PROCESS FOR MAKI NG HI GH VI SCOSI TY | NDEX LUBRI CATI NG BASE O LS TECHNI CAL

FI ELD [1] The present invention relates to a process for naking
Goup || wboue12@32e83p 111 | ubricating base oils from bl en@#€TafS2@2many1 | i ght
neutral base oil and a wax derived from pyrolyzing a plastics feed.
BACKGROUND [ 2] Because of environmental concerns, autonobile

manuf acturers and governnent regul ators have introduced new, nore stringent
perfornance rggrOCERSFOR MAKINGHICHVECESITY INSEX LUBRYE ASIIRE BASAt i ons
for finished lubricants are requiri ng“fr oducts having excellent |ow
tenperature properties, high oxidati 8tability, and low volatility.
Currently, only a small fraction of the base oils nmanufactured today are
able to neet these denandi ng specifications. [3] Goup Il plus base
oi |, thoUd¢HICALFIBEDI cial Anerican PetroleumInstitute (API) designation,

is atermuse : - i i ndex
(110- 119) andﬂ? ﬁef“?iﬁ gepﬁ Y%R‘}Oﬁ?gdﬁ@gé%%z’%%gﬁ“%fkb“%pggjlaﬁ%ﬂ\réz)‘%ﬁg%ptm [ 4]
Due to t Hdiricatingbayd @tsd“smt lyleledwf h oy bghanedtiaf hase pPRndG wappddrived bawe oi | s have
becone theroli) 5 e Sﬁlas,%cs .9f choice for the next generation of |ubricant
corrp05|t|3 sy ﬁurn has |ead to a greater demand for Goup Il base
oils. However, produm ng Goup Ill base oils can be difficult requiring the
use of spgci i viscosity index gas oils which can be higher in cost

t han gas%(lf@%?%o make G oup Il base oils. In addition, the production
of Goup Il pEse Bédassecoaen\aﬂoﬁmeﬁtumhaeenshgadm@jﬁmlkainngctgﬁees A s at higher
severity in order trqﬁ%’the Vi S osM%{‘lnde to | east 120 whi.ch may
resul t i FOYSRBFYTRIALS FodarHg o e iriEc 88 Or&aPcetrSQ‘ilr&W&Pts \9%“ ued

di esel anﬁbrmrhe rAsI d remt e %Bdﬁic&taon@lf& fRnaed l@Bhd’hgtstaFEareﬁiMﬁﬁg)ﬁl’oa&d&ﬂ{avﬁ@t al yst
life woul d be adVﬁ iia geous if a refiner could sinply swtch
fromG oﬁﬁcqllpn%%éﬁnmerat%? BRRETIFo AL SXG N Ab] it agd Iy valtdity Gurenthase oi |
product i QRiyYsnRHdiabGoPoThd ke STty fRlurd ddyfaed MM o3RePMekcfiepgndify the
hydrocracked Group Il base oil ahead of an isonerization dewaxing unit in
order to SPSHERt9Me viscosity index for as long as the Group Il plus or
Group 111 basgoa) | GRAAIAL A% WRSAEAHTAirdid Aucsh RidRubanadiant ageous
if the second feed were Iow in cost and had additional benefits, such as

r educt i ofABD devighatiomnentesn ugdde describe APL Gropig]l sgks ¢idighat visgosiomderost f eed
i's waste S mthe U S. Environnental
Protecti og Oiglteg QEdlgﬁ |c<laagf(1)1 e@%oﬁlﬁgg%oﬁlggggg%orc%sg and Recovery, about 52%
of all plasti &Oﬂhcﬂa@ﬁon@m lnwtvirgodiiviané thwSraddtdisy, AP Commpdslddsaofilshavey et hyl ene,
t he pref C I i cat

Pol yet hy ﬁ)e%oglget & %e st%ks off @1?012&3 rﬁﬁ?ﬂe/x? §15e92ﬂ1foh%f 1uBB%anF§Orﬁd%91t18fgsl %1618 |1ri/ et hyl ene
( HDPE) , \Mund:lhs liesd uosngﬂean%an rdemaidl fagGroug illd baxe rmilmesreselspmhucatg (Bm)up Iébasecand

| ow densi t y l.exible filns
such as. ol B RBfube Ment PRl G R b B e
about 30 hﬁghlei in@0sttiRNaP6ils Lmedatro mee}raipeldbase oﬂﬁmﬁammaﬂle@rddﬁcta)bmﬂt 18
mllion t er at 5. Transform ng waste pl astic

mat er a1 e Bt Shical S 58 e o P s Stk PR tE e i S s a

uni que onwlicuﬁlt}l MddxQo adéz[se $30 whigh P RguieMMbWarRi@N tidtn@bdibt Botential [ 7]
Accordin it would be desirable to devise an econom cal process which

converts %ﬂﬂde forek sefues] diesehind ey lightprodictivaard gharichiag ey oppFiary zi ng a
pl astics Cﬁ@g,gltuf@to Goup Il plus or Goup Il base oils. SUMARY OF THE

| NVENTI ON E ﬂﬁ In one aspect, the _invention relates to a glocess for
maki ng a | ubr (¥t i kyopsde aéantaﬁeQ}iSﬁgarﬁ ipqr sed pimply fyyich fiom Group dhese 110,

conpri si g g bS8 SrOip 11 FRVE! OF 11 LYY pkdcﬁ&ﬁonﬂﬁz%ﬂﬁllg aBASG aflolniyrd @ wax
derived from pyrolyzi ng a plastics feed conprising polyethylene to forma

bl end; hydhifiredseaong efl érthel bydsdranded ﬁeounllbbﬁde OIéhltﬁad etwvisargatidie

ct'ep. - DERAEED LSS & g P AR BBy o™ 0

t hr oughoutl beseeilgpedicfiorceas reqpigadt wotll aave ad\hetag@Iuis dwhergcanddeddngse unl ess

ot herw s di [ h L1" refers to a
base oi | q%a\r/}} éo%@a ﬁ%ad ?ddltlonal ‘t;eglﬁts V\ﬁéyasrr%%flﬁr%_ Og‘;'&lVl agg%gwgslé%lz (343C to
482C) and a pour p0| nt of at Ieast 20C [11] "Boiling range" refers
tothe 5 w. %boiling point to the 95 w. % boiling point, inclusive of
the end points, as neasured by ASTM D6352-04 (reapproved 2009) and referred
to herein as Sinulated Distillation. For exanple, a hydrocarbon with a
boiling range of 700F to 900F has a 5 wt. % boiling point greater than 700F
and a 95 wt. %boi | i ng point Iess t han 900F. [12] The ternms "waste

pl astics" or "waste polyethylene" refer to plastics or polyethylene that
have been subj ect to use and are con5| der ed ‘gar bage ref use, or materi al

A~ —— M o, =



[17] "Viscosity index" refers to an enpirical, unit-less nunber indicating
the effect of tenperature change on the kinematic viscosity of petrol eum
product s,weuetr/1a883kubri cati ng base oils. The hi gher theP¢ramsesi2ig1i7ndex of
an oil, the lower its tendency to change viscosity with tenperature. The
viscosity index can be determ ned by ASTM D2270- 10. [ 18] "Pour point"
refers to the tenperature at which a hydrocarbon fraction (e.g., a

lubricating bﬁﬁ)%LOOhe) cmnlnhl BRGLA 8 i WM MaGRE. A8bliRkRo eeas@f dryirgentrol [ ed
conditions. Int |sc osure, where pour point is given, ess stated

ot her wi sdhe 8. adropmentalfapiestianfasney O RST M Resowge @znsewefawn&?é‘eomm) or an
equi val e'&Boﬁ@QA/oyc;f L ast'f%a@%mg in the Ur{ltegktateglsoéé%pg&'d%tf olgﬁflﬁ[ﬂ% e

tenperature at whic hydr ocar bon fraction (e.q. P ricating base oil)
begi ns t erafevad feqs far mszles eavleision &r lebiidaripe elclﬁanblm:thjeldneddmp tsi fowrsl in o t hi s

di scl osur. . |t has
een dot orin hod oy ARKM IR e BIVER: NSRRI RS Pl Bl

[ 20] " Pemsiddisboilahlaad lorwecﬂeelslw padyethyéeng €bBP DN which fiswsed fQPA@kﬁerﬂﬁmUlec Tabl e of
the El e un 7 nd h numberin e r..the Periodic
Tabl o & e B SRR Bl gt oy Rt AR B IR DG B SR 53H hoger™ Wy
Li ght Nemmtla)h tBaper Yoat generated if 22()1)]8 cE’mparedl ewboutdisimdion tafstpenygar gabaaed

Feadst ol BERT DA PPUR wP TRt g ey Bl Skt FokaB B e on

subjecte®nkmmbpd£@ﬂg@mk@mgmb@ﬁmhyheuhasea@bae@cmwmdummumpmekﬁlgas oils and
heavy gas oil covered from d by distillatio gas oi
Compti S6s o sTBEE At encT il B Snfuis RhebbhebsnpoReRrscsliy Shout
50% or mebevely hyRb@idked ity B1édUgd MR Y evak ABTVdIBAPyrohin€ ¥ praRica Faed @b | 1 ng

poi nt raQ?e for a vacuun1%as OI| is typically from600F to 1050F (316C to
566C) . roup ITphs pr Gy Paseitilig i s general |y acconpl i shed by contacti ng,

in a hydrocracking reactor or reaction zone, the gas oil or other feedstock
to be treated with a suitable h drocracklng catal yst under conditions of

el evat ed SBAMéRat QF d R VgL Hydr ocr acki ng reactions reduce the

overal | ”D|eCFk@I MﬁhggﬁmafmEmﬁeﬂﬁﬁ%Ma@¥Qﬁﬂﬁ&%§9%rEﬁ%ﬁéEQQ%c&Bg%hﬁld
upgraded (tha hi gher Vvalue) products including blénding conponents for
t ranspor toelthaelng f yisPesit index afat diastsld, conprigiag dicistves off pesening g vadedsiir oduct s
that are

sopar at od TP Bt BA apdp LE R ROLAGALOEL PRENORAPITAEHNRIERR L i ons,
usi ng ondomr a biend: hgdpaemerizhondeyasng diedilénd; atd recwvo@atat lubneatindbasewdi ni ng

hi gher bqj | i N0 t neutral base oil, is

al ways ggﬁgia ﬂu&ﬁh?ﬁﬂm? %91?%%5 %PgdﬁﬁéX%%%lon of the waxy Ilght neutra
base oil can be drawn to the outside for use as a feedstock for |ubricating
base oi l i g waxy light neutral base oil can be recycled
back to t e}ﬂggbgg%%gﬁ?kghﬁnlt [23] While this recycled materia
cont ai ns predgnppanmdmu&mg@emnnwﬂﬂeuhaﬂmw&gg@nﬂh%@ﬁﬁﬁ&h&@ﬂﬁnmmhevMexy | i ght
neut r al bﬁ%F10|l i S norna X till .considered to have inproved quality
conpar ed ! W@ngPE@Wn%E5V§ ﬂﬁﬂ?ﬁ?é? GfFdf eedst ock, due to other reactions
in the hydr ocmo](lh ﬂWaZy)ﬁgnt nbtﬂra}DBz[sE i Uteddrs tolte @f %dvh% aheuelrgqa{gegf

contam nants,, su fur and nitrogen conpounds, are _renoved; aromatic
conpound@perpéwﬁﬁpf 6@%&9@8 k@44 ke f‘%&?w&apmepwat 3t 574 28E- cycli ¢

conmpounds; angh1¥i Sedsilihy ranSc’ TreRHGS the 576t & YRS Joint I e WRNY. 9% b&hg neut r al
base oil is stabilized and generally has gro erties that are favorable for

| ubr i cantPoladeclyivesf the end poinspasjmeppisedet at Mrdo3e ddilerpriaved 30@hend

hydrOcraQ&kﬂ&h%%&%n@ﬁ%uhagﬁé[ﬂ%ﬂh&%’F&ﬂm&ﬁﬂ@ﬁﬁ%ﬂﬂkmﬂ%Q&ﬂﬁ%%Sﬁmgﬁm,e
operations. The tenperature in the hyd rocrack i g zone wi| In the

range of of 7¢hF 500k basgdem. (oBi@anyi g@ykr thew 00 Bgndw Phivh % b@lllil%mglet of from
653F to K%Zﬁmﬁ§@§§ to 425C). A total pressure above 1000 psig (6.89 MPa) is
used. For exa , the total pressure can be above 1500 psig (10.34 MPa),

or above 2000(ﬁéigﬂ@l@nmgwwﬁaﬂwﬁﬁrpﬁbwghPQVehﬂ@E"nﬁxhnﬂwﬁgﬂessures have

been rep hter e I practi cal

t ot al %s%gt?yelg&edr‘n%}ﬁﬁelbgg‘ i ﬁ"o%%&‘f:%%d@ﬂ%g&% % (%@e‘g%‘)m. Bhe T qui d
hourly SQG@@“@GlOCIty (LHSV) wll usually fall MAthin the range of fromOo.2
to 5 h-1, typically from0.5 to 1.5 h-1. The supply of hydrogen (both
make-up and recycle) is preferably in excess of the stoichionetric anount
needed to crack the target nolecules &d will usually fall within the range
of fromO0.5 to 20 MSCF/ bbl (thousand standard cubic feet per barrel). In
one enbodi nent, the hydrogen will be within the range from2 to 10

VMBSCF/ bbl . Note that a feed rate of 10 MSCF/ bbl is equivalent to 1781 L H2/L
feed. [25] The catalysts used |n the hydrocracklng zone are conposed

- e . .



[ 34] The pyrolysis zone pressure can be controlled by vacuum or by addition
of an inert gas (that is, acts inert in the pyrolysis zone) selected from
for exanpWe,20rymsssgen, hydrogen, steam nethane or recyeCedskégleeiignds from
the pyrolysis zone. The inert gas reduces the partial pressure of the

pl asti c gaseous product. It is the partial pressure which is of interest in

controlling the weight of the pyrolysis zone product. [ 35] The
pyrolysis zonﬁn@jfermnst%@lmaslnysn%pml@inq)%lyeh%&a@efa%&amgs510I nt range of
materials. The rolysis zaone effluent (liquid portion) is very waxy and

has a h|@HWEBHPRﬁBFﬁFf“ﬂ%“@@ﬁﬁ“ﬂ%é@“ﬁmﬂ PPl ieen IRECSBHE- ol ef i ns. The

ef fluent stregmuearGe fibactdionatg e PYase 6 wathicoMans BRABSthhM$qhyipd cal |y at
| east three fractions, a light, nlddle and heavy fraction. The |ight

fracti on 90 gturatgsngless thary ef cayglity PR3 orwl it and dam WpGesitgRde Srererhasgs

material ang (gape-lesd ian To6l sy he %@ﬁ“h@ﬂe&@ds&pem@c@qg Thle BP0 Anhdifbmt © 343C
boiling point) is typically a mddle distillate range material. The heavy
fract i on Pewolgum IiggppePubBgaion 161 i ng point) is a lubricating oil range

mat eri al . ack - [ 36]
The waxy Ilgh(hsgué%§ﬂ§g§§§%%%qnl ﬁgﬁﬁiéggilgggFgéﬁﬂ r nfﬁ%ﬁ%ﬁﬁgwﬁg a

pl asti cs greed than er grluehidd dO byd lnwdhen MBI | known in the art. Typical bl ends
conprise a m € f t oil and
10 to 90 wt. g?% (%%mgalﬁge§?v%$r%roqmyﬂggwm§¥%ﬁlm%g$%§$?%é%$gﬁ%§%based on
t he t ot al90Wedagindtesaind dsethbh endluallto 00A% selflnoold tesd yisdokigy bllengteaomripmicses at

| east 20 wt . % erived fr feed; in
second er‘?ﬂ%% Nt tusm§1?he1%§acng PGS flﬂﬁg %Ogérn}e\%%%ﬁ;etr rf%upyrol yzing a
pIaStICslﬁﬁmﬂePMﬂwaumhﬁﬁﬁ enbodi nent, at Ieast 40 wt. % of the wax derived
from pyrol yzi plastics feed;, in a faur odi ast. 50 wt. %
of *the wax” deRaEa Y RSmERreT ySimys a pnatin cuRIRe qubpamifipe Faeciges. | n

t he bl endfa@mpcharyehangesd MeHmEﬂh@tﬁﬁ oSty EIpBigol unP hdldtS Sudhee thbgidatingr oduce
hi gher vi scos is usually desirable to

ity index base oi
mai nt ai n 4% qﬂévf( he highstde pispostty a@%afse% B ﬁlefefwerftﬁéens?néﬁép chapgq HEOHPr ol yzed
pl asti cs \figaenpasuleOPhd s iWaK R Qah bOGt@bRmYa b}0AMR 0538C)0. then the bl end

has a high cloud point which is difficult to reduce wthout extra

conversi on i n(®Ifk Redr RATROHERD sthf ispaBtEK Mrgridy &y drqcarbem &2ioBdeignnt , | ess
than 10 Wpricds baE%l)%H bé?ﬁ toviGSly ﬁﬂc@me?%fncblabé%llf}gtoﬁ‘trcmeﬁéeﬂcﬁt?ong 8RGipoi | s
above 1000F (538C); in another enbodi ment, |ess than wt. % of the wax
derived fdisslospy. rwemwgpentps aiven, gglepsegtedsharyisatiohes bi@wwrl(nsleeby

Hydr oi so 1 [ rization dewaxing is
achievedq%?“égﬁ?22?%ﬁéﬁ?ﬁgg%%gﬁéOQWTﬁﬁmﬂﬁng 4@%ﬁ%§@§§tlon catalyst in an

i someri zat i on[M8he “Weonaepointty thfay$ the memperdtyrg at:\Mlmdh & hydecarbbndraction (e.g., a

hydr oi so C

ot er modi s % GOLRLET BRI Shit W RTBLLART AuBIRPR B AR |

conpone ntd;scbmde awlreed crlmitpmy 1sogwtmeulﬂes]s pdrtwiscliteed, sthapbees elbtenmne/deby

internedl ze nol.e ular ) s.typically selected fromthe group
consi st nﬁ%@(@ﬁr an SRS an%)&‘ﬁé/ﬁ‘iﬁl oM 3, SM 7, ZSM 22, ZSM 23,

ZSM 35, ZSM 48207 SWchddic $8ﬂe’312fers§821&e3@)§,10rm§‘tﬂ&ﬂ Turedi Paredic3aBled2Hhe of fretite,
ferrieri and s reof SAPO-11, .S S 32, ZSM 23,
ond” conbinr s gcn: >8P eeunFE AT BhE SIS AT B G SO on
conponen&wﬁﬂnubﬁ(pkapE@ym@w@@Bﬁam@ﬂmU@&gponblnations t her eof [ 39]
The hydroi soneri zing conditions depend on the blend used, the

hydr oi soneri zati on catal yst used, whether or not the catalyst is sulfided,
the desi negky)iightNeuaniBatheildesi red properties of the lubricating base oil.
Preferred hydroi sonerizing conditions useful in the current invention
include tenperatures of 500F to 775F (260C to 413C), a total pressure of 15
to 3000 psig (§110pdiR1ca0: EfndMSon pRodubiS¥esRib1OpdaudiuéPadiube baadgoék By dr ogen
to feed ratio from2 to 30 MSCF/ bbl. In some enbodi nents, the hydrogen to
feed rat iydiegiaciies ¢ hystiocartop feedsthabciering from aruge pibrer PemRlcaF s diterks GOMSCF/ bbl |
and in Sto‘ftt:lll sﬂ)ﬁé&%ﬁ% hyREBrakin® & IMa/sle)c Ridhat o Jiseth i@t el 10

MSCF/ bbl is equivalent to 1781 L H2/L f Cener al F hydrogen wi | | be
separ at edilf rspyerdsergm ogde oil bndistiliagipr |Aetyptcel gapeil P@@W@ﬁ 2 atbisf@mai perdon

[40] In some enbodi ments, the hydroi sonerization dewaxing is conducted in a
series of reactors for optinal yield and base oil properties. A series of
hydr oi soneri zation reactors with inter>-reactor separation nmay achieve the
sane pour point reduction, at |ower tenperatures and | ower catalyst aging
rates, as a single reactor w thout product separation and recycle or

mul tiple reactors without inter-reactor separation. Therefore, multiple
reactors mnth inter- reactor separatlon may operate Ionger mnthln the

o Y M o, o, [ o



[47] In one enbodinment, the lubricating base oil has a cloud point of |ess
than OC. [ 48] EXAMPLES. The follow ng exanples are given to

i 1l ustratwotzhe/pssssent i nvention. It shoul d be under st o@dT/Usoweeriyl t hat
the invention is not to be limted to the specific conditions or details
described in these exanples. Exanple A [49] A hydrocracked waxy
light neutral base oil was isomerized over a Pt/SSZ-32 catalyst, containing

35 wt.  Y.EAAEAKoh)coRbsHENR2uBAINABOuT F00RorGRGE bpwefgﬁt H6iEde Euogb7m0§ssure pi | ot
plant with once-through hydrogen gas, Run conditions were 1.0 h-1 LHSV,

575F, 19338256} g\nteestﬂaplawrt@ﬂ@arpémt gRge B 702qu80rppil ISHzplcqﬂdm @Qé)al?ﬁ%f t he
i soneri zaphk@p (sRb@ky§eotps a second reactor containing a Pd on

silica- alun1na hydrofinishing catalyst run at 1.0 h-1 LHSV and 450F.

| nspecti ons oﬂﬂﬂﬁeﬁbﬁgéwﬁﬂglﬁ@@Gm§Véﬂ@HméﬁWdhyT@nM@n&1n¢éb¢@mldwwyy Li ght

yeh a??%ﬁ’ra‘if &i@%ﬁey Rl B oAab BE wbbedw DBy 28T 01

95/ EP hydrocrackmg catalyst under conditions of elevated temperature and pressure. Hydrocracking
reactions reduce the overall molecular weight of the heavy hydrocarbon feedstock to yield
upgraded (that is, higher value) products including blending components for transportation
fuels such as diesel and gasoline. These upgraded products that are converted in the
hydrocracking reaction zone are typically separated from the total hydrocracker effluent as
lower boiling fractions, using one or more separation and/or distillation operations. A
remaining higher boiling fraction, containing a waxy light neutral base oil, is always
generated in the fractionators. A portion of the waxy light neutral base oil can be drawn to
the outside for use as a feedstock for lubricating base oil while the remaining waxy light
neutral base oil can be recycled back to the hydrocracking unit.

[023] While this recycled material contains predominantly higher molecular weight
hydrocarbons, the waxy light neutral base oil is normally still considered to have improved
quality compared to the fresh heavy hydrocarbon feedstock, due to other reactions in the
hydrocracking zone. In particular, most of the heteroatom contaminants, such as sulfur and
nitrogen compounds, are removed; aromatic compounds are hydrogenated to their
corresponding saturated cyclic compounds; and viscosity is reduced. As a result, the waxy
light neutral base oil is stabilized and generally has properties that are favorable for lubricant
base oils.

[024] The operating conditions in the hydrocracking zone are those typical of
commercial hydrocracking operations. The temperature in the hydrocracking zone will be
within the range of from 500°F to 896°F (260°C to 480°C), such as within the range of from
653°F to 797°F (345°C to 425°C). A total pressure above 1000 psig (6.89 MPa) is used. For
example, the total pressure can be above 1500 psig (10.34 MPa), or above 2000 psig (13.79
MPa). Although greater maximum pressures have been reported in the literature and may be
operable, the maximum practical total pressure generally will not exceed 3000 psig (20.68
MPa). The liquid hourly space velocity (LHSV) will usually fall within the range of from 0.2
to 5 h™', typically from 0.5 to 1.5 h™". The supply of hydrogen (both make-up and recycle) is
preferably in excess of the stoichiometric amount needed to crack the target molecules and

will usually fall within the range of from 0.5 to 20 MSCEF/bbl (thousand standard cubic feet



839/ 876 [ 50] Product yields and properties are given in Table 2.
Conversion < 700F is defined as: [(g 700F+ (feed) - g 700F+ (product))/g
700F+ (few02p12x128838% Table 2 Isonerization of Waxy Li got/useunail7Base O |
at 575F, 1.0111 LHSV, 1935 psig, and 5.70 MSCF/ bbl H2 Conversion < 700F
(WM. % 7.64 Yields (wt. %9 ClL - C2 0.08 C3 0.59 ¢4 0.63 C5 - 180F 1.56
180 - 700F 23.65 700F+

per barrel). In one embodiment, the hydrogen will be within the range from 2 to 10
MSCF/bbl. Note that a feed rate of 10 MSCF/bbl is equivalent to 1781 L H,/L feed.

[025] The catalysts used in the hydrocracking zone are composed of natural and
synthetic materials having hydrogenation and dehydrogenation activity. These catalysts are
well known in the art and are pre-selected to crack the target molecules and produce the
desired product slate. The hydrocracking catalyst is selected to convert a heavy hydrocarbon
feedstock to a product slate containing a commercially significant amount of a waxy
intermediate fraction which will be upgraded to the base oil. Exemplary commercial cracking
catalysts generally contain a support consisting of alumina, silica, silica-alumina composites,
silica-alumina-zirconia composites, silica-alumina-titania composites, acid treated clays,
crystalline aluminosilicate zeolitic molecular sieves (e.g., zeolite A, faujasite, zeolite X,
zeolite Y), and various combinations of the above. The hydrogenation/dehydrogenation
components generally consist of a metal or metal compound of Group 6 or Groups 8 to 10 of
the Periodic Table of the Elements. Metals and their compounds such as, for example, cobalt,
nickel, molybdenum, tungsten, platinum, palladium and combinations thereof are known
hydrogenation components of hydrocracking catalysts.

[026] Lighter products can be removed from the hydrocracker effluent by distillation
to provide a waxy light neutral base oil. Various different types of vacuum distillation control
systems may be employed, such as those taught in U.S. Pat. Nos. 3,365,386; 4,617,092; or
4,894,145.

[027] The waxy light neutral base oil has a pour point of at least 20°C; generally,
from 20°C to 40°C; typically from 20°C to 30°C; and often from 20°C to 24°C.

Wax Derived from Pyrolyzing a Plastics Feed

[028] The plastics feed can be selected from the group consisting of waste plastics,
virgin plastics, and mixtures thereof. Use of waste plastics in the plastics feed reduces the
cost of the process. However, it is not necessary to utilize waste plastics. As such, the plastics
feed can be composed entirely of virgin plastics.

[029] The plastics feed can also contain polyethylene. The plastics feed can
comprise between 80 wt % and 100 wt. % polyethylene, for example, between 95 wt. % and
100 wt. % polyethylene. 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



74.17 Pour point (C) -15 doud point (C) -2 Viscosity, 40C (cSt) 17.81

Vi scosity, 100C (cSt) 3.844 VI 107 Exanple 1 [051] To the feed of
Exanpl e Aveasi2zzdessd 11 wt. % of a 650F+ wax derived fromCrhis2@piooigsi s of a
wast e pol yet hyl ene feedstock. The resulting feed had the inspections shown
in Table 3. Table 3 Blend of Waxy Light Neutral Base Ol and 11 wt. % 650F+
Wax from Plastic Pyrolysis Gavity ('"APl) 34.5 Sinmulated Distillation, (F,

LV9) | BRERcted from the group consisting of high-density polyethylene (HDPE), low-density
polyethylene (LDPE), and mixtures thereof.

[030] Typically, the plastics feed is ground to a suitable size for transport to a
pyrolysis zone and then transported to the pyrolysis zone by any conventional means for
feeding solids to a vessel. Optionally, the ground plastics feed can be heated and initially
dissolved in a solvent. This heated material can then be passed by an auger, or other
conventional means, to the pyrolysis zone. After the initial feed, a portion of the heated
liquefied feed from the pyrolysis zone can be optionally removed and recycled to the feed to
provide a heat source for dissolving the feed.

[031] The plastics feed can contain some contaminants normally associated with
waste plastics, ¢.g., paper labels and metal caps. The feed can also contain chlorine, for
example, less than about 20 ppm. A substantial portion of any chlorine in the feed can be
removed by adding a chlorine scavenger compound (e.g., sodium carbonate) to the feed. Such
a chlorine scavenger compound reacts with chlorine in the pyrolysis zone to form sodium
chloride, which becomes part of the residue at the bottom of the pyrolysis zone.

[032] Pyrolysis conditions in the pyrolysis zone can include a temperature from
450°C to 700°C, typically from 450°C to 600°C. Generally, the plastics feed has a residence
time in the pyrolysis zone between 3 minutes and 1 hour.

[033] Conventional pyrolysis technology teaches operating conditions of above-
atmospheric pressures. By adjusting the pressure downward, the yield of a desired product
can be controlled. If a pyrolysis effluent of lighter wax is desired, the pressure in the
pyrolysis zone should be about atmospheric, for example, from 0.75 atm to 1 atm. Ifa
pyrolysis effluent of heavier wax is desired, the pressure in the pyrolysis zone can be sub-
atmospheric, for example, not greater than 0.75 atm or not greater than 0.5 atm. Without
wishing to 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,
resulting in a greater yield of heavier wax.

[034] The pyrolysis zone pressure can be controlled by vacuum or by addition of an
inert gas (that is, acts inert in the pyrolysis zone) selected from, for example, nitrogen,
hydrogen, steam, methane or recycled light ends from the pyrolysis zone. The inert gas
reduces the partial pressure of the plastic gaseous product. It is the partial pressure which is

of interest in controlling the weight of the pyrolysis zone product.



583/ 644 10/ 30 672/ 724 50 756 70/ 90 788/ 833 95/ EP 854/ 944 [052] This
feed was isonerized over the sane catalyst as the feed in Exanple A at the
sanme tot avoppegessss, LHSV, and H2 rate, but an isoneriz&Crars2adanailyst
reactor tenperature of 600F. Hydrofinishing was the sane as in Exanple A
Product yields and properties are given in Table 4. Table 4 Isonerization
of Waxy Light Neutral Base Ol Plus 11 wt. % Wax from Plastic Pyrolysis at

?005 A é 3 hl é d%@ﬁWhé?@éys@sSicﬂe eﬁm@m@yﬁw%&%ﬁm biddd BARNEFGH PhgE of 00F (Wt .
I el ds
" materials. 4‘he pyrolysis zone efﬂuent (11qu1d portlon) is very waxy and has a high pour point.

It comprises n-paraffins and some olefins. The effluent stream can be fractionated by
conventional means into typically at least three fractions, a light, middle, and heavy fraction.
The light fraction (e.g., 350°F—; 177°C- boiling point) contains gasoline range material and
gases. The middle fraction (e.g., 350°F to 650°F; 177°C to 343°C boiling point) is typically a
middle distillate range material. The heavy fraction (e.g., 650°F+; 343°C+ boiling point) is a

lubricating oil range material. All fractions contain n-paraffins and olefins.
Blends

[036] The waxy light neutral base oil and the wax derived from pyrolyzing a plastics
feed are blended by means well known in the art. Typical blends comprise a mixture of 90 to
10 wt. % of the waxy light neutral base oil and 10 to 90 wt. % of the wax derived from
pyrolyzing a plastics feed, based on the total weight of the blend. In one embodiment, the
blend comprises at least 20 wt. % of the wax derived from pyrolyzing a plastics feed; in
second embodiment, at least 30 wt. % of the wax derived from pyrolyzing a plastics feed; in a
third embodiment, at least 40 wt. % of the wax derived from pyrolyzing a plastics feed; in a
fourth embodiment, at least 50 wt. % of the wax derived from pyrolyzing a plastics feed.
Higher percentages in the blend of the wax derived from pyrolyzing a plastics feed can
produce higher viscosity index base oils.

[037] It is usually desirable to maintain as low a cloud point as possible for the
blend. If the pyrolyzed plastics feed has too much wax boiling above 1000°F (538°C), then
the blend has a high cloud point which is difficult to reduce without extra conversion in the
hydroisomerization dewaxing step. In one embodiment, less than 10 wt. % of the wax derived
from pyrolyzing a plastics feed boils above 1000°F (538°C); in another embodiment, less
than 5 wt. % of the wax derived from pyrolyzing a plastics feed boils above 1000°F (538°C).

Hydroisomerization Dewaxing

[038] The hydroisomerization dewaxing is achieved by contacting the blend with a
hydroisomerization catalyst in an isomerization zone under hydroisomerizing conditions. The
hydroisomerization catalyst generally comprises a shape selective intermediate pore size

molecular sieve, a noble metal hydrogenation component, and a refractory oxide support. The



0.40 C4 0.96 C5 - 180F 2.27 180 - 700F 21.55 700F+ 75.10 Pour point (C) -18
Cl oud point (C) +4 Viscosity, 40C (cSt) 19.60 Viscosity, 100C (cSt) 4.162
VI 115 Bxearepi2#128834 [053] To the feed of Exanpl e AreadiSagidegii2l. 3 wt.
% of a 650F+ wax derived fromthe pyrolysis of a waste polyethyl ene
feedstock. The resulting feed had the inspections shown in Table 5.

shape selective intermediate pore size molecular sieve is typically selected from the group

consisting of SAPO-11, SAPO-31, SAPO-41, SM-3, SM-7, ZSM-22, ZSM-23, ZSM-35,

ZSM-48, ZSM-57, SS7Z-32, SSZ-32X, metal modified SSZ-32X, offretite, ferrierite, and

combinations thereof. SAPO-11, SM-3, SM-7, SSZ-32, ZSM-23, and combinations thereof

are often used. The noble metal hydrogenation component can be platinum, palladium, or

combinations thereof.

[039] The hydroisomerizing conditions depend on the blend used, the
hydroisomerization catalyst used, whether or not the catalyst is sulfided, the desired yield,
and the desired properties of the lubricating base oil. Preferred hydroisomerizing conditions
useful in the current invention include temperatures of 500°F to 775°F (260°C to 413°C), a
total pressure of 15 to 3000 psig (0.10 to 20.68 MPa), a LHSV 0f0.25t0 20 h™', and a
hydrogen to feed ratio from 2 to 30 MSCF/bbl. In some embodiments, the hydrogen to feed
ratio can be from 4 to 20 MSCF/bbl, in others from 4.5 to 10 MSCF/bbl, and in still others
from 5 to 8 MSCF/bbl. Note that a feed rate of 10 MSCF/bbl is equivalent to 1781 L Hy/L
feed. Generally, hydrogen will be separated from the product and recycled to the
isomerization zone.

[040] In some embodiments, the hydroisomerization dewaxing is conducted in a
series of reactors for optimal yield and base oil properties. A series of hydroisomerization
reactors with inter-reactor separation may achieve the same pour point reduction, at lower
temperatures and lower catalyst aging rates, as a single reactor without product separation
and recycle or multiple reactors without inter-reactor separation. Therefore, multiple reactors
with inter-reactor separation may operate longer within the desired ranges of temperature,
space velocity and catalyst activity than a single reactor or multiple reactors without inter-
reactor separation.

[041] Additional details of suitable hydroisomerization dewaxing processes are
described in U.S. Pat. Nos. 5,135,638; 5,282,958; and 7,282,134,

Hydrofinishing

[042] Optionally, the base oil produced by hydroisomerization dewaxing may be
hydrofinished. The hydrofinishing may occur in one or more steps, either before or after
fractionating of the base oil into one or more fractions. The hydrofinishing is intended to
improve the oxidation stability, UV stability, and appearance of the product by removing

aromatics, olefins, color bodies, and solvents. A general description of hydrofinishing may be



Table 5 Blend of Waxy Light Neutral Base G| and 21.3 wt. % 650F+ Wax from
Plastic Pyrolysis Gavity (APl) 35.6 Sinulated Distillation, (F, LV%

| BP/ 5 591W6481210880 675/ 728 50 761 70/ 90 795/851 95/ EP $61/UB0®4/021171

[054] This feed was isonerized over the sane catal yst as the feed in
Exanple A at the sane total pressure, LHSV, and H2 rate, but an

i somerization catalyst reactor tenperature of 610F. Hydrofinishing was the

sane as iffuniA TR, Paf\WNol 38007 yﬂcr:zi 6‘7% ANOITIRMBRhIsER e 3l nil) ¥EReddd thabl € 6.

Table 6 Isonmerization of Waxy L Neutral ~Base O T
reduce the amount of olefins in’the base 011 to less than 10 wt. %, generally less than 5 or 2
wt. %, more typically less than 1 wt. %, even more typically less than 0.5 wt. %, and most
often less than 0.05 or 0.01 wt. %. The hydrofinishing step may also be needed to reduce the
amount of aromatics to less than 0.3 or 0.1 wt. %, generally less than 0.05 wt. %, more
typically less than 0.02 wt. %, and often less than 0.01 wt. %. Generally, the hydrofinishing is
conducted at a total pressure greater than 500 psig (3.45 MPa), more typically greater than
700 psig (4.83 MPa), and often greater than 850 psig (5.86 MPa). In some embodiments, the
hydrofinishing may be conducted in a series of reactors to produce base oils with superior
oxidation stability and low wt. % Noack volatility. As with hydroisomerization dewaxing,
hydrofinishing in multiple reactors with inter-reactor separation may operate longer within

the desired ranges of temperature, space velocity and catalyst activity than a single reactor or

multiple reactors without inter-reactor separation.
Fractionating

[043] Lubricating base oil is typically separated into fractions. The lubricating base
oil, if broad boiling, may be fractionated into different viscosity grades of base oil. In the
context of this disclosure, “different viscosity grades of base 0il” is defined as two or more
base oils differing in kinematic viscosity at 100°C from each other by at least 1.0 cSt.
Typically, fractionating is done using one or more vacuum distillation units to yield cuts with
pre-selected boiling ranges.

[044] In one embodiment, the lubricating base oil is a Group II plus base oil; in
another embodiment, a Group III base oil.

[045] In one embodiment, the lubricating base oil has a viscosity index of at least
130; in another embodiment, a viscosity index of at least 140.

[046] In one embodiment, the lubricating base oil has a pour point of less than 0°C;
in another embodiment, a pour point of less than -10°C; in yet another embodiment, a pour
point of less than -20°C.

[047] In one embodiment, the lubricating base oil has a cloud point of less than 0°C.

[048] EXAMPLES: The following examples are given to illustrate the present
invention. It should be understood, however, that the invention is not to be limited to the

specific conditions or details described in these examples.



Plus 21.3 wt. % Wax from Plastic Pyrolysis at 610F, 1.0 h-1 LHSV, 1935
psig, and 5.70 MSCF/ bbl H2 Conversion < 700F (wt. 9% 10.21 Yields (. %
Cl - C2 OWO20031288386 C4 1.38 C5 - 180F 2.72 180 - 700F POTBR2MROBEH7V4. 77
Pour point (C -22 Cdoud point (C +7

Example A
[049] A hydrocracked waxy light neutral base oil was isomerized over a Pt/SSZ-32

catalyst, containing 35 wt. % CATAPAL® alumina binder in a continuous feed high pressure
pilot plant with once-through hydrogen gas. Run conditions were 1.0 h! LHSV, 575°F, 1935
psig total pressure, and 5.70 MSCF/bbl H,. Downstream of the isomerization catalyst was a

second reactor containing a Pd on silica-alumina hydrofinishing catalyst run at 1.0 h! LHSV

and 450°F. Inspections on the base oil feed are given in Table 1.

Table 1
Waxy Light Neutral Base Oil

Gravity (CAPI) 34.1
Pour point (°C) +24
Simulated Distillation, (°F, LV%)
IBP/5 575/640
10/30 669/720
50 751
70/90 782/821
95/EP 839/876

[050] Product yields and properties are given in Table 2. Conversion < 700°F is
defined as: [(g 700°F+ (feed) — g 700°F+ (product))/g 700°F+ (feed)] x 100%.

10



Vi scosity,

[ 55]

40C (cSt) 19.27 Viscosity,

To the feed of Exanple A was added 50 wt.

100C (cSt) 4. 163 VI

120 Exanple 3

% of a 650F+ wax derived

from t he worolysss4of a waste pol yet hyl ene feedstock. ThReTASgukvezng! f eed
had the i nspections shown in Table 7. Table 7 Bl end of Waxy Light Neutral

Base Q|

Sinmul ated Distillation,

and 50 wt.
(F, LV%

% 650F+ Wax from Plastic Pyrolysis Gravity (API
| BP/5 594/ 649 10/ 30 675/ 732 50 771

Table 2

Isomerization of Waxy Light Neutral Base Oil
at 575°F, 1.0 h"' LHSV, 1935 psig, and 5.70 MSCF/bbl H,

) 36.6

Conversion < 700°F (wt. %) 7.64
Yields (wt. %)
Ci-C 0.08
Cs 0.59
Cs 0.63
Cs — 180°F 1.56
130 — 700°F 23.65
700°F+ 74.17
Pour point (°C) -15
Cloud point (°C) 2
Viscosity, 40°C (cSt) 17.81
Viscosity, 100°C (cSt) 3.844
VI 107

Example 1

[051]

To the feed of Example A was added 11 wt. % of a 650°F+ wax derived from

the pyrolysis of a waste polyethylene feedstock. The resulting feed had the inspections shown

in Table 3.

Table 3

Blend of Waxy Light Neutral Base Oil and 11 wt. % 650°F+
Wax from Plastic Pyrolysis

Gravity (°API) 345
Simulated Distillation, (°F, LV%)
IBP/5 583/644
10/30 672/724
50 756
70/90 788/833
95/EP 854/944

11



70/ 90 815/918 95/ EP 973/ 1073 [56] This feed was isonerized over the
sane catalyst as the feed in Exanple A at the sane total pressure, LHSV,
and H2 r awe,20tm8sn | sonerizati on catal yst reactor tenpecatuse@20211622F.
Hydr of i ni shing was the sanme as in Exanple A Product yields and properties
are given in Table 8. Table 8 Isonerization of Waxy Light Neutral Base Ol
Plus 50 wt. % 650F+ WAx from Plastic Pyrolysis at 622F, 1.0 h-1 LHSV, 1935

psig, and 5. 7@)sMBCHIiPREd FH3s £0AMBAE 00R tife sGRRRathMht-as We AR iR ExthSb BSat(W . 99
Cl - C2 0.19 .70 C4 1.80 C5 - 180F

the same total pressure, LHSV, and H; rate, but an isomerization catalyst reactor temperature
of 600°F. Hydrofinishing was the same as in Example A. Product yields and properties are

given in Table 4.

Table 4

Isomerization of Waxy Light Neutral Base Oil
Plus 11 wt. % Wax from Plastic Pyrolysis
at 600°F, 1.0 h™" LHSV, 1935 psig, and 5.70 MSCF/bbl H,

Conversion < 700°F (wt. %) 8.46
Yields (wt. %)
Ci-C 0.12
Cs 0.40
Cs 0.96
Cs — 180°F 2.27
130 — 700°F 21.55
700°F+ 75.10
Pour point (°C) -18
Cloud point (°C) +4
Viscosity, 40°C (cSt) 19.60
Viscosity, 100°C (cSt) 4.162
VI 115
Example 2

[053] To the feed of Example A was added 21.3 wt. % of a 650°F+ wax derived
from the pyrolysis of a waste polyethylene feedstock. The resulting feed had the inspections

shown in Table 5.

12



3.56 180 - 700F 23.67 700F+ 70.58 Pour point (C) -20 Coud point (C +16
Viscosity, 40C (cSt) 21.01 Viscosity, 100C (cSt) 4.580 VI 137 [57] Note

t hat whi Iwothe/18834s hi gh, the cloud point (+16C) is hi @goTas2ewiok117Exanpl e
4 [ 58] The 650F+ wax from pyrolysis of polyethylene was distilled
at 950F to renove the high boiling tail (about 15 wt % of the wax) which was
believed to be responsible for the high cloud point in the product oil.
This gave a wax with the sinul ated digfid | ati on shown in Table 9. Table 9

650- 950F Wax from Plastic Pyrolysis Sinmulated Distillation, (F, LV%
Blend of Waxy Light Neutral Base Oil and 21.3 wt. % 650°F+

Wax from Plastic Pyrolysis

Gravity (°API) 35.6
Simulated Distillation, (°F, LV%)
IBP/5 591/648
10/30 675/728
50 761
70/90 795/851
95/EP 891/1034

[054] This feed was isomerized over the same catalyst as the feed in Example A at
the same total pressure, LHSV, and H; rate, but an isomerization catalyst reactor temperature
of 610°F. Hydrofinishing was the same as in Example A. Product yields and properties are
given in Table 6.

Table 6

Isomerization of Waxy Light Neutral Base Oil
Plus 21.3 wt. % Wax from Plastic Pyrolysis
at 610°F, 1.0 h™" LHSV, 1935 psig, and 5.70 MSCF/bbl H,

Conversion < 700°F (wt. %) 10.21
Yields (wt. %)
Ci-C 0.15
Cs 0.56
Cy 1.38
Cs— 180°F 2.72
180 — 700°F 20.87
700°F+ 74.77
Pour point (°C) -22
Cloud point (°C) +7
Viscosity, 40°C (cSt) 19.27
Viscosity, 100°C (cSt) 4.163
VI 120

13



| BP/5 644/ 669 10/ 30 689/ 755 50 821 70/90 888/971 95/ EP 1002/ 1074

[59] 25 wt. % of this wax was bl ended into the feed of Exanple A, with the
resul ti ngwvbeet/128884ng t he i nspecti ons shown in Tabl e 10PCTAlsR&2011Bl end of
Waxy Light Neutral Base G| and 25 wt. % 650-950F Wax from Pl astic
Pyrolysis Gravity (APl ) 34.8 Sinulated Distillation, (F, LV% [IBP/5

603/ 645 10/ 30

Example 3
[055] To the feed of Example A was added 50 wt. % of a 650°F+ wax derived from

the pyrolysis of a waste polyethylene feedstock. The resulting feed had the inspections shown

in Table 7.
Table 7
Blend of Waxy Light Neutral Base Oil and 50 wt. % 650°F+
Wax from Plastic Pyrolysis
Gravity (°API ) 36.6
Simulated Distillation, (°F, LV%)

IBP/5 594/649
10/30 675/732

50 771
70/90 815/918
95/EP 973/1073

[056] This feed was isomerized over the same catalyst as the feed in Example A at
the same total pressure, LHSV, and H; rate, but an isomerization catalyst reactor temperature
of 622°F. Hydrofinishing was the same as in Example A. Product yields and properties are

given in Table 8.

14



668/ 719 50 755 70/ 90 788/839 95/ EP 888/ 1007

[60] This feed was

| soneri zed over the sane catalyst as the feed in Exanple A at the sane
but an isoneri zati onPCattskeigt2rienct or

t ot al

Waxy Light Neutral Base G|

pr esoune/128438V, and H2 rate,
tenperature of 619F. Hydrofinishing was the sane as in Exanple A Product
yiel ds and properties are given in Table 11.
Plus 25 w.
Pyrolysis at 619F, 1.0 h-1 LHSV, 1935pR¥ 0,

Tabl e 11 | sonerizati on of
% 650- 950F Wax from Pl asti c
and 5. 70 MSCF/ bbl

H2 Conversi on

< 700F (wt. 9% 12.61

Cl - C20.22 C3 0.83 )
Isomerization of Waxy Light Neutral Base Oil

Plus 50 wt. % 650°F+ Wax from Plastic Pyrolysis
at 622°F, 1.0 h" LHSV, 1935 psig, and 5.70 MSCE/bbl H,

Conversion < 700°F (wt. %) 15.37
Yields (wt. %)

Ci-C 0.19

Cs 0.70

Cy 1.80

Cs— 180°F 3.56
130 — 700°F 23.67
700°F+ 70.58

Pour point (°C) -20
Cloud point (°C) +16
Viscosity, 40°C (cSt) 21.01
Viscosity, 100°C (cSt) 4.530
VI 137

[057] Note that while the VI is high, the cloud point (+16°C) is high as well.
Example 4

[058]

The 650°F+ wax from pyrolysis of polyethylene was distilled at 950°F to

remove the high boiling tail (about 15 wt% of the wax) which was believed to be responsible

for the high cloud point in the product oil. This gave a wax with the simulated distillation

shown in Table 9.

Table 9
650-950°F Wax from Plastic Pyrolysis
Simulated Distillation, (°F, LV%)
IBP/5 644/669
10/30 689/755
50 821
70/90 888/971
9S/EP 1002/1074

15



C4 2.00 C5 - 180F 3.32 180 - 700F 24.94 700F+ 69.16 Pour point (C -19

Cl oud point (C) -2 Viscosity, 40C (cSt) 19.18 Viscosity, 100C (cSt) 4.117
VI 116 WO02012/12888¢ Note that renoving the 950F+ cut fr@girtuseonamxiiied to a
| ower cloud point than for the simlar 115 VI oil of Exanple 1. Exanple 5
[62] 35 wt. % of the 650-950F wax from Exanple 4 was blended into the feed
of Exanple A, with the resulting feed having the inspections shown in Table

12. [059] 25 wt. % of this wax was blended into the feed of Example A, with the

resulting feed having the inspections shown in Table 10.

Table 10

Blend of Waxy Light Neutral Base Oil and 25 wt. % 650-950°F
Wax from Plastic Pyrolysis

Gravity (°API ) 348
Simulated Distillation, (°F, LV%)
IBP/5 603/645
10/30 668/719
50 755
70/90 788/839
95/EP 888/1007

[060] This feed was isomerized over the same catalyst as the feed in Example A at
the same total pressure, LHSV, and H; rate, but an isomerization catalyst reactor temperature
of 619°F. Hydrofinishing was the same as in Example A. Product yields and properties are
given in Table 11.

16



Tabl e 12 Bl end of Waxy Light Neutral Base G| and 35 w. % 650-950F Wax
fromPlastic Pyrolysis Gavity (APl ) 35.3 Sinulated Distillation, (F, LV%
| BP/ 5 601W63281210880 674/ 726 50 764 70/ 90 800/ 880 95/ EP ®86/uB2@14/021171

[063] This feed was isonerized over the sane catal yst as the feed in
Exanple A at the sane total pressure, LHSV, and H2 rate, but an

| soneri zation catal yst reactor tenperature of 670F and 678F. Hydrofini shing
was the sane as in Exanple A. Produgtpyhel ds and properties are given in

Tabl e 13. Table 13 Isonerization of Waxy Light Neutral Base QO
Isomerization of Waxy Light Neutral Base Oil

Plus 25 wt. % 650-950°F Wax from Plastic Pyrolysis
at 619°F, 1.0 h"' LHSV, 1935 psig, and 5.70 MSCE/bbl H,

Conversion < 700°F (wt. %) 12.61
Ci-C 0.22

Cs 0.83

Cy 2.00

Cs— 180°F 3.32
180 — 700°F 24.94
700°F+ 69.16

Pour point (°C) -19

Cloud point (°C) 2

Viscosity, 40°C (cSt) 19.18
Viscosity, 100°C (cSt) 4117

VI 116

[061] Note that removing the 950°F+ cut from the wax led to a lower cloud point
than for the similar 115 VI oil of Example 1.

Example 5
[062] 35 wt. % ofthe 650-950°F wax from Example 4 was blended into the feed of

Example A, with the resulting feed having the inspections shown in Table 12.

17



Plus 35 wt. % 650-950F Wax from Plastic Pyrolysis at 1.0 hl LHSV, 1935
psig, and 5.70 MSCF/ bbl H2 Tenperature (F) 670 678 Conversion < 700F (wt.
% 24.18 W6.28R/12883C1 - C2 0.42 0.48 C3 1.66 2.08 C4 2. 8PC#/UR201CH2+17180F
5.92

Table 12

Blend of Waxy Light Neutral Base Oil and 35 wt. % 650-950°F
Wax from Plastic Pyrolysis

Gravity (°API ) 353
Simulated Distillation, (°F, LV%)
IBP/5 601/653
10/30 674/726
50 764
70/90 800/880
95/EP 936/1014

[063] This feed was isomerized over the same catalyst as the feed in Example A at
the same total pressure, LHSV, and H; rate, but an isomerization catalyst reactor temperature
of 670°F and 678°F. Hydrofinishing was the same as in Example A. Product yields and
properties are given in Table 13.

Table 13

Isomerization of Waxy Light Neutral Base Oil
Plus 35 wt. % 650-950°F Wax from Plastic Pyrolysis
at 1.0 k! LHSV, 1935 psig, and 5.70 MSCF/bbl H,

Temperature (°F) 670 678
Conversion < 700°F (wt. %) 24,18 28.36
Ci-C 0.42 0.48
Cs 1.66 2.08
Cy 2.87 4.72
Cs— 180°F 5.92 6.90
130 — 700°F 27.77 27.92
700°F+ 61.96 58.59
Pour point (°C) -12 25
Cloud point (°C) +8 3
Viscosity, 40°C (cSt) 21.59 22.02
Viscosity, 100°C (cSt) 4.600 4.558
VI 132 123

18



6.90 180 - 700F 27.77 27.92 700F+ 61.96 58.59 Pour point (C -12 -25 d oud
point (C) +8 -3 Viscosity, 40C (cSt) 21.59 22.02 Viscosity, 100C (cSt)
4.600 4. 580 2v12/128834123 PCT/US2012/021171

[064] For the purposes of this specification and appended claims, unless otherwise
indicated, all numbers expressing quantities, percentages or proportions, and other numerical
values used in the specification and claims, are to be understood as being modified in all
instances by the term "about." Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the following specification and attached claims are approximations
that can vary depending upon the desired properties sought to be obtained by the present
invention. It is noted that, as used in this specification and the appended claims, the singular
forms "a," "an," and "the," include plural references unless expressly and unequivocally
limited to one reference. As used herein, the term "include" and its grammatical variants are
intended to be non-limiting, such that recitation of items in a list is not to the exclusion of
other like items that can be substituted or added to the listed items.

[065] This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to make and use the invention. The
patentable scope is defined by the claims, and can include other examples that occur to those
skilled in the art. Such other examples are intended to be within the scope of the claims if
they have structural elements that do not differ from the literal language of the claims, or if
they include equivalent structural elements with insubstantial differences from the literal
languages of the claims. To an extent not inconsistent herewith, all citations referred to herein

are hereby incorporated by reference.
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[ 64] For the purposes of this specification and appended clains, unless
ot herwi se indicated, all nunbers expressing quantities, percentages or
proporti oNe20mxudsssther nunerical val ues used in the speecTitsaiizoniand
clainms, are to be understood as being nodified in all instances by the term
"about." Accordingly, unless indicated to the contrary, the nunerical
paraneters set forth in the follow ng specification and attached clains are
appr oxi magj Angst hat can vary dependi ng upon the desired properties sought
to be obtained by the present invention. It is noted that, as used in this
speci fi cdt i onAdHeresHier mplianabibriestuiibase Gillevise agiscenty inslensl atdeast FQn » and
"the, " i nehdA&nPhEL@R)s §ref erences unl ess expressly and unequivocally limted
to one reference. As used herein, the term"include" and its grammti cal
variants are Bhtenthatbiniog bwaxokght petitra] brge oib giedp Wiraderivedirompy iy zote 4 t ens i n
alist is not tot .on: Of ' ' .hat can be substituted
or added to the |i ?Sélgg(%g?r(};@}m%gp%wﬁg%é %Ofslﬁﬁﬁglﬁ?(%’en description uses
exanpl es to dbscl ogalrditvencripatentdewaxing the bledi:rgdt he best node, and also to
enabl e any pepson skilLedyl g, Ak ARk, aRd.ss. e Tnvention. The
pat ent abl e scope is def'ined 1by the 8% ns, and can include other exanples
t hat occur to thoskydsksdnlegidation deWweximg ¢tep. Such ot her exanpl es are intended to
be within the scope of the clains if they have structural elenents that do
not differ fromthe literal |anguage of the clainms, or if they include
equi val et st Thepraeat otdlgnen tdersintthe plasich fdedodmaiscdatfidaer ®nees from t he
literal la es of the clains. To an extent not inconsistent herew th,
al | citatplog'%‘i‘%gg?'erred to herein are hereby incorporated by reference.
CLAI M5 1. A process for making a lubricating base oil having a viscosity
i ndex of at |east 110, canprising the steps of: a) conbining a waxy |ight
neutral Base ONfPRAGS af Gl e F%}d{l? P%mtbg}%u@%l%dérom e BIoHR f eed
conpri si REndd@ihy 6 MYdeNBy iR 1dner iigdh Rl1edichicnR) andyslk @ics @RIk zat i on dewaxi ng t he
bl end; and c) recovering the |ubricating base oil froman effluent fromthe
hydr oi someri zati on dewaxi ng step. 2.The process of claim1l, wherein the
plastics 4 eed rhopBEdsS 6Fc1AM 1, SAskinARe WiyeHoIORIY Lidh e hdgblg Process of
claim1, wherein the polyethylene is selected fromthe group consisting of
wast e pologesisiypi ehligh-densyy nolpghyletchlpwedrasityaprrdy atiykangraad mikigrce dferedf. The process
of claim1, wherein the polyethylene is selected fromthe group consisting
of high-density pol yethylene, |owdensity polyethylene, and m xtures
t her eof 5. TheThe¢ poess obflaigl lamirertin ledsdhaai 10 wieBof thearax@rived, fré of t he wax
derived from pyr.olVzi i 0 {| s above 1000F (538C). 6. The
process 3?'%(1%221?/%pf%/S%l\%ﬁ%?cg?cﬁfsIggésvgcltﬁﬂgﬁ%%83@.' % of the wax derived from
pyrolyzing a plastics feed boils above 1000F (538C). 7.The process of claim
. . 5 .
L wher el 1 g 0L ey SPIRE! £¥RoRh h&aRh A% Wor i Sl b Rin FhlyEE 1T om
a plastics feed boils above 1000°F (538°C).

7. The process of claim 1, wherein the blend comprises at least 20 wt. % of the wax

derived from pyrolyzing a plastics feed.

8. The process of claim 1, wherein the blend comprises at least 50 wt. % of the wax

derived from pyrolyzing a plastics feed.

9. The process of claim 1, wherein the hydroisomerization dewaxing is performed using

a shape selective intermediate pore size molecular sieve.
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8. The process of claim1l1l, wherein the blend conprises at |least 50 wt. % of
the wax derived frompyrolyzing a plastics feed. 9. The process of claim1,
wher ei n tWe 2h1diegssgoneri zat i on dewaxi ng i s perfornmed usiPag/Us26hapE71

sel ective internedi ate pore size nolecular sieve. WO

2012/ 128834PCT/ US2012/ 021171 10. The process of claim9, wherein the

nol ecul ar sieve is selected fromthe group consisting of SAPO-11, SAPO- 31,

SAPO- 41, 1§M 3TheModess 6RMiA), whsMndBe m@féMl%Esva%Mel%&ed oM grompZ- 32,
SSZ-32X, nmetal nodified SSZ-32X, offretite, ferrierite, and conbi nati ons

thereof comsistupel prRRddsSAROBI ARAALWEBePH-T. KEM-ebZS¥aEh #gMrase oil is a
Goup Il ZBM%&%%%@S‘?'S!SZ 321§SZ-§BX Bét‘aﬁ‘ﬁ%lﬁ&f S§i @2}@&&&%%&%&&4&@

| ubricating base oil’is a Goup [l base oil 13.  The 'process of claim1,
wher ei n tchebingtions dherdofig base o | has a vi scosi ty index of at |east 130.

14. The process of claim1, wherein the lubricating base oil has a pour
point of less than -10C 15. The process of claim1, wherein the

| ubri catilhg babeprofdss hbadaim IcwWherdingbé hibrigafting bass otl GG 11 plus base oil.

12. The process of claim 1, wherein the lubricating base oil is a Group 1T base oil.

13. The process of claim 1, wherein the lubricating base oil has a viscosity index of at
least 130.

14. The process of claim 1, wherein the lubricating base oil has a pour point of less than
-10°C.

15. The process of claim 1, wherein the lubricating base oil has a cloud point of less than

0°C.

21



