- | - ALKYLAROVATI C LUBRI CANT FLUI DS FI ELD [ 0001] The present disclosure

rel ates to novel al kylaromatic conpositions useful as |ubricant basestocks
and addi t\i\%%osn'y%ﬁ particularly, the conpositions of t@%TR{Sﬁ(ﬁﬁBB <18

di scl osure"are quat ernary-substituted al kyl aromati c conpositions P&t have
i nproved thernmo- and oxidative stability prepared by alkylating aromatics
with vinylidene-containing olefins. The present disclosure also relates to
processes for producing al kyl aromati c conpositions that enploy acidic

al kyl ati on catal ysts. EﬁmML‘%kﬁmwﬁ g*ft'gmmwbﬁ ance capabl e
of reducing friction, il mbetween solid
surfaces. Efforts to i nprove upon the performance of mneral oil based

| ubri cants have been the focus of inportant research and devel opnent
activiti esFIlELDhe petrochenical industry for over 50 years. Maintenance of

frictionr | ng.properties, extended useful life in ter of thernal and
oxt dat | ve ODHE) 1 7 o Rt Biss e e fapoxsbesyBedBhls mbssitsRe pour
poi nt equ r r i ilL.a eqar

research g‘#lsgtflgeé\%elflgg%ﬁtbéasg?%ﬁ |£|[gds gh%@elvle%céﬁ?@j{?}ﬁéﬁggg’ te]%f%?lt%% aélgs | ed
to the i ntgfogleChreoentodisélobuiedre Qlatenaiystibstithted Sikylaremadicn@mpositions

pol yal pha-ol efin (PAO synthetics primarily made by oligonerization of

al pha- ol efthat have limptosieds thegmuo-hend coxidativie dtabidity epnepartedt byanalkydating be

materials useful as |upricants, heat tra agents, an corri)si 0

i nhi bi ti orATAMANGS &imlqﬁ@gnwﬁz@mpmgr@féﬁggf Thedye elesuse @ sriglates
saturated (g SGRLRCTSy At 0%;@15:%?3?t9c0|c%rmné<¥kztg?ﬁngg AL efihloy SR

conposi tions can contarn noreties | arorma

i nprove t hgksRtivaaralaad. di spersancy of PAO type fluids, a polar

co- basestock’ is added”to the conmposition to help dissolve polar additives
of the conposition and sludge during usage. A polar co-basestock such as
ester or alkylaromatics is wused in anmounts of about 3 to about 50 wei ght
percent of BAKKEGROUNBK conposition. The pol ar co-basest ock coul d

i d i i de.eff h h | vitic.d il i f

oot or cor t0BET oo A i i5p B RuRe Kanfe ik dbsing Trilidhy Reataind waafoq
| i . f . . : _

i nohed: Synes SRECAYER ds a N batweEh COIRY AlFRices, JATORS B WA ol B

enhance t hsdrforpianperéfi atinéral o$ipbasdd Iubaizahtschiveobsen Mdglifbcusest importane

commonl y used can include oxidation inhibitors, dispersants, detergents,
rust inhi ieseareh amdt doweleprgnhastivisies riantheppattenhemiggleindustrjelos| over 50
passi vators, pour .poi nt depressants, Vviscosity index ) Lnprovers, and
the 11 ke. Mhaifienahedif FiFae ttueltd Bvicem et e R TE {8 6 o
conmponent : | e ' -he £ 1.4 Q@&g di ng
to the cosn%ﬁ%lgﬁlill ol?dgﬁ %}dréﬁ:vgﬁm%llgﬂﬁﬂwyaﬁa?%%ﬁlgﬁ’l lféﬁ#ﬁge{i)ren Eﬁgk%(\i/eéérj

hi gher oi lardepb@r paine @qabbtwlar Getted eiamt dndtil bileare e i fidhge CREM Rhictey Of

newer equi pnent and engines. There is a continui 2131 need to inprove the
suite of peogarchiand dsvelapmentaictivisiesdmveaiccurredr diliede effppisdaye lpétd tharance
of the for.mul gted prqoducts.in | areas . required.inclyding the d

oxi dat i vo 1Biragnreed ol anmpeR i vathi AL isdiing pelvelbleclchRdRat,
many year . XBHBJ . tent 401 8 I ( )Gl oses
the all pyfsal I or'%lcgf ar c?ﬁg ?@aggrr%(’)u%%r?%léﬁ?mbggzgﬁé?q%l%ﬁuse?é, _ica(lijikrr%%lg) by
al kyl ati nSyafiRetié fledPis aakahithat can @ebatibe hadtérdals)uskail 4 Ribivane, degmat i C
nonoal kyl s ‘whose grafted aliphatic chain conprises a carbon nunber that is
sel ect ed ftransf@ agenky) andrdeorosiorfhibitiontamong 6the2 isesi 5P Al synthetialfluids

di scl oses a procgess for produci]% at | east one conpound, se|lected fro -,

3-, 4-, 5-COmMPPRUPRLAR AWaHhygrospbansandthye e Iess polarghan miggeal adhe
olefin co LRI ] Q MR.ec . esgnce of
2 cat al yarBestuptigR il A 8RB e HoRBL ik fdin el 1Y

| east par tih&gbVe ithe 5bFveA6Y Antl AisPdsshc3t of PAD tHREAINRIS! bXpoldScEBhSdttodio-
5,254,274 ( et al.) discloses alkylating aronatic conmpounds with

Czo- ¢c1300 isladidedito thé icpmpmsstiars tmbelndssolviepalat agditivesof che @bpygiositon
produce al kyl ated aromatic products, usually al kylaromati ¢ hydrocarbons.
Addi t i onaland dudee durng dsage.- kN pelangeibasestpek sudioas esier %@ﬁylmwtl&m s can
be found in L.R Rudnick and R L. Shubkin's Synthetic Lubricants and

Hi gh- Perf ormance Functi.onal Fluids, Mrcel Dekker, Inc., NY (1999). [0004]
PACs can be produced by reacting an olefin feed in the presence of a

catal yst such as Al Cl13, BF3, or pronoted BF3. Processes for the production
of PAGCs are disclosed, for exanple, in the follow ng patents: U S, Pat.
Nos. 3, 149,178; 3,382,291; 3,742,082; 3,769, 363; 3,780,128; 4,172,855; and
4,956, 122. Novel PAO | ubricant conpositions in which little double bond

o -, = - r _ r r o M Y e




[ 0006] Novel conpositions of |ow viscosity PAGs can al so be prepared from
net al | ocene catal ysts as taught in U S. Patents 5, 688,887 and 6, 043, 401 and

PCT Pat eng,oBY H544ion No. W2007011973 Al . Separation QET}l{%?odsz?ésﬁ@l ecul ar
wei ght materi al’, representing non-|lube range nol ecul ar weig nmatertal, is

necessitated to control product volatilhty and viscosity. As
ol i goneri zation conditions are changed to produce the |ower viscosity
products of |ower average nol ecul ar wei ght, the non-lube range dinmer or

li ght end \je@Cld Qndulfts 665 @out! e th BB GRS So! G«eggmege&xnprd}dmet bAs &k
represents a substantial econom c burden on the overall process to produce
usef ul | oveympositios. t'Vhd poldarcembasastddke couldcantodulc®Gthlesirabler sidagiffects her e
is a need for inproved processes for the manufacture of the alkylaromatic
flui d conpasht 2ohydeglytie| instabilitykifi am mstari eo-basgstockoip assed i ynpoerestlonay e

[ d th | d | dat i tability. Th i.s al d .f |
br bcosses ERRAIG pronsiny. foBaeT Eleaicss MEORTHIES | 1bASRRa) AddarRghe
pr oduice naeha XGRS WP iSABhed byhiEc THOOIRY: oLOORE Themla i

di sclosure relates to an I"ar oma npPoSi 1 0oNs conprising an aromatic

noi ety ot heldifiiéntowithHabsé ithielf pEopErbs Ferl speeifi lpsatidhky IAdaitieey thae i1y a
carbon atom nunber in the range between 12 to , Wherein said al kyl noiety

i s attachewnumonhyi aised mant includs exidagionhinthibitorss dispessans detepgents, tiust
benzylic c .quaternary. [0009] The present disc|osure also includes

a B)ons are L
a process lf’é {05 B?té%ﬁ?ratag%tsofex R PYESEH PRtSc JAPBL RIS AIS-s PAYE

contactin ' n =0 ' ' a
carbon at draihAeSs e ViRkoRIO TRCE (T BTRABYGR, ind P fIRe DIrEls Tolifla0

aci di ¢ al kighidh iafé c6mipdbitivins Wosiristhg vl MithBér SOEGhpbRdifs, theahest Fdlunfast 50
nol % of the nono-olefin structure conprises a vinylidenyl structure and

t her eby praoponept dbeing tHekflhal basmstocke oAddingrtohthei complexity asit fozmutatitg of
benzylic carhons that .are quaternary,. WO 2008/ 127534PCT/ US2008/ 003518

[ 0010] The 1{5[’@5@%&% eﬁg ds thatrend te §vei bighee o1lapgforamances gandasds digtatedty on of
t he by-pr ct_fromthe al.l ocene process to produce a nov synt hetic

[ ubri oant TPEuinsrRa NoBisRlY n By fe P GhlubRnf oPOC RBefied” o LOfHel e u
al kyl ar omedgnginbilny He€@MBORhpIRARStHeShitd Bfeplopeitidl of e FrhidabhseBtotkaf | ity-

provide improved performance of the formulated products in all areas required

including thermal and oxidative stability.

[0003]  Alkylaromatic compounds have been known for many years. For
example, US Patent No. 6,491,809 (Briot et al.) discloses the alkylation of
aromatic compounds (e.g., benzene, toluene, cumene) by alkylating agents (e.g.,
olefins, alcohol, halides) for producing aromatic monoalkyls whose grafted
aliphatic chain comprises a carbon number that is selected from 2 to 20 carbons.
US Patent No. 6,429,345 (Joly et al.) discloses a process for producing at least
one compound selected from 2-, 3-, 4-, 5- and 6-phenylalkanes by alkylating
benzene using at least one olefin containing at least 9 carbon atoms per
molecule, in the presence of a catalyst comprising at least one zeolite with
structure type EUO, at least partially in its acid form and at least one matrix. US
Patent No. 5,254,274 (Ho et al.) discloses alkylating aromatic compounds with

C10-Ci300 olefinic. oligomers using an acidic alkylation catalyst to produce



[0012] I n addition, the present disclosure provides useful |ubricant
additives fromaromatics al kyl ation by using vinylidene containing | ow

nol ecul ar i lefins as the al kyl ating agent. [0013 her
features vgﬁgb%tzzél?’éut es of the disclosed al kylaromatic %?r%ﬁ%g?otg{ag:‘r?g
suitable as liquid lubricant conpositiogs or additives and processes for
the preparation of the al kylaromatic conpositions of the present disclosure
and their advantageous applications and/or uses will be apparent fromthe
det ai | ed dgRGRatdd afdmiié Grol@éisOWSualkF bk ERrﬁ)ﬁﬁaﬂh/?}ééa}bo 014 4ditonal
nunerical values wthin fﬂge det ai | ed%esc}tli ption and the clains herein are
modi fi ed bdis¢ussinms"ofalkyappraticsrahd oshiertsyathondi lubtieantsalanehe foundtiakle. R nt o
account eﬁeri nental error and variations that would be expected by a

per son haviRwdniek dandr R.kki $hubkin'shdyathetic| Lubnicantserangl JdighePerformanca new
synt heti c hasesto j i gni.fi,gant i | ubricatin roperties can
bg pr oche@“Wq"@z?{ﬁfié’h%(%%Q@@@(% i’%ﬁiﬁﬁpgghe?colnt ai Ini ggpol gfi nls. Thi s

new base stock nay be produced in such a manner such that a significant
anount of the alkylated aromatic is quaternary substituted allcyl aromatic.

ol efi ns deoovgy i PADSCEN f&gﬂﬁﬂﬁc&i by réacinhan otefitl fevdoimntheiresdrtyl dfene
may al so be advant ageous. [0016] Al so suitable for use in the processes

di scl osed datalgsinsunheay &lChe BF £ @zduonuited BF;ef Ptagesses. foOith¢ ipnedwatianadf e f or
t he prepar di,mers or m xtur diners, trine

ion of th es o and t i ke
cont ai n fr}%péb%‘iﬂ digclosedg ea%ﬂmle,sutﬁﬁ%sﬁlow%waé%?: 1-@%{ 3’@&, N

1- hexene, t,epe, ne, ce et e, ,o exadecene
or branche%lg?’el??h_s%ﬁééﬁf%ls’ 43’%?’?;3?’ 1-lfj’r€;7e6 t’zé §e? éﬁgﬁ;}?gr eg" He 5e§01?f .ﬂ%ﬁe
nono- ol ef if1956,122Vi N(L\*éiePAr(])MlhB(ié’arﬁaé&ﬂBoﬁii@Hk ﬁﬂ”ﬁfﬁﬁcﬂ EI&Fl_et d&ibl8 by may

be a mxture of olefins with a significant anount of vinylidenes or
tri substi tisomériaatién ns fodahaasiregyltealt in ddferehO clavsds of highavidcesisy ibdexrol %

or at least 60 ol % or at |east 65 npl % of the nono-olefin structure
conpri ses BAG @Mlo%?@)- sin pneyelass [qfolﬁﬁI-PrA@, diednesd chempunrcatalyst be
benzene, naphthal epne, fupan hi ophene t hr e enant hr en pyr.ol e,
"ndol o baRBaEH wflcin atigus b ARARRER. “Sholl BARE ard SGRAAL R PSP YAr
phenoxat hinggs, 489207857 £897 084 AIB,03 0. 626008 4hdh X143 t hereof , each of
whi ch can be optionally substituted.”  [0018] I'n’ further preferred

enbodi nents, the aromatic conmpound may be toluene, o-, or p-xylene,

hydr oxyl benzene, al koxybenzene such as net hoxy or ethoxybenzene,

t hi oani sol[8008] ph&egretlyiepateatsprdasgriret HaeP Af)s pnsmposifionyi pisparesl by
L, R LU S AR PR § s
I ot N S R R IR R g SR
Process angnif@ughd:t The novel compositions conform to the unique specificity of the
HVI-PAO oligomerization reaction in that little double bond isomerization
occurs. Such HVI-PAOs are described in PCT Patent Publication Nos.

WO02007011462 A1l and WO2007011832 Al.

[0006] Novel compositions of low viscosity PAOs can also be prepared from
metallocene catalysts as taught in U.S. Patents 5,688,887 and 6,043,401 and
PCT Patent Publication No. WO02007011973 Al. Separation of the low
molecular weight material, representing non-lube range molecular weight

material, is necessitated to control product volatility and viscosity. As



[ 0019] The general process according to the present disclosure is as
foll ows: Reaction AReaction B diner, Catalysttriner, tetraner, etc. Cl2 -

40 Ar O”B\be(\zﬁos'/ailzg{sxl aronatics C40+Lubri cant Basest 38%/65900%}3835% esent

di scl osure, "aromat ¢ hydrocarbons, including substituted aronatic
hydrocarbons, are alkylated with ol efing_containing a significant anmunt of
vi nyl i dene substitution (generally, at least 50 nol %, or at |east 55 nol %
or at least 60 npl% or at |east 65 nol % of the nono-olefin structure

nel udes v ydrhetenftion IARGACAS A BRATER {oroaaBe kD foBN R CBLIPBRRIRRIe

during the tall ocene-low viscosity al pha olefin polynerizationh process

(reaction gf lowee astrigenmoalearai rwéight, athec batlube raage dinsrgor flighanéndnount
of vinylidene isomers. O her processes to_nake vinylidene containing
ol ef i ns arf@actiagy ingreasefed vihehiipcnense sivodémer byrprodust eyicldi represamte. a The

catal yot o Sberniiel ZBadPis mEdn D FEEVeEL Broress o Rty MAPb i he
ubst i ¢ ut 1 e RBREECRE RS The' Gompos, ti ons exhi bi t excel | ent
addi tive solubilizing properties.
[0007] Accordingly, there is a need for improved processes for the
manufacture of the alkylaromatic fluid compositions as well as alkylaromatic
fluid compositions that have improved thermal and oxidative stability. There is
also a need for novel processes to utilize the by-products from the metallocene

process to produce novel synthetic lubricant fluids.

SUMMARY

[0008] The present disclosure relates to an alkylaromatic compositions
comprising an aromatic moiety other than unsubstituted naphthalene; and an
alkyl moiety having a carbon atom number in the range between 12 to 40,
wherein said alkyl moiety is attached to said aromatic moiety such that at least

25 mol% of the benzylic carbons are quaternary.

[0009] The present disclosure also includes a process for the preparation
of an alkylaromatic compound comprising: contacting at least one an aromatic
compound and a mono-olefin having a carbon atom number in the range
between 12 to 40 in the presence of an acidic alkylation catalyst under alkylation
conditions, wherein at least 50 mol% of the mono-olefin structure comprises a
vinylidenyl structure and thereby producing said alkylaromatic compound

having at least 25 mol% of benzylic carbons that are quaternary.



O efin [0020] For the purpose of preparing al kylaromatic conpositions
suitable as liquid |ubricant conpositions or additive of the present

di scl osungg g Ns4sqRl |y and oxidatively stable conposi t%@'i‘/{fﬁs‘i‘tibs}ﬁ%s??t ai ned
with an al f<)yl aromatic conposition with a significant anount of quaternary
benzylic carbon atons and total side chai.n carbon content between 12 and 40
carbon atons. For exanple, selected conpositions can be prepared by a high
activity zeolite catalyst, a one or two ring aronmatic substrate, and a
vinyli dengol1ef i N THegbreséntdiflofire ik T%Jdv@aest&ﬁrd&sﬁfdrqaem@ﬂ&aﬁahﬂwe

al pha-ol efin pol ynerization process. e netal 1 ocene-catal yzed PAO process
consi sts dfy-predusit ifgmmehe ma¢tabocerfe prokeke e praduceannavt! syinthetec hbredahbcene
type catalyst. A characteristic of the oligonerization reaction from which
t hese vi ny Widene ol efin by- products are produced is the production of

m xtures of diallcyl vinylidenic and 1,2 dialkyl or trialkyl nono-olefin
oligoners as determ ned by infrared and NVR anal ysis. The processes of the

present digplepur A d@dinkly, Nt Hrédtink| §RBlosRFCRREVIARE et hYIENIaRRRA G
di nmeri zed I?-@é?iene,é%? a?p}}ﬁa-ol fri nnhavi ngsa v?ﬁyl I denyle structure as

fol | ows: GHd@dnhRositiensthiat havel tHeznmal andlokydatyestatsility her ol efinic
conpositions having 12 to 40 carbon atons may be used in the processes of

the present disclosure, including olefin oligomers fromthe acid or

net al | oce al yzed, ,ol i goneri zati o f al kenes, i ncl uding,. for e | e,

o opyl ene DASZhr HAcAaHBLOn 1B aréh dsdusteriaosiss afvclil fiBricar addifives

vinyl | denep AN Al AIEIITGA W ullhgRGhyRICH odHiinthe S0 AICARE Weigh: NeT
processes that formolefinic precurSors”enriched invinylidenes can-al so be

used. The glefiat hgme)ilk?lam@ deptins wWith Ziegler catalysts, such as
triisobutyl alum num formvinylidene-containing dinmers (see CA Patent No.
1,034,967). A process to dinerize alpha olefins with cycl opent adi enyl '

an'© :r’i”%?‘rk“yu%iojff o s aed s oatires and gttt F 4 4Be1opBs AURRIGTOMIG
n trial kfP04Plm AiPE gLl ! e
ncor por at SRRTUPH RyHHIP RS KRR NS, FoinRaltinnl oP atads 3l rtofited

fol I ow ng forlRé ipreparafion ajft the HkyiaesAatid bonfpbsitadis Bt Breabhy Hisglaurs and
R4 is a hydrogen or an al kyl group, having a total of 12 to 40 carbon atons

may be useahd dheibt alvantdgephat applevations i arsl/on tusesjuaitlbrbeamppanebstfromt ithon:
Cenerally, at, least 50 nmol %, or. at least 55 nol% or at |east 60 nol % or
at | east G?tﬁ%?‘f/gewlpﬁlﬁ’@ Wé—fGFIQWSn structure conprises a vinylidenyl

structure for the inventive processes disclosed herein.

DETAILED DESCRIPTION

[0014]  All numerical values within the detailed description and the claims

herein are modified by “about” or “approximately” the indicated value, and take
into account experimental error and variations that would be expected by a
person having ordinary skill in the art. It has been discovered that a new
synthetic basestock with significantly improved lubricating properties can be
produced by reacting aromatics with vinylidene-containing olefins. This new
base stock may be produced in such a manner such that a significant amount of

the alkylated aromatic is quaternary substituted alkylaromatic.

[0015] In some embodiments, the mono-olefin may be derived from the non-

lubricant of metallocene-catalyzed alpha olefin polymerization process. Mono-



Al'leviation [0022]Acidic catalysts capable of affecting allcylation of
aromatics with olefins include acidic halides (Lew s acids), protonic acids
(Bronste i ation exchange resins, Friedel Craft and
solid acﬁggczlb%zﬁ)zascfigng zeolites. [0023] Thus, while nurrer%ﬁgﬁ}g%%oé@ﬁ%m
catalytically promote the allcylation qf_aromatics with olefins, the
present disclosure exhibits that for the purpose of preparing al kylaromatic
conpositions that are useful as liquid lubricant conpositions and

addi tives, olBfig8 d@ﬁ_ﬁzéd il Ytied PhdrirRes Whth P&ighifi @k hitfounhOf vinyTidenBnayxenp! ary

high activity zeolites wth surface acidity useful for preéparing

al kyl ar omedlse be adpastageouwss that are useful as liquid |ubricant conpositions

and additives include, but are not limted to, MCM 22, MCM 36, MCM 49,

MCM 56, 1 TQ 1, I1TQ 3 and any conbination thereof. U S. Patents No.

4,954, 325; 5,229, 341; 5,236,575; 5,362,697;: 6,077,498, and 6,500, 404;

her ei n inc@.&ﬁ at SB;U#%%#@&B%@ itheriopeises pﬁ@fgﬁ,eg?@g%@m Bedi scl ose

MCMVR 2, 4 T . it xenpl ary
e%gstopf%/fér gﬁﬂd\&%} %l%qngguétg})ieaﬁr%he hp i P8F {Herﬂﬂﬂe?? PF)

Lew s acids 1nclu al'um num chl ori um num'brom de, 1ron

chloride, mixteresldfdinfies, thaice® ahd ithd URE icOftadi Groph ABOSE 3 NODO IckrBdnisNguch
exenpl ary Bronsted acids include sulfuric acid, nitric acid, hydrochloric
aci d, hydrasf 1-poopylene;i ldbuishes pihexene,depdteandl debens . 1-dod@she Al-omat i ¢
conpounds whi resenf disclosure include substituted

and unsubsEiadsesacopRd 4 S%%akc”qr{e?é ABRRG] Qlelms Sugh 2 ey BiHiene
pavant ageos ity ASHBIATTHE HIBAELYeAD i WiSANene WAT AR S8 numbd -

benzene, toluene,"xylrenes, "€ benzene an t hal'ene.” SuUi e aromatic
conpounds Je§CIHAAS0 St nAfSdWinikiure bESIdfths With %l JighifRAnPAMBAALES! i t Ut ed
benzene, substituted or Unsubstituted naphthal ene; substituted or

unsubst i t wwiaglienesror teisbbstitutedenlefins.Gendrally  attleaktt30i mplPéner a ldest SHut ed or
unsubstituted anthracene, substituted or unsubstituted phepanthrene,

subst i t ut 805, onatleasti@lmel’ay oF at least@dmalet efithsrmonewletin stiners ndol e,
substituted or_.unsu bt enzot hi ophene, substituted or unsubstituted
di benzot hi BHEH e,s asﬁ%'&!’#?ﬁfﬂ%&?@%r]substi tut ed benzofuran, substituted or
unsubstituted di benzofuran, substituted or unsubstituted phenoxanthiin,
substituted or unsubstituted thianthrene, substituted or unsubstituted

bi phenyl , [90b3]i t dhechromaticsobsound mdy hertemneend)irmphéradéne) fuking phenol

sul fide, anisqole, thioanisole, diphenyl oxide, diphenyl sulfide,

di phenyl nethienhene ranthrasene: phenaathrapaimygele, idples hanzethiopheneeof . A
substituted, napht halene .is a.parti.cul ar adyant ageaus ,ar omat i ¢ conpound
For the i UBRERINIEB R iraed AN BEngiitar HRRRER e bR ooc

advant agecigRait boreRMBMAGLAEs B NURR HPANTATBASDS bERSHARA pr ocesses

di scl osed rei’n an’ unsubstituted nap ene conpoun 6] In
further adwbstiagedhus enbodi ments, the aromatic conmpound i s benzene,
toluene, o-, m or p-xylene, hydroxybenzene, al koxybenzene such as net hoxy
or et hoxybenzene, thioanisole, diphenylether, diphenylnethane, diphenyl

sul fi de, htbhal ene, t hyl.napht hal ene, net hoxynapht hal ene,
ot hoxynapHERLB bre 11 HutfgH FYEGHT S FrmDaR e, BERyPABS OmACEd mag be
bi sphenol - L.SRh B iﬁi@r ] I, Q%? tic
conmpound Ct?%uegi'g, ngis?(tﬂl %(zr%éég’ u?%g&e@k%%gﬁé%ﬁ?ér}%ups 4%%?@82‘5% kyl ,
hydr oxy, aéth@xybmehe,ahidmﬁmmpne@ﬂbméy,,diPhaxydnﬁul@&ne@&is@Ineﬂ@%A, al kyl thio
such as net hanethio, arylthio such as phenylthio, and aralkyl such as
benzyl . Trhisphdnel sulileadiphenytsulfislecnaphthakene smethylnaphthaleoe,
methoxynaphthalene, ethoxynaphthalene, methylnaphthal sulfide, ethyl
naphthylsulfide, or mixtures thereof. In more preferred embodiments the

aromatic compound may be substituted benzene or substituted naphthalene.



conpound is a nono-substituted benzene, for exanple toluene, or a

di substituted benzene, for exanple para-, neta- or ortho-xylene. [0028] The
anount of charged to a reactor relative to the Lo eria

is 0.1% tvgﬁ%@éﬁzgr%f erably 0.5%to 5% The nole ratio oregﬁis%@ts{boc%npound
e.g., benzene, naphthal ene, 1,2,4-trinethyl benzene to olefin starting
material is typically between 1:3 and 20:1, preferably 1:2 to 10:1, but
dependi ng on the degree of allcylation of the aromatic which is desired,
the ratio may be altered accordi pghdess hR@PPbdsneral |y, when a zeolite
catal ytic process is used, the catalyst 1s charged in a slurry reactor. The
reacti on n@P18k cdihei gahemltprooesa akcicarting éol theopriesentalisclopeeds asfioldwes:ei n t he
catalyst is in pellet or extruded formand packed in a tubul ar reactor
heated to a desirable tenperature. The feed is introduced at a specific

wei ght hourly spa city (WHSV) ranging from about 0.1 to about 20,
preferably fron1ag§ﬂ¥$%85 Hﬁp@b t 5, t “§§ﬂ1%ve a high conversion. An
effective reaction eratife fpr the prepmmaficson of the al kylaromatic
conposi ti opgNs, ng%gganpegzﬁpe mé@ﬁ%?bonrteanraﬁﬁwbﬂaﬁ@3350 C,

advant ageousl y between 75 &.and B50 C. Above 200 C, the catal yst may affect
i sonerization, therefore a nore deantageous tenperature is bel ow 200C

Preferred reaction conditions inglgge a pressume ofubrit@mBaged 1 to about
30 atnospheres, a preferred catal yst charge fromabout 1 wt%to about 5 wt %
in a slurry reactor or a WHSV of about 0.2 to about 4 in a fixed bed

cont i nuousinape preded -disdiSsure arioniitic Epdroe8rbons SincNffing REby#RAd Mdmsgior the
| i qui d phase and can be neat, i.e., free fromintentional adm xture or

di | uti on iytdrocerhens,nateemikyilatedr withe plefans bentaimingha sigmidicanhtaasdunti ofh t he

catal yst cqnposition with the aid of carrier gases or diluents such as ,
for exanpldnyh tiswtion {geasarlly, tdeagt) Xy mol Yonog ahlagst eammelta, et as a

bat ch-typ i dypi.call ig acclose phessurized, stirred
react or vvielf’ %ﬁgﬁé |Iﬁ§%/tb‘” gogsgllblléﬁgﬁ %&s@’sf’gr#’ rmI%HOéOICﬁnlﬁrqcet\g%eniu-‘c&fﬂ?si nuous
or cont i NUAHSIi@EHY) At T eWdn! be ifftiin 3hé nvRAuBE rARY Bﬁéeﬁﬁrm{a@'ey&hi@/ﬂ{eem

[ 0030] Generally, when a Friedel Crafts catalyst is Used to affect The

al kyl at i ormétaBoParietow &ix0sitg@pha elefin, poitdization provese (reBEGon Pr)0 CHRS
conditions may be carrjed out a tenperature between -30 and 350 C

typi cal | y defins ugeshan she plkydetiordaved sigatirand amannt (pfavipylideng isomesscal | y

b 7 d 7000 kPA. i ti b Eri |
Gafts cardiPEPIocaels malior R GEbn CEpAHBE AIRRT abnalse BEGdGV AR e
al kyl aromgpt g %@9?‘&1& Weként%%l@btﬁke?'fﬂ@%ﬁﬁa%?ﬂe AR ta@fstsqéiﬁ: Els"Eolites

e The a e

substituted a | at aromati c. kyl'ation can arried out as a

bat ch- t ypeorrexdede] drafftgpalklakipnesaralgyisngich 45 ACH, orPBBS ai¢ ugédl to shialyRd
reactor with an inert gas bl anketing systemor in a sem -continuous or
cont i nuoushe pleydetion. Thoosulting npeclrappetitians confain a significantaamowtt of
separation that wll . B provide seful liquid alkylaromati c conposifion may
e ut 111 o dmiatienar,sunSiSYisn” af [BEF hPnedistafbdh 2 dRenEompostiarg b

al lcylati -@a? Honi1S: excess of the lighter boiling
hydrocarbgﬁyeggﬁqgsgnp %?ﬁgﬂﬁgégﬁaﬁlgﬁg%d run the al kyl ati on experi nent
until all of the olefin (vinylidene or other Cl12-C40 ol efin) has been
consuned. Then the |iquid conposition can be separated fromthe acidic
zeolite by ordinary neans such as gra@lefjnseparation or filtration and the

unr eact ed tig C be separated fromthe liquid conpqsition, by vacuum
aisti il atilBpe8ha Fetfhe durposs ohergasinzaploframdficcompasiapnesuitale as

cat al yst, ARG ] . -aue i . di I nh obase
sol it on, 1GhE4 1ERHICARROHiGn P oG RE RS pickAl BisfldoHbE Licrailhy} 5%,
and 6, 0712884 oxlativelyolstible osmgusitionl camebel dbthiakd owithaan’ alkytadntitiem ne
nunber conpared to the starting olefin, mld hydrotreating of "residual

ol efi n or compmsitean prthda significant apountinof quatédary benad|crbarboni dtomsramdi de

the allcyl ar i¢ CO sition useful as. a liquid |ubricant or additive.
Conposi t iyéﬂta?g%te chain carbon content between 17 and 40 carLon atoms. For example,

selected compositions can be prepared by a high activity zeolite catalyst, a one



[ 0033] The al kyl aromatic products nmay have the following non-limting
structures: wherein a significant portion of at |east one R group is the

r adi cal d wherein R has fromabout 6 to 40 c to 40
R Pl

car bons, 4 carbons and R2 and 1(3 are al kyl or exanpl e:
The anount of quaternary substituted argmatic was estimted from

assi gnnents determ ned by NVR DEPT experinents. In particular, the alkyl
noi ety attached to the aromatic noiety may be such that at |east 25 nol % of

t he benZY'dﬁWfiB%%oﬁfaﬁc%%ﬁéﬂé%ﬁd a%in§HAENd BRIfirPdhat 828 bySProdRLHiBMm t he

benzylic carbons are quaternary, or such”that at |east 35 % of the
benzyl i c chebongtdleenoaiatainzasd/, abphaoldfin haolyhetieation 4provess of tTike
benzylic carbons are quaternary, or such that at |east 50 nol % of the
benzyl i ¢ daetadleseng-eaiglzedrPADypProsesseensisth &f the oligamerizatian|ofs loalkenes

benzylic carbon re .quat ernar - 14 - O her aromgtic, structures .that may
be o%t ai nédl lfé)lni?d; al''Et nét Wezaﬁ?‘éefqenstyl?f)ulcatar%sgult ncbﬁfﬁftﬁfﬁﬁfyc’f i
substituti : t e t : _ e
2yl grouE ool RaHORCHOm I ficke MRy HAGHE oIofn Shsafiiety off
aronat i cs produtdibisdtherproduption of tmikinerek afedlalkel @iylidenidiandt,2 dialkyl or

mul ti-substituted aromatic conpositions and ol efin-olefin products nay al so
be f or med.trinbeyl pneneralefinfolignmersarse daterming d pyaindthrad cansk aralybiso

present ungder the condition of is rreiization of. the olefin or the grefsence
of nonvi ny 16 PRRCSPEY iolﬁ aREcspRis disclosure result in a significant proportion o

unhydrogenated dimerized 1-alkene, or alpha-olefin having a vinylidenyl
structure as follows:
CH,=CR|R,

where R; and R, are alkyl groups. Other olefinic compositions having 12 to 40
carbon atoms may be used in the processes of the present disclosure, including
olefin oligomers from the acid or metallocene catalyzed oligomerization of
alkenes including, for example, propylene and/or butenes and/or pentenes. The
presence of vinylidene-containing trimers or higher order are also advantageous.
Other processes that form olefinic precursors enriched in vinylidenes can also be
used. The reaction of alpha olefins with Ziegler catalysts, such as triisobutyl
aluminum, form vinylidene-containing dimers (see CA Patent No. 1,034,967).
A process to dimerize alpha olefins with cyclopentadienyl zirconium dichloride
or hafnium metallocene, an aluminoxane with or without an trialkyl aluminum
cocatalyst, resulted in the selective formation of vinylidene-containing dimers

(See US Patents No. 4,658,078 and 5,087,788, incorporated herein by reference).

[0021]  Other mono olefins with the following substitution patterns where R,
R;, and R; are alkyl groups and Ry is a hydrogen or an alkyl group, having a total
of 12 to 40 carbon atoms may be used to obtain alkylated aromatics with
quaternary substitution:

R;R;C=CR3R,



In the presence of a sufficiently strong acid catal yst, ol efins may undergo
skel etal rearrangenent leading to tertiary carbocations (R3C+, where R =

al kyl) a’\gotzﬁ@stmryﬁﬁti ary carbocations will allcylate ar 963}1}5900%}699%% ates to
produce a conposition with a quaternary benzylic carbon adjacent to the
aromatic ring. One of the advantages of gthe present disclosure is that

all cyl aromati ¢ conpositions having quaternary benzylic carbon at
sufficiently high levels (defined as at |east 25 nol % of the benzylic
carbons arGeftall§! Aledst U mAG, dihdtleddt J56AS1%36r APleXst40 hBAVQ VR AY dast
carbons are quaternary, or such that at |east 35 nol % of the benzylic

car bons ar@& qud¥%er afithe, monosalefintshaictat doagwised @ vimly bidedylt dtmicvnezipk itlve
carbons are quaternary, or such that at |east 50 nol % of the benzylic
carbons ari@avenyeprgejsesgliselased Rergin.at | east 70 nol % of the benzylic
carbons are quaternary), such as to Sgow cde inproved thermal and oxidative
stability to the conposition. An ill e exanple of an al kyl aromatic
conposi ti mt r i i i i

ctabi 11y 0022 ¢IGART EAAMLs GEOR, oF MR k31 Hion WL aibfls YO
at | east 2Ziefint %moludehscibenhylides ¢bewinacilsy, proadbeicnadids (Broasted ddidd), at

| east 30 nol % of the benzylic carbons are quaternary, or such that at |east
35 nol % ofcatia gEehangec resinpohsicdel Guadtse catalysts,oand uselid repidsatinclaging 40
nol % of the l?.?nzyl ic carbons are quaternary, or such that at |east 50 nol %
of the ber®P'®-carbons are quaternary, or such that at |least 70 npo) of
the benzylic carbons are quaternary. The greater the thermal and oxidative
stability of the allcylaromatic liquid lubricant conposition the |ower the
requir _emsr{looagg addius] vafild auRfepvbglacidqataBaicallgr pidimets dhexallglation of
stability. [0035] More particularly, alkylaromatic conpositions made from an
aromat i ¢ rayostagicofwithselpfing,t theepresemthtisalasnee exhibiist thah fox ithitpuvposst abi | ity

as measured by RBOT. o reatf er than 150, or greater _than 155, or greater
than 160, Hﬁpé%&t ellwﬁq{gmai@s GAMRASIYONS t%ﬂ a?’&rr&tsF@llc@ﬁpi'éliuf‘i‘ ohbTieaRE 1 rom

an aromat i | e f. t0 xhi-bit_ an.oxidati ye apj. || red by
RBOT of grcgoéﬁgd?ﬁ@%%sg aﬁlg Eggﬂgregh{h ééﬂ t%gl&l%l,zgglﬁﬂeérrgg&egét‘%}fg%Ct%,‘ nggaé'r eater
than 45 mgmi@ss diendldiy | Bigh aAclivityr 288liles WA ORIrfdceNaciBge dsefull or
aromatic noi ety of benzeéne exhibit an oxidative stability as neasured by
RBOT of grmeparing halkylMronmaticgreompositiien that are grsefitlerast higmidOluboicagt eat er
than 35 mnutes. .General ly,.the greater the degree_ of branching and greater
the chai n $RRRNtigNS 8 aaﬁﬁwesm fe, butaargnof linpited taxpMICMrdés CMcﬁgati ve
stability) ] t nt of t.he al kylaromatjc ¢ i tions of
the pr esenvdﬁg@omhsé‘ mﬁ’tlﬁgﬁao@fldp%}ynfo l?#‘é’“c%%@?ﬁ%n a%&?%‘red
herein is ygeldsq $PEP9D0 DI 5 D3bUHISNGs 36X 60! GXRI7,49800RES14,500.3045€f ul
as liquid lubricant conpositions nmust be liquid over ‘a wi de tenperature
range. Thehgremr ingoipdrated bhacferemsd in ¢ngiereatingte, adspebtivdlyadibélosel MCM- f | ow.
The |l ower the pour point of a |liquid |lubricant conmposition, the |ower the
requi rerrerﬁ‘?,fMEl\ét%;[:M@M‘t“%%@b@éénﬂ@dbi@%s, whi ch i s advantageous. In
particular, the disclosed al kylaromatic - 16 - conpositions have pour
points that are |less than or equal to -30C, or less than or equal to -35C,
or less t e -1ikRtin 80 S ; t Qg ass t han
or equal [@Ogg C. N@n&?ﬁ??é, %‘?’n@b Hgﬁe?eﬁﬂnadéggsr ggldgifdebg%ﬁﬁﬁ% gllri118h'tﬁ E’e
greater thdumimim bsorgide, ofoit W@l éhibride, einc Yohédride, abbioph eriflibgde and
advant ageous) pour point. [0037] The follow ng non-linmting exanples are

i |1 ustraticthersf New-limiting exeanplaty Beonsied acidsdneluds sntfutic asid itric agid, t he
advant ages thereta. It . is within the ability. of . rson of ordinary skill
inthe ar ﬁ‘%ﬁoglﬁP’é‘&aC&,ﬁ‘é/Fwﬂv?%P@?’ PBB?‘HM&E‘B(&@%WM known in the art
wi t hout departing fromthe scope of the present disclosure. Accordingly,

t hese exanpl es shall serve to further illustrate the present disclosure,
not to |in0025hemArbriel ESmpsan®s evlich may be used in the present disclosure

include substituted and unsubstituted one and two ring aromatics and mixtures

thereof. Advantageously, the aromatic moiety is at least one chosen from:



Preparation of Al kyl ated Napht hal ene from 2- hexyl - 1-decene and napht hal ene
[ 0038] A sol ution of 200 g 2-hexyl-1-decene, 228 g naphthal ene, 200 g
decane ( 0 and 10 g high activity zeolite cataly g W\er e
heat ed u(r)l‘gke)r ni %ogen to 125C for 48 hours. The sol ution vvaU(sSy(;c%) and
filtered. The lubricant-range nmaterial _yas isolated fromthe m xture by
distillation to renove any conponents boiling below 160C at 1 mllitorr
vacuum Yield: 231 g clear, nearly colorless fluid (74% based on ol efin).

- 17 - Exapeiizené, td?ﬁ@fi@rﬁjllbﬁé’s ofthilHenkzaie anlapiptiahlene. f Safthble aromatic
2-octyl-1- dodecene and napht hal ene [ 0039] The procedure was simlar to

Exanpl e 1 compmindshiatluzie) byt areonotylimited dodsulstiduted orussubstitutediberz@deg
clear, bright .yellow fluid (74% basge n anpl e 3 Preparation of
Al kyl at ed ?‘J&éﬂéﬁ%‘i effe un%bﬁtl(z*u@ét wpllt?rafﬁ@s ew&v ﬁ%&!&efxaﬂwnawlémw{eéoﬁmam
sol ution of 2-.0c¢C thal n and
15 g USY it 3?6“%?‘1 \Rér‘g‘sﬁ%@‘é’g‘“ﬁﬁﬁgﬁﬁ?ﬂ SS%R&%;J] P§$“f§9€a‘a§2t Jirae;
sol uti on V@%Sﬁﬁﬂé&%ratﬂﬁufbbﬁﬁﬁé&gy ef[ﬁﬁ’th}éﬁér 's‘t‘lﬁgﬁﬁi’t@d‘%‘f' ﬁf%hBEﬂn%lte(YVg@rélém at ed
fromthe mxture by distillation to renové any conponents boi l bel ow
160C at 1 gubktituted or \uasubsntutédahdolezsébgltatemhon unasstijuted lbenkethsogHened (62%
based on ol efin). Exanple ] ]
substituted or unsubstltuted dibenzothiophene, substituted or unsubstituted
benzofuran, substituted or unsubstituted dibenzofuran, substituted or
unsubstituted phenoxanthiin, substituted or unsubstituted thianthrene, substituted
or unsubstituted biphenyl, substituted or unsubstituted pyrene, bisphenol A,
bisphenol sulfide, anisole, thioanisole, diphenyl oxide, diphenyl sulfide,
diphenylmethane,their substituted analogs, and mixtures thereof. A substituted
naphthalene is a particularly advantageous aromatic compound for the invention
compounds and processes disclosed herein. A less advantaged aromatic

compound for the invention compositions and processes disclosed herein is an

unsubstituted naphthalene compound.

[0026] In further advantageous embodiments, the aromatic compound is
benzene, toluene, 0-, m- or p-xylene, hydroxybenzene, alkoxybenzene such as
methoxy or ethoxybenzene, thioanisole, diphenylether, diphenylmethane,
diphenyl sulfide, naphthalene, methylnaphthalene, methoxynaphthalene,
ethoxynaphthalene, methylnaphthyl sulfide, ethyl naphthylsulfide, bisphenol-A,

bisphenol sulfide or a mixture thereof.

[0027] The aromatic compound can be substituted. Suitable substituent groups
‘include alkyl, hydroxy, alkoxy such as methoxy or ethoxy, aroxy such as
phenoxy, alkylthio such as methanethio, arylthio such as phenylthio, and aralkyl

such as benzyl. Thus, in some advantageous embodiments the aromatic



Preparation of Al kyl ated Napht hal ene from 2- hexyl - 1-decene and napht hal ene
[0041] 17.1 g Napht hal ene and 50 nL hexanes were heated to 45 C under N2.
BF3. OEt 2 ) was added dropw se to napht hal ene m X 2-
hexyl -1 - d\géezﬁoesw\ﬁ)éss?“added dropwi se. Reaction was foll ovve%klg&ségm%gg%

conpl etion (several days) the reaction_pj xture was quenched with 5% NaCH,
washed with water until neutral and dried over sodiumsulfate. The

| ubricant-range material was isolated fromthe mxture by distillation to
[ emve anycompdénd iSCORMOCAIbS AR bRAZR! ¥ deRpiRttohcht! bf 4 AidubVafisdn
Yield: 21 g clear fluid, 67% based on ol éfin. Exanple 5 " Preparation of

Al kyl at ed Herlzeaecfor eaamplopanal - rhetho de oetho-Ryldné.ol uene [ 0042] 460 g Tol uene,
140g 2-octyl-1-dodecene, and crushed MCM49 (4.0 g) were heated to refl ux
under N2. The reaction was followed by GC. Upon conpletion, several days,

th ti ) Xt d filt d. The | ubri t- terial
was | <o at G028 ot e SRR 0k SR ookl T FeetanVabaR jocBRpOIeERS -
boi | i b : 0 blybj t YA/ : | d

o et in. Einaaret g Bl 200, PisFertPRS O30% foba s JFRE pfble HaifoYbFafomati ec Of

2- decyl- 1-¢ghpogiat ens, B&ﬁzdﬁ%ﬂh@ﬁl@thﬁ[&%?hJ?Z&tﬁn@]il}llbeﬂzeri@ﬂ) glefin starting
2-decyl-1-tetradecene, and crushed MCM 49 ( ) were heated to reflux

4.0
under N2. mhteriadas typieallyabetideinols dnidy2(GE, pllﬂﬁm%boh@ o 1@, bukdepeadingys,
the reaction m xture was. cool ed d filtered. .The |ubricant-range materi al
was isol atQR the gRetage0 M&t@rby?@%@mmam Jvhich 15 éﬁ:évs&aﬂv RO BRE NS
boi li ng be mllitorr vacuum Yield: 158 g clear colorless
fluid, 91001%918?}%?&3?? Yon ol efin. Conpar ative Exanple 1

[0029] Generally, when a zeolite catalytic process is used, the catalyst is
charged in a slurry reactor. The reaction may be carried out in a fixed-bed
continuous operation wherein the catalyst is in pellet or extruded form and
packed in a tubular reactor heated to a desirable temperature. The feed is
introduced at a specific weight hourly space velocity (WHSV) ranging from
about 0.1 to about 20, preferably from about 0.5 to about 5, to achieve a high
conversion. An effective reaction temperature for the preparation of the
alkylaromatic compositions is, for example, between room temperature and 350
°C, advantageously between 75 °C and 350 °C. Above 200 °C, the catalyst may
affect isomerization, therefore a more advantageous temperature is below 200°C.
Preferred reaction conditions include a pressure of from about 1 to about 30
atmospheres, a preferred catalyst charge from about 1 wt% to about 5 wt% in a
slurry reactor or a WHSV of about 0.2 to about 4 in a fixed bed continuous
operation. The reactants can be in either the vapor phase or the liquid phase and
can be neat, i.e., free from intentional admixture or dilution with other material,
or they can be brought into contact with the catalyst composition with the aid of
carrier gases or diluents such as , for example, hydrogen or nitrogen. The
alkylation can be carried out as a batch-type reaction typically employing a

closed, pressurized, stirred reactor with an inert gas blanketing system or in a



[ 0044] Conparative Exanple 1 is a comercial al kyl ated napht hal ene nade
from 1- hexadecene, naphthal ene, and USY catal yst. The majority of isoners
are nono with a mxture of al pha and beta nap
substltut‘?g?ﬁﬁfﬁ%é Conpar ative Exanple 2 [0045] Oorr%grthS%\})gmg(Sls
is an al kyl ated toluene made from C20 ipternal olefins, toluene, and a
Friedel Crafts catalyst. The majority of isonmers are m)no-al kylated with
little quaternary substitution. WD 20081127534PCT/ U S2008/ 003518 - 20 -
Table 1. Lyhfi-dmRbus ®F cBhtiYhons bﬂ&ﬁﬁoﬁ'u‘fﬂﬂzﬁ{geg f&e@r@tméﬁn%aﬁ@ SatdfyRati c
G oup Exanple 1 Naphthal ene Exanpl'e 2 Napht hal'ene Exanp

system.

2

[0030] Generally, when a Friedel Crafts catalyst is used to affect the
alkylation (US Patent 6,071,864), e.g., AICl; or promoted BF;, process
conditions may be carried out a temperature between -30 and 350 °C, typically at
a temperature between 30 °C and 90 °C with a pressure typically between 700
and 7000 kPA. As conditions become more severe the Friedel Crafts catalysts
causes isomerization of the vinylidene olefin so that the alkylaromatic product
will contain a decreased amount of quaternary substituted alkylated aromatic.
The alkylation can be carried out as a batch-type reaction typically employing a
closed, pressurized, stirred reactor with an inert gas blanketing system or in a

semi-continuous or continuous operation.

[0031] In the present disclosure, any means of separation that will provide a
useful liquid alkylaromatic composition may be utilized. One example of a
useful separation scheme following the alkylation of an aromatic is to use an
excess of the lighter boiling hydrocarbon, for example, an aromatic and run the
alkylation experiment until all of the olefin (vinylidene or other C12-C40 olefin)
has been consumed. Then the liquid composition can be separated from the
acidic zeolite by ordinary means such as gravity separation or filtration and the
unreacted aromatic can be separated from the liquid composition by vacuum
distillation and recycled. In the general case of a Friedel Crafts catalyst, the
reaction mixture can be quenched with a dilute acid or base solution, washed
with water and dried as described in US Patents 5,254,274 and 6,071,864.
Although the product of the alkylation has reduced bromine number compared to
the starting olefin, mild hydrotreating of residual olefin or dimer co-product is an

option.



Napht hal ene Conparati ve Exanpl e 1 Naphthal ene A efin C16 vinylidene C20
vi nyl i dene C20 vi nylidene Cl16 LAO Catal yst MCM 22 MCM 22

WO 2008/127534 PCT/US2008/003518
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[0032] This will provide the alkylaromatic composition useful as a liquid

lubricant or additive.

Composition

[0033] The alkylaromatic products may have the following non-limiting

\/\ PN BN %
[M LA R@/ X

Pl

structures:
wherein a significant portion of at least one R group is the radical R,R;CCH;
and wherein R has from about 6 to 40 carbons, or 12 to 40 carbons, or 16 to 24

carbons and R, and R; are alkyl groups. For example:

Pos
— )

The amount of quaternary substituted aromatic was estimated from assignments
determined by NMR DEPT experiments. In particular, the alkyl moiety attached
to the aromatic moiety may be such that at least 25 mol% of the benzylic
carbons are quaternary. or such that at least 30 mol% of the benzylic carbons are
quaternary, or such that at least 35 mol% of the benzylic carbons are quaternary,
or such that at least 40 mol% of the benzylic carbons are quaternary, or such that
at least 50 mol% of the benzylic carbons are quaternary, or such that at least 70
mol% of the benzylic carbons are quaternary



USY USY kV100C, cSt 5.4 6.7 5.8 4.7 kV40C, cSt 40.5 49.9 38.7 29 VI 26 67

WO 2008/127534 PCT/US2008/003518
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Other aromatic structures that may be obtained using alternative olefins could

result in quaternary substitution such as the general structure:

e
-

where R, R,, and R; are alkyl groups and R, is a hydrogen or alkyl group.

[0034] Monoalkylated aromatics are the primary product disclosed herein,
although multi-substituted aromatic compositions and oleﬁn-oleﬁﬂ products may
also be formed. The presence of non-quaternary alkylated aromatics are also
present under the condition of isomerization of the olefin or the presence of non-
vinylidene olefin reactants.

In the presence of a sufficiently strong acid catalyst, olefins may undergo
skeletal rearrangement leading to tertiary carbocations (R3;C+, where R = alkyl)
and that tertiary carbocations will alkylate aromatic substrates to produce a
composition with a quaternary benzylic carbon adjacent to the aromatic ring.
One of the advantages of the present disclosure is that alkylaromatic
compositions having quaternary benzylic carbon at sufficiently high levels
(defined as at least 25 mol% of the benzylic carbons are quaternary, or such that
at least 30 mol% of the benzylic carbons are quaternary, or such that at least 35
mol% of the benzylic carbons are quaternary, or such that at least 40 mol% of
the benzylic carbons are quaternary, or such that at least 50 mol% of the
benzylic carbons are quaternary, or such that at least 70 mol% of the benzylic
carbons are quaternary), such as to provide improved thermal and oxidative
stability to the composition. An illustrative example of an alkylaromatic

composition from the present disclosure having thermal and oxidative stability is



69 65 Pour Point, C <-52.7 <-52.3 <-54.2 -39 Aniline Point, C 37 54 49 34
B10 oxi dation (40h@25F)

WO 2008/127534 PCT/US2008/003518
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a composition where a significant amount (defined as at least 25 mol% of the
benzylic carbons are quaternary. or such that at least 30 mol% of the benzylic
carbons are quaternary, or such that at least 35 mol% of the benzylic carbons are
quaternary, or such that at least 40 mol% of the benzylic carbons are quaternary,
or such that at least 50 mol% of the benzylic carbons are quaternary, or such that
at least 70 mol;’/o) of the benzylic carbons are quaternary. The greater the
thermal and oxidative stability of the alkylaromatic liquid lubricant composition
the lower the requirement for additives to provide required thermal and oxidative

stability.

[0035]  More particularly, alkylaromatic compositions made from an aromatic
moiety of unsubstituted naphthalene exhibit an oxidative stability as measured
by RBOT of greater than 150, or greater than 155, or greater than 160, or greater
than 165 minutes. Alkylaromatic compositions made from an aromatic moiety
of toluene exhibit an oxidative stability as measured by RBOT of greater than
30, or greater than 35, or greater than 40, or greater than 45 minutes. In
addition, alkylaromatic compositions made from an aromatic moiety of benzene
exhibit an oxidative stability as measured by RBOT of greater than 20, or greater
than 25, or greater than 30, or greater than 35 minutes. Generally, the greater the
degree of branching and greater the chain length of the alkyl moiety yields a
lower RBOT (poorer oxidative stability).

[0036] Another advantage of the alkylaromatic compositions of the present
disclosure is that the pour point of the compositions formed herein is useful.
Compositions including alkylaromatic compositions useful as liquid lubricant
compositions must be liquid over a wide temperature range. The pour point is
the lowest temperature at which a fluid will flow. The lower the pour point of a
liquid lubricant composition, the lower the requirement for pour point depressant

additives, which is advantageous. In particular, the disclosed alkylaromatic



sludge nil nil trace nil D664-1, ng/gKOH 0.32 0.90 2.40 2.26 %/ scosity
I ncrease 2 15
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compositions have pour points that are less than or equal to -30°C, or less than or
equal to -35°C, or less than or equal to -40°C, or less than or equal to -45°C , or
less than or equal to -50°C. Generally, the lower the degree of branching and the
greater the chain length of the alkyl moiety yields a higher (less advantageous)

pour point.

[0037] The following non-limiting examples are illustrative of the various
embodiments of the present disclosure and the advantages thereto. It is within
the ability of a person of ordinary skill in the art to select other variables from
amongst the many known in the art without departing from the scope of the
present disclosure. Accordingly, these examples shall serve to further illustrate

the present disclosure, not to limit them.

EXAMPLES

Example 1
Preparation of Alkylated Naphthalene from 2-hexyl-1-decene and

naphthalene

[0038] A solution of 200 g 2-hexyl-1-decene, 228 g naphthalene, 200 g
decane (optional), and 10 g high activity zeolite catalyst (MCM-22) were heated
under nitrogen to 125°C for 48 hours. The solution was cooled and filtered. The
lubricant-range material was isolated from the mixture by distillation to remove
any components boiling below 160°C at 1 millitorr vacuum. Yield: 231 g clear,

nearly colorless fluid (74% based on olefin).



17 13 Pb loss, W% 0.6 4.66 13.9 14.3 RBOI, mnutes 334 167 86 196 Noack
Vol atility, %loss 13.8 5.2
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Example 2
Preparation of Alkylated Naphthalene from 2-octyl-1-dodecene and

naphthalene

[0039] The procedure was similar to Example 1 except that 250 g 2-octyl-1-
dodecene was used. Yield: 268 g clear, bright yellow fluid (74% based on
olefin).

Example 3
Preparation of Alkylated Naphthalene from 2-octyl-1-dodecene and

naphthalene

[0040] A solution of 250 g 2-octyl-1-dodecene, 114 g naphthalene, 200 g
decane, and 15 g USY catalyst were heated under nitrogen to 175°C for 8 days.
The solution was cooled and filtered. The lubricant-range material was isolated
from the mixture by distillation to remove any components boiling below 160°C .
at 1 millitorr vacuum. Yield: 254 g clear, nearly colorless fluid (62% based on

olefin).

Example 4
Preparation of Alkylated Naphthalene from 2-hexyl-1-decene and

naphthalene

[0041] 17.1 g Naphthalene and 50 mL hexanes were heated to 45 °C under
N,. BF;.0Et; (5.0 mL) was added dropwise to naphthalene mixture. 20.0 g 2-
hexyl-1-decene was added dropwise. Reaction was followed by GC. Upon
completion (several days) the reaction mixture was quenched with 5% NaOH,
washed with water until neutral and dried over sodium sulfate. The lubricant-

range material was isolated from the mixture by distillation to remove any



8.2 12.7 Quaternary isomer, mol % (NIlIR) 70 68 <10 NA [0046] The ol efins
used to synthesize Exanples 1-5 have a single branch at the vinylidene
carbon a I e identical in structure to vinylide t he
netallocgﬂeﬁggﬁgggges Exanmples 1, 2, 4, and 5 have 70, @gi/ gmg%ﬁ%
respectively, of an isonmer with a quateggary carbon al pha to the
napht hal ene or toluene ring. Exanple 3 provides an exanple of an allcylated
napht hal ene made - 21 - froma vinylidene which does not have a

significa lﬁ?&'ﬂéﬁt H@ | p S ' hi gh
activity r21‘£e00 tes \SMBE)H BWI%%“?%‘EEI é’fl}r f:ft)glgverlcesu tsw61 Fﬁph%g% érfédrrﬁ’mﬁ,
concent r at¢gmbaREd dnasiefinar y subst itution for bul ky vinylidenes. Use of

ot her acidic catalysts such as BF3 etherate should result in high anounts
of quaternary substitution. [0047] Exanpl e 4 denonstrates that the
BF3-etherate catalyst has simlar selectivity with respect to quaternary
substitution: Table 2. Example 5

Preparation of Alkylated Toluene from 2-octyl-1-dodecene and toluene

[0042] 460 g Toluene, 140 g 2-octyl-1-dodecene, and crushed MCM-49 (4.0
g) were heated to reflux under N,. The reaction was followed by GC. Upon
completion, several days, the reaction mixture was cooled and filtered. The
lubricant-range material was isolated from the mixture by distillation to remove
any components boiling below 160°C at 1 millitorr vacuum. Yield: 155 g, 67%

yield, based on olefin.

Example 6
Preparation of Alkylated Benzene from 2-decyl-1-tetradecene and benzene

[0043] 175 g Benzene, 140 g 2-decyl-1-tetradecene, and crushed MCM-49
(4.0 g) were heated to reflux under N,. The reaction was followed by GC. Upon
completion, several days, the reaction mixture was cooled and filtered. The
lubricant-range material was isolated from the mixture by distillation to remove
any components boiling below 160°C at 1 millitorr vacuum. Yield: 158 g clear

colorless fluid, 91% yield, based on olefin.

Comparative Example 1

[0044] Comparative Example 1 is a commercial alkylated naphthalene made
from 1-hexadecene, naphthalene, and USY catalyst. The majority of isomers are

mono-alkylated with a mixture of alpha and beta naphthalene substitution.



Sanpl e Exanple 4 Exanple 5 Exanple 6 Conparative Exanple 2 Aromatic G oup
Napht hal en e Tol uene Benzene Tol uene O efin CLl6 vinylidene
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Comparative Example 2

[0045] Comparative Example 2 is an alkylated toluene made from C20
internal olefins, toluene, and a Friedel Crafts catalyst. The majority of isomers

are mono-alkylated with little quaternary substitution.



C20 vinylidene C24 Vinylidene C20 olefin Catal yst BF3. Et 20 MCM 49 MCM 49
Fri edel

Crafts catal yst kV100C, cSt 5.2 4.0
WO 2008/127534 PCT/US2008/003518
-20-
Table 1. Lube Properties of Vinylidene Alkylated Aromatics
Sample Example 1 Example 2 | Example 3 Comparative
Example 1
Aromatic Group Naphthalene |Naphthalene| Naphthalene | Naphthalene
Olefin cle €20 €20 C16 LAO
vinylidene vinylidene vinylidene
Catalyst MCM-22 MCM-22 USY USY
kV100°C, cSt 54 6.7 5.8 4.7
kV40°C, cSt 40.5 49.9 38.7 29
VI 26 67 69 65
Pour Point, °C <-52.7 <-52.3 <-54.2 -39
Aniline Point, °C 37 54 49 34
B10 oxidation
(40h@325F)
sludge nil nil trace nil
D664-1, mg/gKOH 0.32 0.90 2.40 2.26
%Viscosity increase 2 15 17 13
Pb loss, wt% 0.6 4.66 13.9 14.3
RBOT, minutes 334 167 86 196
Noack Volatility, % loss 13.8 5.2 8.2 12.7
Quaternary isomer, 20 63 <10 NA

mol% (NMR)

[0046]

The olefins used to synthesize Examples 1-5 have a single branch at

the vinylidene carbon and should be identical in structure to vinylidenes made

via the metallocene processes. Examples 1, 2, 4, and 5 have 70, 68, and 72 %,

respectively, of an isomer with a quaternary carbon alpha to the naphthalene or

toluene ring. Example 3 provides an example of an alkylated naphthalene made




4.4 5.2 kV40C, cSt 34.8 20.0 19.9 32.1 V/ 55 72 115 86 Pour C -54

-51

Poi nt,
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from a vinylidene which does not have a significant amount of quaternary
substitution. The process of using high activity zeolites with acidity on the
surface results in higher concentrations of quaternary substitution for bulky
vinylidenes. Use of other acidic catalysts such as BF; etherate should result in

high amounts of quaternary substitution.

[0047]

selectivity with respect to quaternary substitution:

Example 4 demonstrates that the BF;-etherate catalyst has similar

Table 2.
Comparative

Sample Example 4 | Example 5 Example 6 Example 2
Aromatic Naphthalen
Group e Toluene Benzene Toluene
Olefin C16 C20 C24

vinylidene | vinylidene Vinylidene C20 olefin
Catalyst Friedel

: Crafts

BF;.Et,O MCM-49 MCM-49 catalyst
kV100°C, cSt 5.2 4.0 4.4 52
kV40°C, cSt 34.8 20.0 19.9 32.1
Vi 55 72 115 86
Pour Point, °C -54 -51 -30 -51
RBOT, minutes 45 31 20
Quaternary 72 54 72 <5%
isomer, mol %

[0048]

Examples 1 - 4 have much improved pour points (D5985 method)

compared to Comparative Example 1, demonstrating that the branching

improves pour points.

[0049]

both lubricants have the same molecular weight.

‘Example 1 can be directly compared to Comparative Example 1 since
The RBOT (Rotary Bomb

Oxidation Test, D2272 method) is 334 and 196 minutes, respectively, proving



-30 -51 RBOT, mnutes 45 31 20 Quaternary isoner, mol %72 54 72 <5%
[ 0048] Exanples 1 - 4 have nuch i nproved pour points (D5985 net hod)

conpar ed tRad;qt i ve Exanple 1, denonstrating that tRerRis3isbizgs
| mproves \gguzr po?%?s. [ 0049] Exanple | can be directly corrpar%;ﬁ to

Conparative Exanple 1 since -22.-

that the quaternary carbon causes an improvement in the oxidation stability of
the lubricant. Also, the B10 oxidation test (M334 method) demonstrates
improvement of the acid number (0.32 vs. 2.26 mg/gKOH, D664-1 method),
viscosity increase (2 vs. 13 wt%, D445-5 method) and Pb loss (0.6 vs. 14.3 wt%,
D2272 method) during catalytic oxidation of Example 1 vs. Example 3.

[0050] Example 2, which is higher in molecular weight and viscosity than
Example 1 and Comparative Example 1, also shows improved or equal B10
oxidation properties relative to Comparative Example 1, but not exceeding those

of Example 1.

[0051] Example 3 demonstrates the loss of resistance to oxidation when there
is little quaternary substitution due to isomerization of the vinylidene during the
reaction. The USY catalyst was a poor alkylation catalyst for the alkylation of
naphthalene with vinylidenes due to the bulk of the olefin. USY catalyst is an
excellent alkylation catalyst for conventional alkylated naphthalenes for which
linear alpha olefins are used. The result of this isomerization was poorer RBOT
results compared to Comparative Examples 1, although their B10 oxidation

results were similar.

[0052] Example 5 can be directly compared to Comparative Example 2 since
both lubricants have the same molecular weight. The RBOT (Rotary Bomb
Oxidation Test, D2272 method) is 45 and 20 minutes, respectively, proving that
the quaternary carbon causes an improvement in the oxidation stability of the

lubricant.

[0053] The resulting product was analyzed as summarized below. Oxidation
stability was analyzed under the Rotating Bomb Oxidation Test (RBOT) and the
B-10 oxidation test. The RBOT test protocol is described in ASTM D2272. The
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used to calculate the theoretical yield for monoolefins with vinylidene contents

of 50 - 65% as shown in Table 3 below.



Model i ng Exanple 7 [0054] The products described in Exanples 1 - 6 were
made with a nono-olefin with a >95 nol % vi nyl i dene content. The procedure
for Exa L[ted in 70 nol % quaternary isomer for

ar onatiggksf&oesrﬂg?%éedure for Exanple 5 resulted in 54 n%)?lréoéé?g{og&r%ﬁ%ry

i somer. These nunbers were used to calcyl ate the theoretical yield for
nonool efins with vinylidene contents of 50 - 65% as shown in Table 3 bel ow.
WO 2008/ 127534PCT/ US2008/ 003518 - 24 - Table 3. Theoretical Yield of
Quaternary Isomer in Product (nol% Mongl,gid8s. Vinylidene Content (mol %

54% 70%

Theoretical Yield of Quaternary
Isomer in Product (mol%)
Monolefin Vinylidene
Content (mol %) 54% 70%
50 % 27 35
60 % 32 42
65 % 35 45

[0055] Applicants have attempted to disclose all embodiments aﬂd
applications of the disclosed subject matter that could be reasonably foreseen.
However, there may be unforeseeable, insubstantial modifications that remain as
equivalents. While the present disclosure has been described in conjunction with
specific, exemplary embodiments thereof, it is evident that many alternations,
modifications, and variations will be apparent to those skilled in the art in light
of the foregoing description without departing from the spirit or scope of the
present disclosure. Accordingly, the present disclosure is intended to embrace
all such alterations, modifications, and variations of the above detailed

description.

[0056] All patents, test procedures, and other documents cited herein,
including priority documents, are fully incorporated by reference to the extent
such disclosure is not inconsistent with this disclosure and for all jurisdictions in
which such incorporation is permitted. When numerical lower limits and
numerical upper limits are listed herein, ranges from any lower limit to any

upper limit are contemplated.



50% 27 35 60% 32 42 65% 35 45 [0055] Applicants have attenpted to
di scl ose all enbodi nents and applications of the disclosed subject
matter that could be reasonably foreseen. However, there nay be
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to any upper dniatkyl moizty hadisgnal aatigsh atom number in the range between 12 to 40,
wherein said alkyl moiety is attached to said aromatic moiety such that at least 25

mol% of the benzylic carbons are quaternary.

2. The alkylaromatic composition of claim 1, wherein at least 35 mol% of the

benzylic carbons are quaternary.

3. The alkylaromatic composition of claim 1, wherein at least 70 mol% of the

benzylic carbons are quaternary.

4. The alkylaromatic composition of claim 1, wherein said aromatic moiety is
chosen from benzene, toluene, xylenes, ethylbenzene naphthalene, diphenyl sulfide,

diphenyl oxide, and mixtures thereof.

{ 5. The alkylaromatic composition of claim 1, wherein said aromatic moiety is
chosen from substituted or unsubstituted benzene, substituted naphthalene, substituted
or unsubstituted furan, substituted or unsubstituted thiophene, substituted or
unsubstituted anthracene, substituted or unsubstituted phenanthrene, substituted or
unsubstituted pyrole, substituted or unsubstituted indole, substituted or unsubstituted
benzothiophene, substituted or unsubstituted dibenzothiophene, substituted or
unsubstituted benzofuran, substituted or unsubstituted dibenzofuran, substituted or
unsubstituted phenoxanthiin, substituted or unsubstituted thianthrene, substituted or

unsubstituted biphenyl, substituted or unsubstituted pyrene, bisphenol A, bisphenol

AMENDED SHEET (ARTICLE 19)



WO 2008/ 127534PCT/ US2008/ 003518 - 25 - CLAIMS 1. An al kylaromatic
conposition conprising: an aromatic noiety other than unsubstituted
napht hal ene; and an al kyl noi ety having a carbon atom nunber in

the range bghveRA7A#% t0 40, wherein said al kyl noiety peabimetres to
said aromatic noi efy such that at |ea%%t 25 nol % of the benzylic
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$ubst i t ueasbomatoghripberiin the@ngs besween b &phénol A, bi sphenol AVENDED
SHEET (ARTICLE 19) WD 20081127534- 26 - PCT/ US2008/ 003518 sul fi de,
ani sol e, thioanisole, diphenyl oxide, diphenyl sulfide,

di phenyl get hafe, alaphreraticicempbdidoeof.claifh 4.Thdemik ghidr aroRfati€ moiety is

conposition of claim1, wherein said aronmatic noiety is
toluene.

9. The alkylaromatic composition of claim 8, wherein said composition has an

oxidative stability as measured by RBOT of greater than 30 minutes,

10.  The alkylaromatic composition of claim 4, wherein said aromatic moiety is

benzene.

11.  The alkylaromatic composition of claim 10, wherein said composition has an

oxidative stability as measured by RBOT of greater than 20 minutes.

12.  The alkylaromatic composition of claim 1, wherein said composition has a pour

point of less than or equal to -35°C,

13.  The alkylaromatic composition of claim 12, wherein said composition has a

pour point of less than or equal to -50°C.

ANMENDED SHEET (ARTICLE 19)



chosen fromtoluene, o-, m or p-xylene, hydroxybenzene, nethoxy or
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sul fide, nethyl napht hal ene,
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I j

napht hyl sul 1 de, bisphenol - A, bi spher®@t sul fide and m xtures thereof
7. The al kylaromatic gonposition,.of aim.,1.. wher.ein said.al kyl ..
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an oxidative stability as neasured by RBOT of greater than 20
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conposition has a pour point of |ess than or equal to -35C. 13. The
al kyl aromatic conposition of claim 12, wherein said conposition has a
pour poi bi. of Theegsodehmnacsordigiab tlhaim 504, fEENDEOMBHIERT: (sepErhiGigs abd)

recovering said alkylaromatic compound.

{ 16.  The process according to claim 14, wherein said alkylaromatic compounds has

at least 65 mol% of benzylic carbons that are quaternary.

17.  The process according to claim 14, wherein said acidic alkylation catalyst is
chosen from zeolite catalysts, MCM-22, MCM-57, MCM-36, MCM-49, MCM-56,
ITQ-1, and ITQ-3.

18. The process according o claim 14, wherein acidic alkylation catalyst is a
Friedel Craft catalysts chosen from BF;, promoted BF;, AlCl;, SnCly, FeCls, and
ZnCl,.

19.  The process according to claim 14, wherein said aromatic moiety is chosen

from benzene, toluene, xylenes, ethylbenzene naphthalene, diphenyl sulfide, diphenyl

oxide, and mixtures thereof.

AMENDED SHEET (ARTICLE 19}
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t hi oani sol e, di phenyl oxide, dlphenyl sul fide, diphenyl nethane, and
m xtures thereof. 21. The process according to claim 14, wherein
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alkyl aluminum catalysts.

24.  The process according to claim 23, -wherein said alkyl aluminum catalyst is

triisobutyl aluminum.

25. The process according to of claim 14, wherein said mono-olefin is derived
from a metallocene-catalyzed alpha-olefin polymerization process.
26.  The process according to claim 14, wherein said mono-olefin is derived from a

vinylidene with a carbon atom number less than 40.
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22. The process according to claim 14, wherein said nono-olefin has a
carbon atom nunber in the range between 16 to 24. 23. The process
according to claim 14, wherein said nono-olefin is derived from al kyl
al um num catal ysts. 24. The process according to claim23,- wherein
said al kyl alum numcatalyst is triisgbutyl alum num 25. The
process according to of claim 14, wherein said nono-olefin is derived
froma netal | ocene-catal yzed al pha-ol efin pol ynerization process.
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is chosen from 2- hexyl - 1-decene, 2-octyl-I|-dodecene, or 2-decyl -
Met radecene, and mi xtures thereof.





