lisomerizatoni 3kilatjedyields. iwdight% C4- In IDW 3.8
5 lubricant base oil biend. It is usually desirable to maintain as low a cloud point as
possible for the lubricant base oil blend. Therefore, the minimum amount of the pour
point depressing lubricant base oil blending component sufficient to meet the desired
pour point of the lubricant base oil blend can be blended with the lubricant base oil.

The desired V1 of the lubricant base oil blend can also determine the amount

10 of pour point depressing lubricant base oil blending component in the lubricant base
oil blend. As stated above, the pour point depressing lubricant base oil component not
only lowers the pour point of the Tubricant base oil biend, but can also increase the
viscosity of the lubricant base oil blend. Therefore, the amount of the pour point
depressing lubricant base oil component blended with the lubricant base oil can be

15  limited by the desired viscosity of the {ubricant base oil blend.

The tubricart base oil blend can comprise about 15 weight % or less of the
pour point depressing lubricant base oil blending component. Alternatively, the
jubricant base oil blend can comprise 7 weight % or less of the pour point depressing
jubricant base oil blending component. As another alternative, the lubricant base oil

70 blend can comprise 3.5 weight % or less of the pour point depressing lubricant base
oil blending component.

The lubricant base oil biends prepared according to the method as described
herein are compatible with conventional pour point depressants Similarly, the
jubricant base oil biends prepared according to the method as described herein are

25  compatible with conventional VIimprovers. Therefore, additives intended to further
improve pour point and/or V1 can be added, if necessary, to the lubricant base oil
blends to prepare finished lubricants. Pour point depressants generally can comprise
hetween about 0.1 and about 1 weight % of the finished lubricant. VI improvers

generally can comprise between about 0.1 and about 1.0 weight % of the finished

30  lubricant.
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Lubricant Base Oil
The lubricant base oil can be either a conventional petroleum-derived lubricant

base oil, a synthetic lubricant base oil, a mixture of conventional petroleum-derived
ubricant base oils, a mixture of synthetic fubricant base oils, or a mixture

5 conventional petroleum-derived lubricant base 0il(s) and synthetic lubricant base
oil(s). An exemplary synthetic lubricant base oil is a lubricant base oil recovered
from a Fischer-Tropsch synthesis. The lubricant base oil can be a light neutral
lubricant base oil or a medium neutral lubricant base oil. The lubricant base oil can
also be a Group 11 lubricant base oil or a Group tubricant base oil.

10 The lubricant base oil can have a kinematic viscosity at 100°C between about
5 5 ¢St and about 7 cSt, for example, between about 3 ¢St and about 7 ¢St

The 10%-point of the lubricant base oil can be between about 625°F and about
760°F. The 90%-point of the lubricant base oil can be between about 725°F and
about 950°F, for example, between about 725°F and about 900°T.

15 Since the pour point depressing lubricant base oil blending component can
raise the cloud point of the lubricant base oil, the cloud point of the iubricant base oil
can be lower than the target cloud point of the lubricant base oil blend in order to
allow for some rise in the cloud point. Lubricant base oil blends used to preduce
certain finished lubricants often require a cloud peint of 0°C or less. Thus, for such

20 lubricant base oil biends, the cloud point of the {ubricant base oil can be below 6°C.

The method of improving the lubricating properties of a jubricant base oil as
described herein is particularly advantageous when used with lubricant base oils
having a V1 of less than 110, since such lubricant base oils are usually unsuitabie for
preparing high quality lubricants without the addition of significant amounts of VI

25 improvers. Due to the VI increase which can be observed when using the pour point
depressing lubricant base oil biending component as described herein, the VI of
marginal lubricant base oils may be significantly improved without the use of
conventional additives. The pour point depressing tubricant base oil blending
component as described herein, by increasing the VI, may make it possible to upgrade

30 Group II lubricant base oils having a Vi of less than 110 up to a Group Il plus
Jubricant base oils or upgrade Group II plus lubricant base oils to Group 1H lubricant

base oils.
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The following examples ate intended to be iliustrative, but non-limiting.

EXAMPLES
Example 1

50 weight % low density polyethylene/50 weight % Fischer-Tropsch wax was
subjected to pyrolysis at 975°F, atmospheric pressure, and 1 LHSV (one hour of
residence time, based on plastic). The yields are given in Table I, showing over 30
wi% in the 900-1100°F range. The liquid product of pyrolysis was distilled at about
650°F and the 650°F+ bottoms were then subjected to isomerization dewaxing 10
provide an isomerization dewaxed product with over 20 weight % in the 900-1100°F

range.

Table [
| Product, weight%
Cy 0.2
C, paraffin 0.4
C; olefin | 0.6
C;-Cy parafiin i 12 ]
C}'C.’; olefin 1.8
- C.- total 42
| Cs-350°F 59
| 350-650°F 200 |
&50°F+ 65.9
725°F+ 57.5
1000°F+ 69 |
Cut 1 ' '
Yield, weight% 17.1
Sim. Dist., °F, LV%
ST/5 95/199
10/36 207/300
50 379
B 70/90 452/546
93/End Point | 597/690
Bottoms
Yield, weight% 76.0
" Sim. Dist,, °F, LV% |
ST/5 432/571
10/30 6231755
| 50 833
' 70/90 923/993
95/End Point | 1024/1097 |
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Exampie 2
High-density polyethylene was subjected to pyroiysis at 650°C and 6 minutes
residence time at atmospheric pressure. The 650 °F+ product was hydrotreated over a
Ni-Mo on alumina catalyst to remove residual nitrogen compounds. This oil was then
5 isomerization dewaxed over a Pt on SAPO-11 catalyst at 665°F, 1950 psig, and 0.5
LHSV (6 minutes of residence time),. This gave an isomerization dewaxed product
with close to 18 weight % in the 906-1100°F boiling range, as indicated in Table II.
More specifically, the 900-1100°F boiling range fraction was about 30 weight % of
the 700-1000°F fraction and nearly all of the 1000°F-+ fraction.
10 Ty Tabie 11, overall vields from plastic mean the yields based on the plastics
feed and take into account both the yield in the pyrolyzer and the yield in subsequent

steps, including isomerization.
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Table II
" Yields, weight% in [DW Overall from Plastic
Cy- 3.8 10.3
Cs-300°F 6.2 8.2
300-500°F 16.6 15.0
500-700°F~+ 29.6 26.8
700°F-+ 43.8 39.7
| 700°F- Overhead Liguid %
Yield, weight% 50.0 45.3
Gravity, API 51.3
Sim. Dist., °F, LV%
ST/5 121/239
10/30 287/416
50 506 N
70/90 590/675 |
95/End Point 700/998
706-1000°F
Yield, weight% 31.9 28.9
} Gravity, APl 407
i Pour Point, °C -17
| Cioud Point, °C -4 )
Viscosity @ 40°C, ¢St 22.86
’ﬁ Viscosity @ 100°C, ¢St 4984
Viscosity Index 150
Sim. Dist., °F, LV%
ST/5 697/732
L 10/30 748/798 |
50 848
70/90 L 900/960 —
93/End Point | 982/1017
[000°F+
Yield, weight%e 11.3 10.2
Gravity, AP1 36.4
| Pour Point, °C -15
Cioud Point, °C +16
| Viscosity @ 40°C, ¢85t 95,30
Viscosity @ 100°C, ¢St 14,36
Viscosity Index 156 ]
Sim. Dist, °F, LV%
ST/5 946/972
10/30 984/1017
50 1051
70/90 1088/1152
95/End Point 1179/1257 |




-15 CIc_)ud P_ointC +16 Viscosity @40C, cSt 95.30 Viscosityl00C, cSt .4, 14.39 Viscosity Index
156 | Sim. Dist., F, LV% ST/5 1946/972 i 10/30 '984/1017

10
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Although the process for making a pour point depressing lubricant base oil
blending component, a pour point depressing lubricant base 0il blending component, a
method for improving the lubricating properties of a lubricant base oil, and a lubricant
base oil blend as described herein have been described in connection with specific
embodiments thereof, it will be appreciated by those skilled in the art that additions,
deletions, modifications, and substitutions not specifically described may be made
without departing from the spirit and scope of the process for making a pour point
depressing lubricant base oil blending component, the pour point depressing lubricant
base oil blending component, the method for improving the lubricating properties ofa

{ubricant base oil, and the tubricant base oil blend as defined in the appended claims.
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Although the process for making a pour point depressing lubricant base oil blending component, a
pour point depressing lubricant base oil blending component, a method for improving the lubricating
properties of a lubricant base oil, and a lubricant base oil blend as described herein have been
described in connection with specific 5embodiments thereof, it will be appreciated by those skilled in
the art that additions, deletions, modifications, and substitutions not specifically described may be
made withoutrderadin # ah sH8M8dxit%snd scope of the process for making a pour point depressing
lubricant base oil blending component, the pour point depressing lubricant base oil blending

component, the method for improving the lubricating properties of.a 18%gri0ﬂn%b%seﬂoil, and the
lubricant base oil blent meadefifedripking appEriee EEims U PHEF \RASTCH TS EIRIMED IS: 1.A
process ggrrn @O%Iéiil 98 gSHgif?ﬂﬂ.E %nggsing Iu_b_ricant base oil blc_anding component, comprising the _
steps of: pyrolyzing a plastics feed comprising oI%/‘e hylene ina R)érglyos% zone at a temperature in
the range of 45QColZPODCTPiHS fessl FoRE BeRR YRE YANGE 0t B NintteS o I'hour to provide a

pyrolysis sffluent.. i, isomAsiZation dewaring@igastsiportionms thenpyrolysis éffluent with an

isomerization dewaxing catalyst in a catalg(tic f?omgrization dewaxina zone to provide a isomerization
dewaxingétiseit oRIBHeiRY Y5t BoiN 135é g&8ing lubricant base oil blending component; and
recovering the pows-pRinisleRiessingdubricanidase dilisendingsorfipsnént Biciling in the range of
S00Fto %&)?geﬁizaar‘l%r? 3%'&]99{1%'[’%%1“ gtlrilzg Iancgltgz%ﬁ;llg h%nqgsﬁ%g)t%ﬁod%axing zone to provide a

isomerization dewaxing effluent comprising a pour point depressing lubricant base oil

blending component; and

recovering the pour point depressing lubricant base oil biending component
boiling in the range of 900°F to 1 100°F and having a pour point in the range of -15°C 10
0°C.

2. The process of claim 1, wherein the pour point depressing lubricant base

oil blending component has a kinematic viscosity at 100°C between 12 ¢St and 18 cSt.

3. The process of ctaim 1, wherein the pour point depressing lubricant base

oil blending component has a viscosity index between 130 and 180.

4, The process of claim 1, wherein the pour point depressing lubricant base

oil blending component boils in the range of 9530°F to 1100°F.

5. The process of claim 1, wherein at least 20 weight % of the isomerization

dewaxing effluent is the pour pomt depressing lubricant base oil biending component.

6. The process of claim 1, wherein at least 30 weight % of the isomerization

dewaxing effluent is the pour point depressing lubricant base oi} blending component.

a2
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2. The process of claim 1, wherein the pour point depressing lubricant base oil blending component
has a kinematic viscosity at I100C between 12 cSt and 18 cSt. 3. The process of claim 1, wherein
the pour point depressing lubricant base oil blending component has a viscosity index between 130
and 180. 4. The process of claim 1, wherein the pour point depressing lubricant base oil blending
component boils in the range of 950F to 1100F. 5. The process of claim 1, wherein at least 20
weight % of the isomerization dewaxing effluent is the pour point depressing lubricant base oil
blending component. The frodde pirobdss ofdieiem Ihoivenedri 2t unde 30WEIGHEDS O the isomerization
dewaxin effluenstaig itih{gr%%gr eoir(%'% 98%%3{@&;{5‘;‘0&%@@ base oil blending component. ‘ 7. Th.e
process B &HAIF T Wheremn the fsomerization dewaxing catalyst comp ses an intermediate pore size
molecular sieve. 8. The process of claim 7, wherein the intermediate pore size molecular sieve is
selected from the 9roRCQNSISNNG QL FSM BRrdAUr2R 55213 ESULAEHSARAEM 3 and mixtures
thereof. 9. The process of claim 1, wherein the polyethylene Is sel@itgd f%%gléb]elgroup consisting

of wasteipetjetiegiéne, tiegir poRam§iEee dndmet Y terest % 40" The Process of claim 1,

wherein m_goémmjgqusi%}gpgggted from the group consisting of high-density polyethylene,
low-density polyethylene, and mixtures thereof 11. The process of claim 1, wherein the plastics

feed comprises at least 95 weight % polyethylene. 12. The process of claim I, further comprising

grinding the plagtics feggd p{d')%ggm@lyfzingwh@qalﬁsﬁqugaﬁyimméspyi@igfsis”rzan@ﬁ 13. The
process of claim 1, wherein the plasticslfeed f.ugther(}?vq@rgises Fi&gﬁg{é%@ sch gderived wax. 14. A
pour poirt hFEEHE fIbrIEaTt BRsS Bil Biéndiy misone '

At which Is a product of a plastics feed
subjected to pyrolysis and catalytic isomerization dewaxing, the product boiling between 900F and

1100F and having a pgur point in the range of - 15G 10 0( herel igs. feed comprises
1(915_ gﬁﬁg{ c%s? OPC%B.HT} %’ \&teﬁ%l?%é Qg WGWB?JQ%E% @1191%@;%

polyethylene. od for improving ricating properties of a lubricant base oil, the
method cemprisingstimadkingea-pensipgintddpriessingriulsicanPphsd siFbeAtig EBHTdonent according
to the progess fof claim 1, and blending the lubricant base oil and the pour point depressing lubricant
base oil ereol:

11.  The process of claim {, wherein the plastics feed comprises at least 95

weight % polyethylene.

12 The process of claim 1, further comprising grinding the plastics feed prior

e

to pyrolyzing the plastics feed i the pyroiysis zone.

13.  The process of claim 1, wherein the plastics feed further comprises

Fischer-Tropsch derived wax.

14. A pour point depressing lubricant base oil blending component which isa
product of a plastics feed subjected to pyrolysis and catalytic isomerization dewaxing, the
product boiling between 900°F and 1 100°F and having a pour point in the range of -

15°C to 0°C and wherein the plastics feed comprises polyethylene.

15. A method for improving the lubricating properties of a lubricant base oil,

the method comprising:
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blending component. 16. The method of claim 15, wherein the lubricant base oil is selected from
the group consisting of a Group Il light neutral lubricant base oil, a Group IT medium neutral lubricant
base oil, a Group 11l light neutral lubricant base oil. a Group Ill medium neutral lubricant base oil. and
mixtures thereof 17. A lubricant base oil blend comprising: the pour point depressing lubricant base oil
blending component of claim 14: and a lubricant base oil. 18. The lubricant base oil blend of claim
17, wherein the lubricant base oil is selected from the group consisting of a Groupéjlu%E light neutral
lubricant base gikkan@ rosmlfo mettipressiegitdirioniicease BESEHIIE SIBBRIRNGNENEFl lubricant base
oil, a Groum%ll mediurr%ag]utr?] I Qricant base oil, and mixtures thereof. 19. A method for improving
the lubrié gpb? epsér ie€°0f a lubricant base oil, comprising the steps of:_blenging With the lubricant
base oil a suffitientiarGuritbficapduspeihteb e BSIHG B St BEGe Bl 5ERAHG Ebmponent to
provide 1%%§§a”t1-?%%?38{! blend having a reduced pour point, wherein the pour point depressing
lubricant base &il blen Ing component is recovered from a plastics feed comprising polyethylene that
has been pyrolyzed and catalytically isomerization dewaxed, boils in the range of 900F to 1100F, and
has a pour pointin therjangsuaf 45508, whetbn Thel meihnd ek chaiint 18izwheédeimttie pour point of

the lubricant base oil blend is reduced at least below the pour point af Iubri pase oll.
21. The meﬂwwla@iﬁrpig,Qﬁﬁé}giﬁ’%ér’ﬁ%?‘jé?ﬂc@ﬂ%ﬁﬁl%%ﬁ:%ﬁ%%‘gég B%E%fyr?dh(iésﬁ%duced at least

6C below, fhie.paus-point of theulbricant hasebilbricant 22sdThie miethan 1B DR 9SWbrein the pour
point of the lubricant base ojl blend is rgdu%:ed at least 9C below the pour point of the lubricant base
oil. hapripast PRt GT%IEIMU{"@S, %ﬁg?e‘in the lubricant base oil is selected from the group
consisting of a Group 11 light neutral lubricant base oil, a Group 11 medium neutral lubricant base oil,

a Group Il light neutral Itf%lajricarrlégafe eangag:% | Mgméadium neutral lubricant base oil, and mixtures

se Qil. _
thereof. 241 The r‘ﬁ‘e oY) a'?noqég),i Whel’eHl-ﬁj blending with the lubricant base oilnv(\{ith the pour

point depressinghltipsiganiibasesisbieraimgasiissrient predesaNABTE A FHRTe 4 @

a lubricant base oil.

18. The lubricant base oil biend of claim 17, wherein the lubricant base oil is
selected from the group consisting of a Group 11 light neutral lubricant base oil, a Group
11 medium neutral lubricant base oil, a Group III Jight neutral jubricant base oil, a Group

11 medium neutral lubricant base oil, and mixtures thereof.

19. A method for improving the Jubricating properties of a lubricant base oil.
comprising the steps of!
blending with the lubricant base oii a sufficient amount of a pour point depressing

lubricant base oi} blending component to provide a lubricant base oil blend having a

reduced pour point,

wherein the pour point depressing lubricant base oil biending component is
recovered from a plastics feed comprising polyethylene that has been pyrolyzed and

catalytically isomerization dewaxed, boils in the range of 900°F to 1100°F, and has a

pour point in the range of -1 5°C to 0°C.

70.  The method of claim 19, wherein the pour point of the lubricant base oil

blend is reduced at least 3°C below the pour point of the lubricant base oil.
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oil blend having an increased viscosity index. 25. The method of claim 19, wherein the viscosity
index of the lubricant base oil blend is at least 3 numbers higher than the viscosity index of the
lubricant base oil. 26. A method for improving the lubricating properties of a lubricant base oil,
comprising the steps of: (a) isomerization dewaxing a pyrolyzed plastics feed by contacting at least a
portion of the pyrolyzed plastics feed with an isomerization dewaxing catalyst in a catalytic
isomerization dewaxing zone to provide an isomerization dewaxing effluent comprising a pour point
depressing lubricant base oil blending component, wherein the pyrolyzed plastics feed originates from

a plastics feed comprising polyethylene that has g% ed: 0Qverngdhespour point
depressing lubréant @?ﬁﬁ%@?ﬁ%ﬁh&gﬁ%éﬁi%ﬁ%t %%iﬁ%ﬁ%%%%@r%ﬁ%g%%%OOF to 1100F and having a
pour poiptdnithe-sange of k&G 16 BGoait [@)uslentine the bticpbiktdeiressing lubricant base oil
blending component with the lubricant base oil in the proper proportion to produce a lubricant base oil
blend having a lower pour point than the lubricant base oil. 27The method of c{)aim %p wherein at
least 20 weight=h of tHadsortedzdtivrirdeRaxhmcartie RO #RHEEFBOIMR HEBEEEHY Tubricant base oil

blending ﬁ%’ﬁp%’?&{z‘ked = easTe MELPH OF 61aIpb 26 onhereiniatieaste@iweight % of the
isomerizgle cwaxing eftfluent is the pour point depressing lubricant. as%}giltetg%pod;pg]é:omponent.
The method of efaim ZBjemheiherhah@aiBul pBiREEIABSIIETIEARE BRES bilbiend s at least 3C below the

pour point of the %@’%{{'Egﬂ? base.Qil 1iohi3RuTheIBethed ok elaim 26 pwhEreindheTpouriséint of the
lubricantbase oil blen is at least 6C below the pour ﬁ)qlint of the Pbricqgtrgg&ﬁigikeutraﬁl. The
method dfibtaimidgseibrefnrie PoUEYIIRTEH S TBACART base oll blend is at least 9C below the pour

point of the Iubrcant hase,@ihixtures thereof.

n4. The method of claim 19, wherein blending with the lubricant base oil with
the pour point depressing jubricant base oil blending component provides a lubricant base
oil blend having an increased viscosity index.

75 The method of claim 19, wherein the viscosity index of the lubricant base
oil blend is at least 3 numbers higher than the viscosity index of the lubricant base oil.

n6. A method for improving the lubricating properties of a lubricant base oil,
comprising the steps of:

(a) isomerization dewaxing a pyrolyzed plastics feed by contacting at least a
portion of the pyrolyzed plastics feed with an isomerization dewaxing catalyst in a
catalytic isomerization dewaxing zone 10 provide an isomerization dewaxing effluent
comprising a pour point depressing lubricant base oil blending component, wherein the
pyrolyzed plastics feed originates from a plastics feed comprising polyethylene that has
been pyrolyzed;

(b) recovering the pour point depressing lubricant base oil bilending component
boiling in the range of 900°F to 1 100°F and having a pour point in the range of -15°Cto
(°C; and |

(¢) biending the pour point depressing tubricant base oil hlending component with

the lubricant base oil in the proper proportion to produce a lubricant base oil blend having

a lower pour point than the lubricant base oil.
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- : S : step (c) produces a lubricant base oil bl '
higher viscosity index than the lubricant base oi oil blend having a
. ase oil.  34. The method of claim 33, wherein i i
:ng.)é ofttge lubricant base on blend is at least 3 numbers higher than the viscosity index of th(\-:‘llsCOSIty
ant base o537  The method of claim 26, wherein at ieast 20 weight % of the

isomerization dewaxing effluent is the pour point depressing lubricant base oil

hlending component.

7%, The method of ciaim 26, wherein at jeast 30 weight % of the
isomerization dewaxing effluent is the pour point depressing lubricant base oil

blending component.

56 The method of claim 26, whereln the pour point of the lubricant base

oil blend is at least 3°C below the pour point of the iubricant base oil.

30.  The method of claim 26, wherein the pour point of the lubricant base

oil biend is at least 6°C below the pour point of the lubricant base oil.

31 The method of claim 26, wherein the pour point of the lubricant hase

oil blend is at ieast 9°C below the pour point of the lubricant base oil.

32, The method of claim 26, wherein the Iubricant base oil i3 selected from
the group consisting of 2 Group I light neatra! lubricant base oil, a Group II medium
neutral lubricant base oil. & Group 11l light neutral lubricant base oil, 2 Group I

medium neutral iubricant base oil, and mixtures thereof.

33, The method of claim 26, wherein the blending step (¢) produces a

Jubricant base oil blend having a higher viscosity index than the iubricant base oil.

34, The method of claim 33, wherein the viscosity index of the lubricant
hase oil blend is at least 3 numbers higher than the viscosity index of the lubricant

base oil.




