}.e3eTBYWS$! p, "$6$TB% NOVEL ALKYLAROVATI C LUBRI CANT FLUI DS Thi s invention
relates to novel alk |c conposi tions useful as | ubri26am/2003
basest ock and | ubri cé\“\mm and to their method of preparation. Mre
particul arl y, the in ' relates to novel lubricant conpositions having
hi gh viscosity index (VI ) *6%% i ncreased thernal stabil i ty prepared by

al kyl ating aromatics with olefinic polyal pha-olefin oligonmers that exhibit
hi gh VI and | ow pour point. nventl on also relates to novel |ubricant
conposi ti ons having h| W\m@\\ index (VI) and LO increased oxidative
stability prepared by aromatics with nono-ol efinic dimner
prepared by polyal pha- ol ef kigei@t i goreri zati on using reduced chrom um oxi de
catal ysts on solid support. Efforts to inprove the performance of natural
m neral oil based |ubricants by the synthesis of oligoneric hydrocarbon
fluids 15 have been the subject of inportant research and devel opnent in
the petrol eumindustry for atyoveasixyiiddwriyeansr@nt rhape |ed to the
relatively recent market introductiton of a nunber of sdperior

pol yal pha-ol efi n ( PAO nthetic lubricants) primarily based on the

ol i gomeri zation of al phé’xtﬁ énvepsioprrelatgr Kioneayel |adkxlafadsansmati | ubri cant
property i nprovenesjositiss tubéfustasofubkiant mdsestsdkabnd Bbedat a@diftvds on
synthetic |ubri caa@gstohaélpqlg&ogq;@a&quam&s SR BLLdi B HReT W h viscosities

over a w de range of Scos| t whi | e al so
Shovi g 1 dbr | o1 Cyimvenieim e aas “oseptg: 1 BERERE SEMoSy AR B0 "6 nt " equal t o
or better than 25iptasépalindsix| (VITaad dnereasesly Htemoali etabubrtrcpamased byer
friction and hencekyneimasenimedanticalefedic o19MpHa-tEQaSollfefdikhatspect rum
o der range of operite MTlE Pl Sip bl MR IhlekEieilldo 1139, WET

26/ 03/ 200% --Z_ F{l@f% ﬂ-%ﬁ%ﬁ%ﬁ?@l’%é‘i%s GaviEe g visensitvoindgr d¥EK eiks) PAO

| ubri cant st0ar e ofinereafed nxidatiod statiligddirdpaveisby allonheing artdaoss pidtaperti es
for specific appldogédol &gic Ih&rrmesar@@wl a1 &40 1 | geRer i pabiide

oxidation inhibitors S tors, antiwear agents,
extrenme pressure i f?#‘é%d C%’Sﬂ’r“"lp%’ilﬁ% Ca%ﬁjll’"étsqs%fhtsgh%dsé‘%‘?réent di spersants,
viscosity index (VI) imBftares o impeaveithhigeirfasmancanaf ndterdli kimerdfhed aspect
of the |ubricant baséd Litsisdmesivhi tal slyytrdess:b‘flmdgoinanléi Hydrdda FUBR! fluids

err sz, ovel S A et B

rsue
field flow from FSEFPLAW IAYSFT deveassy %{ g‘tf&r%‘é‘s@detlé d farthej encies in
| ubri cant ol i goneetatmelyneagent magkatrintkpdedtdpmefita fugnber nfienpertibyy bet t er

properties. A kylpauﬁdpm-em?f&ﬁ Q$A0)p§>‘ntti1&%alﬁlbﬁcﬂrldﬁylpi*iﬂhﬂﬁbd“s@@%hﬁkene, are
known in the pri i &%%ﬁ§t1o bx{f' 2@9 gﬂ}ng'o\fets ailgeﬁeg hefn t‘%ﬂ; %es Pat ent s

propertles t her maf OXI cl ose

4,711, 665)%%, 738, 15hnicant weafgll%a’e&enfmth?gﬂ‘w%ﬁ% |tWeanu|5FB|9ért| es of

al kyl napht hal ene desdmreic @f farg dnl spyndlisetac d upriesrenstled been |Gl ndi flaids

Tekhnol ogi ya Topldidit @Jefull\blscgpltgés Qper £8ridd raﬂé%@mp&%@@reand show
prom se as base St ocks ved Ivyscros 1In§ EB ot |1¥3 Rowm bu LS rma
conmposi tions (ref 8@ AE Rerel n © Jexe) ?r]ig rbf)llf‘}al éﬁéf’ bl efins
and net hods or t Héfroxpdathys af%béhlfé‘nﬂﬂdo%‘ﬁg”b&t e Itys‘{r dec ddnchr oni um on
a silica 25 suppornhetadwelbefiesdi el yseedtia LubrScanPatlewdrs £ i cBibA, Md4 and

4,827,073. The pn@ﬁ@es%n&emrhécﬁ&lemnkmuaﬂyqérégoch% ahken gcfr&?%tock with
reduced val ence st de catal yst on Fo ous S|Vé?ca sugalport

under ol i goneri zi'y aé‘bﬁ 38?1 r?"hw%W B4 g0 ?raﬁta’f SR ES R e P L BY Th gh

vi scosity, high \Wideg q%ngd F0oneyaIrHE PR LINIhIIAR dtifetiad ik ddbiisentavi ng
branch ratios |l ess than 0.19 and pour point bel ow -15C Lubricants produced
by the process cover the full range of lubricant viscosities and exhibit a
remar kably high VI and | ow pour point even at high viscosity. The




" 3- as-synthesized HVI-PAO ol i goner has ol efinic unsaturation associ ated
with the last of the recurring monomer units in the 23/06/ 2003 si/hefi4o8:
In the preparation of the novel HVI-PAO |ubricant, 5 al pha-olefin diner
eontai ning ol efinic unsaturation can be separated fromthe oligonerization
reaction. The conposition of the diner m xture conforns to the uni que
specificity of the oligonerization reaction in that little double bond

i sonerization is found. Separation of the diner, representing non-I|ube
range nol ecular 10 weight material, is necessitated to control product
volatility and viscosity. However, as oligonerization conditions are
changed to produce the | ower viscosity products of |ower average nol ecul ar
wei ght inportant to the narketplace) the non-1lube range diner fraction

by- product yield increases in proportion to that |owering 15 in average

nol ecul ar wei ght of th | i rization product. In the synthesis of |ow
average nol ecul ar wei gmoggﬁtgg%%n%lrné shﬁ rstggr_‘r?tr?gylsérﬁ%ﬁﬁfs“%e%rﬂ&d%éﬁs stop at
the diner stage. l4Witensp afpehed, farmeipted withmdditives tpenhance those

i ncor poration of pmbeftiss Eor she b agph2anidngoneri zati on reaction. The
increase in diner by-pragdugke %'uﬁ*o%@gsgdeﬂﬁgﬁﬁg% SLF@luﬁé”gﬂﬂ@Hnal econom ¢

burden on_t he overaé_l Processg_&lo produce usef ower viscosity |lubricant
in the HYP- PAO piUBLSTS:| FushinfdEarss JIFhal PREsE VatPBimatitiveas A3eRtifls can be

al kyl ated with obxsfremei presiire RADL tive gyopasr spadnt depressahed,i ni ¢ HVI - PAO di ner in
contact with an agetient@atplrysis! QifbotycRdaoVel) aipfeat edoar omatic 25
hydr ocar bon cOMeg) b QRS and NG REG! Y] alfie VAL 1l RAO,Alky] at ed

aromati ¢ hydrocarbons retaln the unique Stni o uraI]ly rela eCT. eat ures of
the al kyl ati ng HRReSHACRHYetesaTiCebin JOREPISE "EnFEpgdiaxef Bremical

ext raordi héry cofidshnelbgh bkl qiioja; tVoks L&l p.i #i17-826, himghovemencodint y i ndex
and | ow pour poi b r{¥kn€ Nt cBRHE Ssyt ARBUEEYY a 3 0Inld i rABhe3Pieh & i BRIm BRRE St OCK.
Further, it has Qeen df. und th?t t he dI(—lNI P@g adl F |. aromatic, conpositions
Show i mproved  t ATt EEutavF fymeataddiaseb iy st Iy piiety B NS can be
prepared by usi ngligeweys|apd nes olégopehidgrelopmeab$px ynhdventPA®ettsral kyl ati ng
agent for benzengropyir@efll Alkylated QbémdO(:3, -pafticimphy Aatyenrdt ype aromati cs.
Dependi nggipon th hth\éha@?%ez%sw'iﬁrm@ aF@R0 8 NG P hSS L pent
groups on the argmati ¢ nucleus, useful “lubricant, a di I'ves can be prepared
for inproved ant FREEEANPISPE PFFPESYIeSN F]déFff%’ﬁlétH’f’h%Pb‘ﬁﬁBbé?ti es. More
particul arly) nodisclesedyindf.Sd Patenrat4,l1h§eh, ot.33HAHS hH0¢, 40k and di scover ed
having Lhe Sruckime Bus, ook apercfis oiulyLiputidlgeciysashgone R g1 oup
is e hydrocar .residue o Li 0. < - ene, e
resi due having ay W% 3R PEeST g%eldo&o ﬁm%%glt%g%{c’g?gigj T\c}?eil&rhmﬁg’rlgﬁ‘e

nol ecul ar “fei ght 8p@PweBrPo28W84TTe 150 2pdGhonPTARbTe a% dregatasks el ar wei ght
bet ween 280 and 1@@i&@m€3. nol ecul ar wei ght distribution between 1 and S; or

where at | eaﬁt ﬁng R grs@éelemqsa,rr%&eaeﬁmafhaak Ileyr#pogmu%) (Iﬁel@@n}a& K)é'heg%%#czo
A kene) “whor oi 1t i 200X sorrt Sb s8branoli Aelrs g e o i

ol i gonmeri zati on BfePERtEgOemplaying fs ¢atabist oed Fomim on acoiddta i ons in
contact wk$h supp@pbadhivedieeedisalivadd oxiUde Bsteatsysjs27joee aaet al oxi de

catal yst conpri siyngsarkOWeke ¥A-8EC ol fdes ot By @lcl eash{geoup VI B netal ;

and wherei n the {elel NG, 2 L QUPS. ALE. S0 i°bRSAs LM INdagn. O 20

porous silica support under oligomerizing conditions in an
oligomerization zone whereby high viscosity, high VI liquid

30 hydrocarbon lubricant is produced having branch ratios less than
0.19 and pour point below -15°C. Lubricants produced by the process
cover the full range of lubricant viscosities and exhibit a
remarkably high VI and low pour point even at high viscosity. The



* al kenyl, aryl, NH2, acylam do) hal ogen) aryl, NO2, YO and YS where Y is
hydr ogen, aryl) al koxycar bonyl, phenyl and O - C20 cycl ic or acy@pie/apPRy|
and al kenyl and wherein the remaining R groups are sel ected from hydrogen,
€1-C20 cyclic or acyclic '-5 alkyl and al kenyl, aryl, NH2, acyl ani do)

hal ogen) aryl) NO2, YO where Y is hydrogen) acyl) al koxycarbonyl, phenyl
and C -C20 cyclic or acyclic alkyl and al kenyl . 23/ 06/ 2003 __5- The
novel al kyl ated aromati c hydrocarbons of the instant invention can be
prepared by Friedel-Crafts reaction by contacting the HVI-PAO ol efin and
aromatic conmpound with acidic catal yst sugch as Lewi s acids. Al um num
chloride or zeolite catalysts are suitable.” 5 The HVI-PAO al kyl aromatic
hydr ocarbon has a significantly reduced degree of unsaturation.

Accordi ngly, hydrogenation of the product to provide stabl e | ube base stock
can be elimnated_for h mat er | The process of the present
i nvention for thé®] 5?’%%‘3?1% ?\é{r\ﬁ%g&é’&é% Illga na]tefbmﬁ TEEFBBNs suitabl e as
liquid |ubricant ab%é@s‘?@)é%”brth%d%ﬁtt phy &he GIRYFTIS@ SonesAt At Ay the | east one
al kyl at abl e ar omathetwenpound and Cl12- Cep nono-olefin in an al kyl ati on zone

wi th acidic alkylation mﬁé %@am%{ oIckY Bt 1ORICPRAL i BRe Wher ebY

al kyl at ed 5aromatl c.15 | | rocarb e nono-ol efin
..conprises’a prodE&,\"chao‘?le H&B'Ptab'?mgl‘i’ée “F HHWFE%E?%ﬁa’bPe éepacgted] - 5| kene
under ol i goneri zétqmothecmlndontelrmaslqnnr@omoactmwcmposxmpmrofetﬂhercﬁdan:ed met al

oxi de catal yst. E{haufeem{foaagl Etﬁtﬁ@-hﬁa.'qM@tsE@&mﬂtﬁ'oFQ:h@ Jl@man\é%%ﬂce state
formof at |east g—:rcguo% %mrgeiﬂ Iou%l zlagolmglr_lzr eact. o&wg mxture is
separated and al k ai St A L Girat i ¢ qui d drocar]b%mPel (o) d. In the

drawi ngs, Figur eS‘!PaFétla"(Pén%‘ar’-'il%h WTFAG@Ed‘OPMUbPA@Wmlm% Figure 2
shows a cdnapari sesight miterfiar, BAQ:@ash thhdd- RACNt2&L Er@uttev&atiﬂm)stah@t es the

possi bl e di mer St,{geeame%wv@m ta?%l?éoln%?ﬁxb@%%\'&@l&g a]reC‘%E %ccordi ng to
t he HVI - PAO proces I nve ons

el Ul ng. Subst s PIRMEE Ayt SieRy BERE o P ay Tt SR e RS TR of
ol i goners produceeiight qurﬁenf-oliq gmwkzmlmm ge fonglybenrasgd dimeont act with 30
reduced chrom umgeatict BA-psddut € fiddpinetdases\sn Plro@etdni c?oe@lmtﬂae&qné-l\/l - PAO

ol i gorrers jare X} qwsaggfmoﬂézcg;%y%ig%ay'cgg%%g&gg%&bz SUALEY n Qhe 171 21 kY]

nono-ol efin ollgorrers ‘ment” of the

present inventi oMMESHERE 1V ASPAPESCRIBTHAT (5HERE SHigonsFS: sihsepiddd by
al kyl ation of aremsmisef psedugtuntapust nipn dinglr eftage .dimrers furaeljcedyas a

by-product in therdivherPAQ elel ARWRIT ZRbIRRari8RGE A0EASiAkky hat-bay agent. The

al kylate pr Oducedhgomenzauon reaction. The increase in dimer by-product yield

20 represents a substantial economic burden on the overall process to
produce useful lower viscosity lubricant in the HVI-PAO process.

It has been found that aromatic compounds can be alkylated
with olefinic HVI-PAO oligomers or mono-olefinic HVI-PAO dimer in
contact with an acidic catalyst to produce novel alkylated aromatic

25 hydrocarbon compositions. Unexpectedly, the novel HVI-PAQO alkylated
aromatic hydrocarbons retain the unique structurally related
features of the alkylating HVI-PAO olefinic oligomer and thereby
exhibit an extraordinary combination of properties relating to high
viscosity index and low pour point which makes them very useful as

30 lubricant base stock. Further, it has been found that the HVI-PAO
alkyl aromatic compositions show improved thermal stability. The
HVI-PAO alkylated aromatics can be prepared by using very low to
very high viscosity HVI-PAO as alkylating agent for benzene-type or



Y, as synthetic hydrocarbon lubricant has a typically |ow viscosity and high
viscosity index. When al pha-ol efin, such as 1-decene, is oligonet3/2etq0d

t he HVI - PAO process products with very high viscosity indices and | ow pour
poi nts are obtai ned. Retention of the | ow pour point properties of these

ol i goners upon hydrogenation, a LO necessary process to inpart good

oxi dative stability to the products) requires renoval of the diners to very
low I evels. In the synthesis of |ow viscosity fluids by the HVI-PAO process
a substantial anmpount of the 1-decene is_gl%_r_rer. This limts the yield of

| ube range product and gives a substantial anount of by-product. 15 The
diners are separated fromthe oligonerization reaction product typically by
distillation inorder to neet |ube specifications such as volatility,
viscosity and pomhPRhHe-cRef R8s t j S i f the
olefinic oli gorrers? léHlil/I - Ptfé\%)g ﬁggddngss getpg}r\ctg#gn%pgrﬁattg?\éﬁ yﬁ)gﬁt%ﬁ@agr esent 20

i nvention is conpaf tdrwgfl'?“fih'g‘f" SPSCEMRRE AT oA FEAmBRisoRUSifUss ( PAO)
prepar ed From 1-éefendubrieany mdd] tides oan We tphepahed Aoy emprpedugedweahr omi um
catal yst descri bpdpheie,naftiexidiass sGefprder€i@ger substantially free of
doubl e bosnd i soneri zati {.on A the ot.her han ronot ed by
BF3 or AlCl13 forms a czyra B%ﬁlg:ﬁgr#%}%%nﬁgmrégﬁlg&tduir}ﬁ?a%?M’P(S%’dbl%ggneri zation
of the ol efini c KohdeahditarLened Mautngoteos tTHEAUES pl e i soners. The HVI - PAO
produced in the present invention has a structure with a CH3/CHZ ratio <
0.19 conpared to a ratio g@f 20.20 for PAO {igure 2 gonpares the viscosity
i ndex versus viscosity 30 gelayionship for HfSADand PAO | ubricants,
showi ng that HVI-PAO is di al,ti ntﬁ y sﬁgeri or @@- all viscosities
tested. Renmarkably) despiRetfe nore regul af ructt®e of the HVI-PAO

ol i gonmers as shown by branch ratio that results in inproved viscosity index

(M), they 23/ QetLQ03 east! one R nﬂ%po Ul d %Jlfoéaz%gf’%é x‘aﬂ? %gmtrﬁé' -

Concei vably) oligoners of reg%l 3{ strycture contal nj ng i soners woul d
be expected to aneniztion 8h Cothionikoatkety thenprsidyeuhavdnmacdrandher pour

poi nts, r¥duci ngratieicf lass Ithany0 s, |webglitcavetage wlitcul stinpighsibaglegn 230iCh iS
not the case ForaiMsoRRY0, Usmskrasesigt hdibcudhelb fint bebilien Slskhat 1 on reaction
of the present |ﬁga®$)| on cluﬁm_hges1 pte%nstfrg%ur%gotﬁat thg&gr cess descri bed
herein to produce ' BRES TgOmér's “CHA DE ToRT ™ £ o5 yTTeMEr I3t goner s
havi ng wei ght aVeAslyeneBl Heuwr &PuPRéIeghan By heapHPZote a3ty U8toup00 and 10
nunber aver age nwhprisimgr theehgirocarbfwasiety 86 thahldfnidAtner dreasured in

carbon number.s, d10¢ €Cilla3kendCivf r 1 . iscosity up
to 7500 nmmR/s at glg}gcg;w %nfa §{%¥€d§i?&£cr ﬁgg%&%gb&tgpggfgg&g%d a
viscosity of up Yo™PFo0dEMEEI AR thoe orl -PIkERS HadeZ Udermerizationi al .

Mol ecul ar wei ghtcoBdiddenshin iconacy Wie) yuppsrtadredisdd ae talhexidatcatalgst wei ght
average nol ecul athetna talighinle @itelyageonpieingl Anowei Glléncer AAGE f6mOse 4. 00 to S,
with a preferredehan@foupfvih. fitaiOai aiHeth MY ?engirﬁ];xgrRr g‘q’géél\gf f1.0S to

2. 5. \ﬁscz%sities Ef thef olﬁ; ni c | -.PAO ql I goners Use yl ati ng agent
measured at 100C°rEGHEe FEPY .°§"r¥r|;g/ G20 5007 RIS 3l #K general ) the
HVI - PAO ol i goneradkennke arhle Fiyl, | Tl v de e baliogen, hastl, 10yt ¥ hnd 8 uct ure where n

i( ? E)rZ ef eg abl'y g uherel ¥, ist RydFbgdear iaagl i Ellk(akﬁfai-%hﬁl,_ll{ﬁﬁa ueRd hﬁ%%'_ ( le;ﬁ*) PZOZS

~(2~n 3~ wit : -t o- nnect j, ons. e as-synthésize -

nol ecul ar str uct%?gﬁggrﬁggﬁﬁfﬁgﬁ?g %ﬁeﬁggn 6Iaé1§bwgﬁlaﬂlﬂntz‘5t‘¥?%‘f?i‘%3 "1 he

HVI - PAO process $PRILFEsSH e pion i mgTopeni fpley c¥Hdc wserueligi mer conpared

to the di¥er prodidedndylkengl kené, oH, gemerniziat ihatogen f Acyd) NBE3 vor ALCL3 as

]g:orrrrgrflh altly pr ambic @dis M)Rbgedl laky1,i RikoRaFYARPENShehV &Rl £OR 1t has been
oun at a sign

i.ficant _pro on .of, unhydr ogenat ed di ner£¢ed 1-al kene
has a vinylideny e U f?%émggh{%l 8V\7‘sl:ke'€|l|2- CR1R2



*23/ 06/ 2003 __g- where Rl and R2 are al kyl groups representing thz g@%i gue
fromthe head-to-tail addition of 1-al kene nolecules. For exan‘ﬁl3 9 S2cene
HVI - PAO di ner) which can be used as the alkylating olefin in the present
Jnvention, has been found to contain only three major S conponents, as
determ ned by GC (gas chromatography). Based on Cl3 NMR anal ysis, the
unhydr ogenat ed conponents were found to be 8-ei cosene, 9-eicosene)
2-octyl dodecene and 9-net hyl -8 or 9-nethyl -9-nonadecene. O efins suitable
for use as starting material in the LO preparation of ol efinic HVI-PAO
ol igoners include those olefins containing from2 to 20 carbon atons such
as et hylene) propylene, 1-butene, 1l-pentene) 1-hexene, 1l-octene) 1-decene,
1- dodecene and 1-tetradecene and branchét-chain isoners such as
4- et hyl - 1-pentene. Al so suitable for use are olefin-containing 15 refinery
f eedstocks or effluents. However, the olefins used in this invention are
preferably al pha olefin,c as fo xanpl e 1-hexene to 1-hexadecene and nore
preferably 1-octene to Tgtr’@f’?]aag%'gﬁ'@? %me&ﬁﬁ‘fr@ga%?"ss& A"DBTRRS. HVI - PAO
ol i goners of al plnaentiiet icas basadpared thifsi¢dey<iraf tonreaotioawe contamnidgr anch
r?t iho o:‘ :c_ess lthuﬁhB @Ilﬁoa@dfﬁuwL%adiubian@aﬁuhngttpraemetciaeﬁéepm ed to the
al pha-ol efin ol i goper al u . nown
comerci al met ho SE“R{% %%Qp%é#;%@gtﬂﬁﬁg‘? °h\7}e!’§k68°§f§3?% g%I %41iq#;leéui tabl e
for use a% startTHig™iatAQr 1kr1qrAmatie hptreparban ihdh 2otignifdFansix redicedAO 25
ol i goners and t hieglse pf adsaxtiratiorer Adassrid ngly, Stydrdgemy israv®erthalpredact he present
i nvention includgothRs&a0]£hidaspdsntalintivé L1RiRade@ 4P High RPN .8 YM® such
as 1-hexene, 1- octene1 1- decene) 1-dodecene and 1-tetradecene and branched
chain isomers s *HE - met hyl - 1- pentene. .~ preferred 1-al kene is
1-decene. Al so suitabl ehemroesss ofr the3pregents nyeridar 40nithe presfarstépy of
f eedst ockso or ef fikypitbfacidng@todimbad sidhbRAG al hid-1abktint wisk §oBELE are
prepared by olig {ijvga%?j“&tlsgfacti ons in which a major proportion of the

Y

doubl e bonds of the al pha-olefins are notad%so%i zed These reactions

23/ 061 2003 __g__ i ncl ud@ EAHHE- 8 &735h BEi 8t370TREEy COTRIPYY £¥Y net al
oxi de catal ysts, Ci5uCfy mmo&rleCionpoamasdkydation| jopa with etidéc askyipdoned | UPAC

Periodi c Tabl e GRYBsY BiePIPGURAS OhA tEetsalMstebpRlky1RtAl Sohfdci s a | over
val ence qfup VIE nﬁfﬁlﬁi Xl ge Qn an |Qder1ihesh%|gggteﬁnpéoef eLrSrsed Srr?]'a‘u ports

i nclude sitica, al rogarPahita PTIYTda M TR n T e TBE SR &) LRRFWtm
phosphat e and t hef PY10sodushof stheRIigomeEzaEion| ofbberso £ PAIKeREL WideBxi de

cat al yst. Those ¢@Hgonesisitbai caiibsioha\in gnaacpoiich cupported efudd reealst 40 x

10-~mm (40 angst ;,QHE )cafhi§sr MeEhdiat-oxIdte cstialif ScdnpRbig £ 19faldiahles from
1-decene | 0 ol i goner |§zat I gn%t Ior %xan%ﬁ,m Qé ”ﬁfeé y | - tAg) Er OSESS are Eour
general struct ur &%°F S8MPS 3°n AT CF™Fwo i T tndfe 3t 2‘(}; BHuets have a
pair of ddubl e bwiguisots sersrated adnpikylased aremasic Heydd Bytpeaibemati ons. 'this
gives ten possi bteo¢dre@sr structures from 1-decene which are shown in Figure
| . From anal ysis of therprdutiidy, Bigddr £ 197 BdanaeNat edo dhper
structures 1) 2 and_3, shown in Figure 1) are the major diner products
produced from 1- EWesﬂt Y6iteri zati on with the HVI-PAO process. The
support material usual | §ighess 2ishgys 8 rompasésamy @fa VhiAar PA? ged P¥H-8AG0l unes with
an averages pore size ofriglrex 31 1astraxes HeXpodéiblO-dTmen schx@ubdsghroiuiieace ar ea

s beneficial fopgupnerkifidat Lae.AMRLAL & bl idbngksle, active

chrom um netal cenfers anE&PSé gi ve  maxl mum ef fi ci epc f" mefal usage,
resulting in very high Hcths PIaertatHeysion *Fﬂ'%“é%ﬁﬁg?%/“g?ﬁul d<hsee | ar ge
aver age pore opesuwbsgituodd hrdrbeagbens4(rrg alBylaged pith wnigest elediy) pligiondrsan
average 25 pore pRAMNEATrh dheQb1Xgoherizatien300 xali@neyTin Reicag: pi@f erred. This
large pore openi g, wif L, nol 'meé%nam-%' 2@@&&9%‘ oGl &4 ! QFe gf the
reactant ahd pr oduc 0 and away fr om t he \Cf1ve catalytic he al center S)
t hus further opt H-Pithgligpeete AT4| R ETUTH? (?(ﬁLf’dtaPVilt‘S}."YlAflgéF adrl.Ehi s catal yst
to be used in a fiiatkeel bedrialksl wonoyore€trebbigo@dsand to be recycl ed and
regenerated many times) a silica support with good physical strength is
preferred to prevent catalyst particle attrition or disintegration during
handl i ng or reaction.



*The supported netal oxide catalysts are preferably prepared 2233/ g?ﬁ(}%?
_10__ by inpregnating netal salts in water or organic solvents 48P 5 e
support. Any suitable organic solvent known to the art may be used, for
‘exanpl e) ethanol, nethanol, or acetic acid. The solid catal yst precursor is
then dried and calcined at 200 to 900C by air or other oxygen-contai ning
gas. Thereafter the catalyst is reduced by any of several various and well
known reduci ng agents such as, Eor exanple, H2' ~3 ~ H2S ~ ~ 2 ~35~3 ~
~3SS~3 ~ netal al kyl containing conpounds such as R3Al, R3B, R2ZMy) RLi)
R2Zn, where R is al kyl, al koxy) aryl andethe |ike. Preferred are CO or 10
H2 or netal al kyl containing conpounds. Alternatively) the G oup VIB netal
may be applied to the substrate in reduced formsuch as Crll conmpounds. The
resultant catalyst is very active for oligonerizing olefins at a

t enperature range fromihehotiet Gabodieampestatier present? Glentibn A spiceegudr e of 10

KPa LS (0.1 at mogpherln t0bdshg d:8%rmiaR vhSiiky 1 CON 0L IR Qs hPth the

ol efin and the catal yst can_vary from on sec%nd t ours "t he at al yst
can be used in dnhRECHnPIPIelt indietsy P9AuGer a3 EiOYe °g‘§d,1ncm?tWG%‘\.9$-flow

reactor. |n genedigometigatiopperttiomperniliilanmy dzentddid ilbykatsproduceh 20 of
the netals coNpouRdsmtiRtde hydeEr8bES Uit chitt Hadt £3ypiehQy, 1R stdReeyThxd Ure is

t hen m xed and dri.ed.at a P i el is purged at
successi vel y hi g{%ér?qf%ﬁ%{et?’am&%’g%éa%gg%o%%érgghq[léeﬁr ?%é %Tcng ¥o 20 hours.
Thereafter the cdiggmgrized 4n§8|HE-PAR PAPCSSH P PAUSE T PhEary higha t enperature
of 2S0 to 450C anskaaist ieAnesoind? bowppoue podnltsc aregolagéned. iRetan@dnact €kl

therewith for a pgry E & 8N thdsRAUG LM r 89 0Q, has
passed t hr ough tlg rﬂggﬂggnﬁﬂper%%& 2 b chxt m?ﬁ%??ﬁ%t gcoI or

catal yst as, i ndicated by,
change Er'dm bri g\feS5FBngFoEE SpH @%Fh@?%%gﬁglvf’ﬂta‘f‘ﬁé%é‘l &M§st is treated
with an anount afroddOte,qoéquatesntemplaoft tite fligleds go oiechilomievele. dxabss to O
reduce the catalysthet s 8f hoWREs4e] NORILST b} hd AVEPadiphstely ot he catalyst is
cool ed t_O room ts%gPﬁ%{\?itaWaemo&}Q.doEl §her ?-?dggerieo{s H?ﬂ%r ‘EFE% {mggéjcélt\e Olul.lgomsr s _have
a very wide range of Viscosities wth high viscosity indices suitable for
hi gh perfor mancet 1us/mpgeatpgduct and g1vgp 3 sustatizls atourh of dyorrgductel i gomer s
al so havetlsat act i The Mihe@cub@r sephrated Wirem oie nhigbherizatidorenchiadprodudtai |

connections W t hypi®1 h6pd15Q11886h [¥RECRNNBEL LQRSsPebi f1PS1SHS Wedhur €. These
| ow branch ratio ol high,viscosity indices at least 15 to 20

1 oigers have . 3 VLSeosit

units 5 and typi®ald 3': 020" TAPYSY APGRET PRAN equi val ent viscosity prior
art ol i gomers) which r &gfaraingy thEi@reilgHde rifisels phithe olefiaic

correspondi ngly digydaers/ (IVIOB0D) Yused ds CRartidg) @aceri sMVE by gieC Predbiatgoner s

mai ntain petter QUeLoNP AhGr ROV thPAIaRlE <l RERIGR1FALLRS Hﬁ%' ned as the

rati os of CH3 groups to 10 gr,oups the |uybe il are calculated from
the wei ght fract 8%k PERParRs: 1@%&}8%' B&@f’ﬁéﬂ“ﬂ? WLHY FOf B ehdervEe
publ i shed i n Anadhy¢riigmlcaGigst descyibeddiereingftegioteadxo pn aldp@ef 19S3). Branch
ratio = wt fractdug§kaqtial®f rek §0doubié bond fedu@PILaOloAPICoieRtiRndOPATE
fol | owi ng exanpl .,0f o l3e HBELPRLALLAT, ke M ARAQ AIG! L Ysgd,ps Starting
material in the present .Invention are preésente 3ETE e Jo_r i 11 ustration
pur poses &nd ar elRotichi® f4BY PE™P 4R 1SOPgTé*aigha 6¥‘e t°¥ Bt adnyent i on.
Exanp |l e 1 20 CathalfipstatPerepbimut iipke dsnterst TheaflVIoPAOPprdeatdrim thed grans of
chrom um (11) acsbadn® {neenkiGORETR) AR &idh0a TADIcE) coQeRI0d al |y
obt ai ned) is di ssol%ggl tional 20 1'31 OEO;O ?Qtfo@q,%i c acid. “Then SO grans of a
silica gel of 8- T2P3resh s ze§ a sUrface area of 300 nZ/g) and a pore
Figure 2 compares the viscosity index versus viscosity
30 relationship for HVI-PAO and PAO lubricants, showing that HVI-PAO is
distinctly superior to PAO at all viscosities tested. Remarkably,
despite the more regular structure of the HVI-PAQ oligomers as shown

by branch ratio that results in improved viscosity index (VI), they



*?5 volune of 1 nm/g, also is added. 'Host of the solution is absorbed by
the silica gel. The final mixture is mixed for half an hour on 23/p0t220ap at
roomtenperature and dried in an open-dish at roomtenperature. First, the
dry solid (ZO g) is purged with N2 at ZSOC in a tube furnace. The furnace
tenperature is then raised to 30 .100C for Z hours. The tenperature is then
set at 600C with dry 23/ 061 2003 --12- air purging for 16 hours. At this
time the catalyst is cooled under Y2 to a tenperature of 300C. Then a
stream of pure CO (99.99% from Mat heson) is introduced for one hour.
Finally) the catalyst is cooled to roomtenperature under NZ and ready for
use. S Exanple 2 The catal yst prepared in Exanple 1 (3.2g) is packed in a
9.Sr~ (3/8") stainless steel tubular reactor inside an N2 bl anketed dry
box. The reactor under N2 atnosphere is then heated to 1SOC by a

si ngl e-zone Lindberg Furnace. Pre-purified 1-hexene to is punped into the
reactor at 96S kPa (140 psit) and 20 m ﬂ; The lbi gui d effluent is collected
and stripped of ¥ APHF FREYEFUBEEPT iR Hat8PFeAr2°And CHERPHSi 95 FigUlAft eri al  at
7 kPa (0.05 nm HgYructhne copssiitingl fewér dsomeroWorlidelss etpequaddtchbaveviiighasi t i es
and VI's suitabl &)a8ifacd by irepetaASCarst ﬁ’%lﬁer $6uSpaRL S, Péa%Eihg the?r 3

T.OS (tinme on s tricfatr;;)%]s hAr.. i%@gsSBS'SSH rlr be Y el.d, wt%ol 4J7F 74 31

Vi scosity) me/ sgwaf 20 AHE AT 5 B0 EP A1 665 11 0BE D8.F59 0 14. 5
20.4 VI 159 151 HUsPMqusetyasnplasing Siefin an the kdaplas ceacionodstiecat al yst
sanpl e i s char gepreaénti Mventibe, r eact or and 1- hexene is punped to the reactor

at 101 kPa (1 atm and d0ndyl odifl el knad i SRQUL BEICOWeq el RO LT NI N

viscosities and high VL's I1s o uns show that at different

reaction conditi BiPdyceaNIGRY0 phigemsct Bf ORi PREIALLTDES Pigld *UAROMSES obt ai ned.

23/ 06/ 2003 - - 13- haBampWeight Bvarage Folechiar. wighe bedweap 28C 000356000 abe Yiel d, %

%(2 8|. 0 211%8208&&5&8 ayé’f’&l 24 ﬁuoﬁkul/‘h@@lze;@:ﬂ:metw&xlisd &QQlﬁ)Z@oolee_%sMeciéké 263
anpl e c I ci ic ont ai_n on a

| ar ge- pore vol urrg%nnf%ﬁ@tefc’ é@lg?ucl%l- éjgfﬁ\ltgquag%é/d.%&?\agocaqt gl%@@@ al"é Fi rst

cal cined with ai F1S58S1800€ Yof>0P6™h6URE 18?13:’r‘éidﬁcaea§%ﬁf‘f‘ﬁdcf(§‘& °800C for 1.5
hours. Then 3.5 %}iﬁoto Chg caddad ysicos gypHckedoilit® ma Asubul e Crieact or and

heated to 100C un@@rpade NebdORARr AL MBS PRSI & weight distributions (MWD),

15 defined as the ratio of weight average molecular to number average
molecular weight, range from 1.00 to 5, with a preferred range of
1.01 to 3 and a more preferred MWD of 1.05 to 2.5. Viscosities of
the olefinic HVI-PAO oligomers used as alkylating agent measured at
100°C range from 1.5 m?/s to 7500 m%/s.

20 In general, the HVI-PAO oligomers have the following
regular head-to-tail structure where n is preferably 0 to 17,
terminating in olefinic unsaturation:

-(CH,-CH) .~
( z(mbn

25 CH3,
with some head-to-head connections. The as-synthesized HVI-PAQ

molecular structure generally has one double bond unsaturation. The
HVI-PAQ process produces a surprisingly simpler and useful dimer
compared to the dimer produced by l-alkene oligomerization with

30 BF; or AlCly as commercially practiced. Typically, in the
present invention it has been found that a significant proportion of
unhydrogenated dimerized l-alkene has a vinylidenyl structure as
follows:

CH2=CR1R2



15 1- Rexene is punped through at 28 ml per hour at 101 kPa (1 a%ggﬁﬁggéiy.
The products are collected and anal yzed as follows: Sanple CD MORSH
hrs. 3.5 4.5 6.5 22.5 Lube Yield, : 73 64 59 21 20 Viscosity) mR/s, at 40C
2548 2429 3315 9031 100C 102 1S1 197 437 VI 108 164 174 199 These runs show
that different C on a silica catalyst are 25 also effective for
oligonerizing olefins to | ube products. Exanple S A comercial O on silica
catal yst which contains 1% Cr on a |arge pore volunme synthetic silica ge

is used. The catalyst is First calcined with air at 700C for 16 hours and
reduced wth CO at 23/ 06/ 2003 --14- 3S0C for one to two hours. 1.0 part
by wei ght of the activated catalyst is adtréd to 1-decene of 200 parts by
weight in a suitable reactor and heated to 18SC. 1-Decene is continuously
fed to the reactor at 2-3.5 parts/mnute and 0.5 parts by wei ght of

catalyst is 5 added for every 100 parts of 1-decene feed, After 1200 parts

of 1-decene and 80§F&rtisand Reateaprit LEP@SCHRFGERY B Hde Jeakds Gr8mstirred for
8 hours. The cat aheydeadi-so-ftailt aidétioand tlreldeng mplesubadudior bakrtrilag bel ow 150C

@10 kPa (O | mm Hgdechse BHI-PARPEGhe r,THRIchaSh HealseAr RduEt alik§1A2YRY gpepat ed with

a H on Kieselguhr catalyst .at_ 200C., T fi.nLshe roduct, has a
viscosity at 100C'or* P87 n%n%ﬁyeg)%n\l)l’ hafc’%%?'léqg‘ﬁn& t)o it Pnﬁ yo?hr-e"s@q%“Exarrpl e

a
_ olr pol
6 Exanpl e55 is r Ep@aReys, axdeprmingd Wellc{sa9nchrapirasepie Gaged om € " The
fini shed product NMaanayyissChei injtydrbgeh@43 cdmpdrebesl Gementouad tVlbeof 214, pour

poi nt of -40C. Exafp) BXAMNeRe Saloitf ABRRERA ane ¥ Giekly1L 86 M €act i on
tenperature is 1(38%9 %ﬁz’ fini shed proé%ct has a Vi scoltgity at 100C of 798

m®2/s, VI of 246 "V‘F&hypldg'rm fi*®of -32C. 20 The fol lowing table sumuari zes
t he ol ecul ar wei ghts adkkfihisssyiitdhlei fonsusefasExtarpingsnagettigl An tfeanples 5 6

_7 V @00Gp MR/ $rdfrariddtor 298 iMlc kb pibl4)igdherdSindUiibeihody 819 nol ecul ar
wei ghts) MM 167Q

e : _
4411 13290 nol ecufnﬁt(rgﬂéenggt%?m %&%%f%ﬁ%f&?% %%&TL%I%@H%Q@E o 2420

l-butene, I-pentene, l-hexene, l-octene, l-decene, l-dodecene and
l1-tetradecene and branched chain isomers such as
4-methyl-l-pentene. Also suitable for use are olefin-containing
15 refinery Eeedstocks or effluents. However, the olefins used in this
invention are preferably alpha olefinic as for example l-hexene to
1-hexadecene and more preferably l-octene to l-tetradecene, or
mixtures of such olefins.
HVI-PAO oligomers of alpha-olefins used in this invention
20 have a low branch ratio of less than 0.19 and superior lubricating
properties compared to the alpha-olefin oligomers with a high branch
ratio, as produced in known commercial methods.
In the preparation of HVI-PAO dimers, olefins suitable for
use as starting material in the preparation of olefinic HVI-PAO
25 oligomers and the by-product dimer used as starting material in the
present invention include those olefins containing from 6 to 20
carbon atoms such as l-hexene, l-octene, l-decene, l-dodecene and
1-tetradecene and branched chain isomers such as 4-methyl-l-pentene.
A preferred l-alkene is l-decene. Also suitable for use are
30 olefin-containing refinery feedstocks or effluents.
Unsaturated HVI-PAD alpha-olefin oligomers are prepared by
oligomerization reactions in which a major proportion of the double
bonds of the alpha-olefins are not isomerized. These reactions



23/ 06/ 2003 --15- Under simlar conditions, HVI-PAO product with_vi scosg

as low as |.5m2/s and as high as 7500 mR/s, with VI between £36°0%474° 330,
can be produced. The HVI-PAO al kyl aromatic derivatives of the present 5
invention are prepared in a Friedel-Crafts acid catal yzed al kyl ati on

synt hesis. Acids which nmay be used as catal yst include Lewi s acids such as,
but not limted to, BF3) A1Cl3, HCl, HF, HBr, H2~d~ H34' P205' S03, SnC 4)
FeCd 3) znC 2, Tid4, SbAS) acidic zeolites or acidic clay catalysts or 10
anor phous al um nosilicates, particularly zeolite such as HZSM5 and

organi c aci ds such as R-503H where R is--@-polyneric resin such as

sul fonat ed pol ystyrene. Preferred catal ysts are ALC13) BF3, acidic zeolites
such as Zeolite Beta, Zeoiite Y) ZS~t-S, ZSM 35 and Anberlyst 15,

obt ai nabl e from Rohm F, Haas. 15 Aromatic conmpounds which nay be used in
the present invelehh alpta-oksin gbiorerizadoniy URARAIBY Mt @i exfidfenzene and

pol ynucl ear ar onmatalystgnprhiasi &, cgpodnds wnasilycanaphthal epportantibpagcene and

phenant hracene. gexaypl ngqucsaﬁﬁfv% B IR Gmbyéarcacyé}{ 9,9&8 F&F #et?elspi esent

i nvention |ncIu e benzene, ene, nf T
pseudocunene, V?‘béﬂf@%cr‘?‘fpt{'re‘gd?f‘%eﬂ’?gﬁ i‘fhr‘r‘éeﬁé)s“‘ﬁg“dﬁtﬂ%ﬁ’zeéne

i sobut yl bianzene)suswibunyﬂuwenZBNe, aﬂl@rlna,bmwbenzlém@a ajungyavemgnesiaphenyl |
di phenyl net hane)ammmﬁ@nw hawt hangle 1ike: dinphempbet hameiAnsingi thiar |y al kyl

b d hol | ph I
cupet vt naprital e b HBedoeie Sustrl it A hERPrs o by

car bonat e and dlﬁfh%‘hﬁaséaﬂrob’f)ﬁaté‘m (4P iepesirardl a"s"u&‘}? ¥Feéni sol e, chloro a-~
br onobenzene, aniline, Ta¢ dimeaxnithanarsvbtaiasblacebmni-ddcdey net hyl and

et hyl benzgat e, tJl'xQdRaQPiQQhoﬁ]”%@%ﬂnﬁ@db} Qh@ﬁ){b?@% )prEHeE£ ape %@

di pherryl et her, Si t ut ed napht hal enes
and ant hr acenes, % gaﬁ'c¥‘l’c(§ﬂfaér it vslat H‘o&lcéut(’f’ﬁ ’ﬁéerﬁﬁﬁé’??ﬁiﬂ RIPHRFET oxy

napht hal ene. Thehaa1= lay pair orfadqublenhendorasi bHionalc d#RTesy plusncisf tiahe present

i nventi on have tdoRfifgatdt@asngrhss rgivedsutet: poss bk MR ASOOGructutes R R Z / R ' |

~, RR~-RRRR Ebeené wﬁléfﬁngr RS?BW!?IB ﬁguR‘eRl V\A??J a.rﬁtl di§ t@%f‘%fg&%r oup is

the hydrogcarbyl HVI-PAQ resi he gtrué/merl zatibn-o - al kene)

t he resi d]l?e hav'métgemfapyéﬁogenated dimer, tures 1, 2 and 3, shown in
Figure 1, are the major dimer products produced from 1-decene

oligomerization with the HVI-PAQ process.
The support material usually has high surface area and
large pore volumes with an average pore size of 40 x 10‘7 to 350 x
20 10"7mm. The high surface area is beneficial for supporting large
amount of highly dispersive, active chromium metal centers and to
give maximum efficiency of metal usage, resulting in very high
activity catalyst. The support should have large average pore
openings of at least 40 x 10~ " (40 angstroms) with an average
25 pore opening of »60 x 10 7 to 300 x 10° mm being preferred.
This large pore opening will not impose any diffusional restriction
of the reactant and product to and away from the active catalytic
metal centers, thus further optimizing the catalyst productivity.
Also, for this catalyst to be used in a fixed bed or slurry reactor
30 and to be recycled and regenerated many times, a silica support with
good physical strength is preferred to prevent catalyst particle
attrition or disintegration during handling or reaction.
The supported metal oxide catalysts are preferably prepared



Tatio | ess than 0.19) weight average nol ecul ar wei ght between 300 and

4S, 000, nunber average nol ecul ar wei ght between 300 and 18, 000,2386£O9Par
wei ght distribution between 1 and S; and wherein the remaining R groups are
sel ected from hydrogen) C -C20 cyclic or acyclic alkyl and al kenyl, aryl,
NH2, acyl am do, hal ogen) acyl) NO2) YO and YS where Y is hydrogen, aryl,

al koxycar bonyl, phenyl or O -C20 cyclic or acyclic alkyl and al kenyl. In
one enbodi nent, LO the al kyl group conprises the hydrocarbyl noiety of the
ol efinic dimer of C6-C20 1-al kene, wherein the diner conprises a product or
by- product of the oligonerization of C6-C20 1-al kene) under oligonerization
conditions in contact with supported reduged netal oxide catalyst, the
nmet al oxi de catal yst conprising a | ower valence 15 state form of at | east

G oup VI8 netal; and wherein the remaining R groups are sel ected from
hydrogen, O -C20 cyclic or acyclic al kyl and al kenyl, aryl) NH2, acyl am do)
hal ogen, acyl, NQZ)mpY@raﬂngﬁwmemsm Satlayd)rrO(g@Emca&byl/éntQUﬁ@d()tE@-l’ bonyl :
phenyl and C - C2Qp6ie! | GnPLuAGY! bafld d1vBltd il 2¥1e er Gy, the

hydr ocar byl H\/I - residue referre above conprises a vin
radi cal having t é CPMIEL GrRanol.modhang), Z%SCG‘IiéCT‘P %#Yﬁl CH- CH2R2

where R and R2 prggutser ab itken driedi4nflesadpinedirad ZAnpr P@ECtbbrealler Prer S
ol igonmerie moi ety E@vemam@egﬂ almr&se& tie Ee&'a!.ysrteﬁe@édhw & rahl,%t" e of

C2-C20 1-al k ChR 1 at| bl'y bet
0.14 and 8 1Sneﬁe%{1ydvrac’>t°“ﬁba"f* "ﬁv?“ﬁ% Fe Sdz‘c’d‘ﬁ gﬁﬁ‘if é%cﬂf%ﬁen %2%’\70@1‘162\355200

carbon atons; pr&heipbity, b’@‘ﬁmé%y_n St Sae CHp2¥dgimetaloatkyl 10 In the fol | owi ng
exanpl es the pre@atsini@ncaboirie sacy ak RM - PACR Mgk \ALaY agat,i cs of the present

invention is desv%wﬁdl Qﬁ ihah{oquw Lade§hecefmar QQeE%PTetdhfrel_M 5RO ol efin

used as al $<yl ati rry of g of al um num

g a
chloride ih 20Qn€2 of ?'cf’lluael gl nE“téfmr"%cfﬁﬂ"Q rature is slowy added 102g of
t he HVI - PAO pol yal pha- d\lefmnacingh theviroup il el magnbepApplimhsaurtkel at 100C.

The addition is Qbsératelif r8@ucdd fotm kaen a;shermecfm@maw %ebeémeaagc- The
e 1S SUEaghen 2ot 3 J1p8.sReet o L) el pashed
distillation at PPeTirm H@WP’&""{ CETPRRILUFD tPe?éB\fePt ﬁh@%?%?l"&tl%hpapr oduct
(product 13. Usi {fyltaisosphere) prookksikea 4pEDOHAL) PAGhwaLeftime af bsthathd ng

galt eri ?I , ani 30| fle@ﬂﬁaxmamu bah©Re @hey !{‘ﬂﬁb@bg:seé’alnarkotf@h&ﬁ@m 1S pr(ezegg ed
el ow for produc i s_Exanpl e i ons

are carried out ‘fars'f é’ g Cﬁpa%ﬁp%ﬁgrmez? %ﬁfs‘:h HPRISROIOE of Q&&I}Sfedg | - PAO

pol yal pha- ol ef i ncagfinuoys=flow-gpaovos. measured at 100C is used as the starting
material and tol ~~e. . dn geaeradotheusippeat mitesial anapitd sddpdichal esiatfone

al kyl atedao I n thg: B oot NGupRRS &gt Nacs@EM bF rebraBRAMRles 130 2pg 9 are

mixture is then mixed and dried at room temperature. The dry solid
gel is purged at successively higher temperatures to 600°C for a
period of 16 to 20 hours. Thereafter the catalyst is cooled in an
inert atmosphere to a temperature of 250 to 450°C and a stream of

25 pure reducing agent is contacted therewith for a period when
sufficient reducing agent, such as (0, has passed through to reduce
the catalyst as indicated by a distinct color change from bright
orange to pale blue. Typically, the catalyst is treated with an
amount of CO equivalent to a two-fold stoichiometric excess to

30 reduce the catalyst to a lower valence Crll state. Finally the
catalyst is cooled to room temperature and is ready for use.

The product oligomers have a very wide range of viscosities

with high viscosity indices suitable for high performance



23/ 06/ 2003 -_|l g- presented, The results denonstrate that the al IérerOaGt %103
products have very | ow unsaturations) as indicated by brom ne nd e|/, and
retain the high viscosity and pour points of the starting HVI-PAO ol efin.
Accordingly, the unique structure of the HVI-PAO noiety responsible 5 for

hi gh VI and | ow pour point survives the al kylation reaction. TABLE I
Aromatic Brom ne Lu~ricantPropertiesProduct Gou W % nunber mmJsel00C
RVT~' VI Pour Pt10 control none 0.0 11.3 18.2164 ~-52C1 toluene 5.5 1.1

26. 0147 ~ 42C2 anisole 6. S 0. 7 28.0148 ~-43Cnaphth-a alene 7.5 1.6

39. 0139 -36CE1VI-PAp15 control none 0.0 3.0 145.2212 -37C4 toluene 1.2 2.4
140. 7210 -40Cpseudo-5 cunene 1.8 0.6 16613205 -24C6 anisole 1.6 0.6

1S6. 7210 -40Cnaphth-7 alene 1. 9 0. 6 217. 0213 -31 C20 The | ow
unsaturation of the al kylaromatics of the presentinvention) as evidenced by
their low brom ne nunber, elinnates theconventional hydrofinishing step
usual |y requi r edfBFICREISP| s8Nt B BBk o HigameTe esB9ve pFasH dmplgoular

addi ti onal advanitagauby bfrpeselyngifdme hewdrtatdai Ecomentinas ofith Bamepr ocess of t he

i nstant 25 i nventfiegd-tdsiedd tFY AR Qb iNThaschiReudl Kthads NHAgERL, i N
t heal kyl ati on ofra%rgrgﬁil cS. %}%E{grhl.s}]l @95'% itb h‘%dfr%’d‘{(: s of st he_present
i nventi ondenonst rate ’Igﬁ'ﬁeels rieL | y fa%ill I OnpEPEd >t ¥ AVEMBAQ
Thet her me? st abiamtyypifalit RY{44tundts predetichan ¢@uissishe 9)sqsbduptior g
23/ 06/ 2003 __| g_olifdmera,ldicR reR1arlfViavPAD hdrel @nex 248188 Andy NMeasuring the
| oss of viscosity, ) efscBaal i g 2 K our.s_under an
i nert atnosphere. T%g(@rdg%?tlga% e{sé: ovv?] L| nlé%tzsabl ggﬁgf.l%gfhbégré&da 1§°mc?5?ronst rate
that addition of™APGAROPE ST McEIBHAPISGPBUPROIAG -ENI - PAO ol ef i ns reduces t he
viscosity |loss and gi véhe birarighiragivs dedsredt arc khenratiohet t@i; drharsmed
stabilityio TABLEHIZIgreﬁ@dgpthe%miilca@r@q@ul\{t&ppgmt Yel@Sshe HVI - PAO none 68
|0 4 toluene 63 dogunen 6 6 Lsale 16 .7 napht ene, 31 The
fol | owi ng Exanpl%g&lslﬁéqg rmg&é,?tgré%gwﬁr%gélsnggbﬁdlnéf%rﬁgc"f“%gsg)rPBYJ]éF}E‘?des of the
present inventi ol i | K9}-at?ole-otOpRendfdé Wi35h) ol ef i nic HVI - PAO
ol i goner. Exanple 10 A m xture of 101g of HVI-PAO oligomer (viscosity of
18me/s) measured at 1000), s2Aeh 2ciB"C00leradQSHl ofTneER AQG, aNd 89 20  of
Anberlyst 15 acid catal yst i s heat ed-(W0 ¥t ibPTF etk WU s under an inert
at nosphere. The m xture is filtered while hot to re the solid
catal ystsys The product thé roPio@ingeskafles oV eelpy@psbasidnl bt 2B YPaeh
160C/ O Intn) to re vestslgtl.vent l%_nq;gl(% SS %)sheﬁg}). aThél thermal s eggxl?l ity of
the above al kyl pienst 8- eRAMPHEY 28" 5Y° BETE i AYRG  Phre: Btset&f ure for Sce
wei ght | oss usi rM§relefaral l1ustaetien (nurrosas and ere noq dayended) toylimisather i ng t he
viscosity | 0Ss adchgr ohehé iphesehd iddd€ioand 300C for 24 hours under inert
at nosphere. In the followng Table Il the properties and thermal stability
of al kyl ated phenol is conpared with aEcor&t rol of hydrogenated HVI-PAQ
23/ 06/ 2003 --20- Table Il Example 1
20 Catalyst Preparation and Activation Procedure
1.9 grams of chromium (II) acetate

(Cr,(0COCH; ), 2H,0) (5. 58 mmole) (commercially obtained) is

dissolved in 50 ml of hot acetic acid. Then 50 grams of a silica

gel of 8-12 mesh size, a surface area of 300 mz/g, and a pore
25 volume of 1 ml/g, also is added. Most of the solution is absorbed

by the silica gel. The final mixture is mixed for half an hour on a

rotavap at room temperature and dried in an open-dish at room

temperature. First, the dry solid (20 g) is purged with N, at

250°C in a tube furnace, The furnace temperature is then raised to
30 400°C for 2 hours. The temperature is then set at 600°C with dry



Property Control HVI-PAO alk | ated henol t eno Viscosity mm2/s, 100C 18. 2
21.4 5 Viscosity Index 164 145 Pour Point,C <-52 <-45 Tenp. Eor 250%/ %$Q3
| oss, C 388 40Z % Vi scosity (100C)Loss ~ 280C 41.6 3.0 10 300C 57.5 27.9
Table 111 shows that the HVI-PAO al kyl ated phenol is nore thet<nally stable
t han the hydrogenated HVI-PAO control. The al kyl ati on process al kyl ating
condi tions can conprise tenperature between -30 and 3S0C, pressure between
700 and 7000 kPa. 15 Exanple 11 The C20 di ner ol efins produced fromthe
ol i goneri zation of 1-decene according to the EN -PA4 process are reacted at
reflux with toluene (l:1 molar ratio) usr¥Hg-al um num chloride as catal yst
(1-2% by weight) until conversion to alkylaromatic is constant as 20
determ ned by GC. The catalyst is renoved and the unreacted nateri al
distilled leaving the al kylaromatic fluid. Exanple 12 '|he procedure of
Exampl e 11 is foPtoRSEIR&ERDLE MRS - 49¢ NS ENS FRGAY takd doiad i“BieTexchange
resin (Amberl|yst NXNolOiénpefahra 25 3607d. Hibe) ai sremedt asreced &by.99% and t he
tenperature is mMatdy didiefbnlis LikQfodubeiaftR! delibulhe F0EL ML 0h) fxapl e 11
is foll owed exce@t t(ffat t % bt¥ V\BI(%ht 0 trg f I*orairre%hanesul fonic acid is
used as catal yst “3H8% {*A°9B TEATHEFAT JPETi e AM RE3EY 08 RE- 75C. The yield is
86% of 750F El uid. Exanple 14 The procedure of Exanple 11 is foll owed
except that naphthal ene is used as aromrdnpLe Rat her than tol uene.
23/ 06/ 2003 --21- Exanplg 1 I Emﬁ? ; ol L owed except
t hat napht hal ene i s use?’ergéf%gr%tt rg?ia%tgﬁllﬁe%e. ﬁigwéggalaﬁséaggeglgﬁpl es d-8
are presented inTammd3(&)) %ail*&ﬁ?sewalﬁug?]&rrﬁ?ﬁf?r(}m@enﬂlﬁﬂs @.00C VI Pour
Pt.C Exanpl e 11 2%an@dted. B9 bokO T/ réacaomlmdet N,26tm@5phEr&9s 1tBan h&GelExanpl e 13
ZB. G5 5.17 114 -3¢ ils-cE¥papdifgildzchd4.indbb2g G8rnkls. Exaiip@riea AReffe6. 90 95
In the fol}ow ng,;fxan he'njc@cnﬁ-r*‘r%a&k#%'c%‘s%ao([o}w%‘%@} Qﬁ‘é $DGu YR NGpEM! - PAO
1- decene dr ner IS’ (esenﬁed._ he process is carried out Tn flxea bed
reactor using a Viqupefflagns de ehleckrd i #répred qfhrhenunggacted sdaftingled with
35 Wt~ silica. material and low boiling material at 7 kPa (0.05 mm Hg). The

residual clear, colorless liquid has viscosities and VI's suitable

as a lubricant base stock,

15 Sample Prerun 1 2 3
T.0.S.(time on
stream), hr. 2 3.5 5.5 21,5
Lube Yield, wt% 10 41 74 31
Viscosity, mmz/s, at
20 40°C 208.5 123.3 104 .4 166.2
100°C 26.1 17.1 14.5 20.4
VI 159 151 142 143
Example 3
Similar to Example 2, a fresh catalyst sample is charged
25 into the reactor and l-hexene is pumped to the reactor at 101 kPa (1

atm) and 10 ml per hour. As shown below, a lube of high viscosities
and high VI's is obtained. These runs show that at different
reaction conditions, a lube product of high viscosities can be
obtained.



Exanpl e 16 The feed consists of a S:1 nolar ratio (210 grans of nﬁg}halenes
and 91 grans of decene diners). 5.6 noles (440 grans) of benzené3
to the feed to solubilize the naphthal ene. At a reaction tenperature of 20
250C 90~ of the decene diner is used for the alkylation. Table V shows the
experinmental conditions and the conversion of naphthal ene as determ ned by
GC for three experinents A B,C. Also shown in Table V are the visconetrics
of the recovered al kyl at ed napht hal ene. The conversion of the nap hthal ene
is affected by reaction tenperature and is increased 25 as the reaction
tenperature is raised. 23/ 06/ 2003 --22- gable V Experi ment ABCReact i on
Tenp, C1S9200250Pressure, kPa (psig)2860(i 0) 2860( 400) 2860( 400) I . HSVO. 90.
50. 5Napht hal ene Conv., %0.326.639. 2Vi sconetrics of Al kyl

Napht hal eneKV) @0C44. 77m®2/ sKV, @00C6. 22m®/s10 VI79. 5 In general)

al kyl aromatic |ubricantg %g gstocks are produced fron1# olefins with
aromatics. The prior ar cts as ShOM?'bG|OM/In able 3, have | ower YiI
than the products of th i nvention®® 15 Tabl e ®¥ Basest ock m2/ s@0C
i m-./s@O00C VI Pour Pt. @mECA5381 14.35 2.9%® 20 C - SOSECA6482 96.68 8.00 8
-33 Al kyltol uene fron12@umﬂwnﬂwﬁhtiner 29. %2S. 30 110g-@7 The products of
the instang invention aw§ qgﬁglﬂ?/;ENflcant basest ock and as additives.
The aromatic noiety introd | - PAO i ncreases thermal stability)

i ncreases sol ubilizing poW@r of the produéf? and add81t her properties
useful 25 in additives sumh*@s antiwear pstperties aad VI enhancenent.
Therefore, as additives, tfeir useful ness;is conpoun?gd to incorporate in a
single additive product the capability to inprove a | ube basestock thernal
stability, VI, solvency and seal swelling power as well as inproving
antiwear characteristics. They possess E3@mlpel f urt her advantage of great
L | exi bili tlg) in the range dhmetcsa0&irbye/s11334 QE(QQ%whcm&ontzﬁnW’Cﬂ bkey can

e prepared so tha pentie u |5005|ty

Q iax‘%g@o{'e ‘%’ﬂh# O}‘&h?{)?_ ?llgéaf g?lh‘%? utggde Sﬁle C 8§'I?¥

conpatible with the cosi t basest
| ubri cant conmposi ﬂFﬁn%alé“eEiHGt? AT 2Rt 800y Eort llBﬁ‘°'¢ra?narl5‘erQﬁ‘§@¢duW1tésC°ad‘dl tives
such as di sper sarigsC fordbtsetapesit STheui 56 Q@sbf \the rdealys1TRs Qaeked, iresta ene

pressur e/ ant i wearyyaddi t:t-y&é) aamthb%act%ni@ec RAAT y%@{ éx'fl'ahﬁys ] sifiers,
demul siierg, corrogion inhibitors)

ntl du st al ni ng
additives, Fricti'on ﬁ%dl?lgmg ‘hﬁdmﬁ &gpe?ﬁﬁé??%38§§yfgﬂ t he al kyl ation
of phenols with Hmaspioe).O menzqod%émramglqc&eq Ad pradyeedt a$ fiodowsion and t he
products produced are believed to be novel and useful. It has been Found
that al kyl phenol s can bg ﬁgpared in gear qugntltallye yi el ds from pheno
or hindered phenols sucg%%g' 6- dlterr1 rybu5y4 phegg)é by a kylatlon W th
Ci 2:

C20 HVI -PAO ol efins by at cafaly5|s he p erre

Lube Yield, 21
20 Viscosity, mm /s, at
40°C 2548 2429 3315 9031
100°C 102 151 197 437
VI 108 164 174 199

These runs show that different Cr on a silica catalyst are
25 also effective for oligomerizing olefins to lube products.

Example 5

A commercial Cr on silica catalyst which contains 1% Cr on
a large pore volume synthetic silica gel is used. The catalyst is
first calcined with air at 700°C for 16 hours and reduced with CO at



15 for the catalysis is trifluoronethanesul fonic acid. Anmberlyst 7Qd-1010
(obt ai nabl e from Rohm and Haas)) a strong acid cation-exchange 43¢8¢12°08r
Lewi s acids such as al um num chloride al so work but give | ower vyields.

These al kyl phenol s Eind use as |ubricant basestock and | ubricant additives
and precursors to nore 20 highly functionalized |lubricant additives.

Al kyl at ed phenol derivatives of the present invention have nmany benefici al
uses such as lubricant additives both as-is and when further
functionalized. The functions of al kyl phenols and their further derivatized
products include: 25 1. Antioxidant as negt_phenols or when reacted with
1-naphthyl amne to give N-arylnaphthylanlnes 2. Antiwear as phenol
phosphates. 3. Detergent as phenol sulfides. 4. Antiwear, anticorrosion and
antioxi dant as netal 30 dial kyl dithi ophosphates. S. Detergent and

anti oxi dant as m%oat Rk knk 3! deydaates- 16 P@tbervg.-@ t@mhéﬂ'aé&%&g“t as

al kyl hydr oxybenzyl poI yam n n a cases ditives

used for these FOHRLISHNS é‘fd@detl"tﬁg?cﬁﬂe 3? Pp‘ﬁ‘é?‘ﬁ)f’yé"Fl ”’s?/rf’tuh@éﬂ%ed from
an al kyl phenol . Gewesrakidyhdagedltk yiBSGr ouplestne he cpmdnedustiefedsotthe i nport ant
Function ofincreagicea Lhe- 33I5|pa$@4/blhiu|té tajid ©f 5 pheLsPHERSghOTof dataflRk ij¥at i ve.
Longal kyl schai ns 1§ tl p egglg,e{(%l aq_l;:g §rlamc%n%c% e oﬂtm Ilzo%ol UEI I'i ty Twenty
carbon ol efi ns proauced T Zati on 0f lodecéne areh reactl ve

t owar ds phenol s) lifgerse %rmp%ﬁtér&f ﬁtalaYércoPrea%hawép stawleraw @em@r@s good

i nternmedi ates tofsusmbatss |IThorcheAnst asldiiltevess arky phec dighy prodidiebdalingr art

al kyl phenol s defbéd%g 156N %%&Quctoydﬁnﬁg)oié Qtﬁ)ﬁ?er ? ahé rﬂf@(?f%énﬁﬁt

precursors to the vement i on ﬁ d{}veﬁ se on a

A Chough suchaddit FUESSTALEMIBoh T CORIFERE T1ep b

rel ativel y? nexpefigiished fradussrias apphicesitty orislO0P@p hidve ms%/abl\ﬂ"l of 165 obl ens.
Theal kyl phenol dasichagesdinene -6s9T. have sim | ar performance

featuresl5wi thout the instabilities associated with the

i sobutyl ene-derivedal kyl groups. In adgitlgn t hese al kyl phenol s are of
sufficientlylow viscosity to be effect al kyl aromati c-type basest ocks
forlubricant product fcExamplats angefidasednl debptheloksacaian pamppratect by m xi ng
at ZﬁtCt equal ol ﬁisz@a”’ﬁ{élnlgﬁﬂfedtﬂﬁd&'@et?@'a arscempl;ﬁt mdctofeerh%ﬁddl ngdl Z% by
wei g rifiuorongthanegsu ic Lgorous stirring e aci

i sr ermved y cowéZ ] g?la ﬂqaﬁs&fgomtenvé \6e8al kyl phenols in 90% yi el dor
greater. O her acid catalyst may be used such as strong aci dcati on-exchange
resins or strong Bronsted or Lew s aci 8smple 7

however) 25tri f | uor onet F@?ﬂﬂlﬁll § qFlrg%%%dj &ﬁ\\éfts chd1SeRESdn Eﬁ%&attﬁrﬂ%”pl e

17Eg~i al nolar a ~1 | [Ter n of decene
prepared as descp&bgd Hbel'g epmﬂ"fc)? aah(‘flstcﬁ%]h ot g@g 8ght

t1ifl uor omet hane®iy/s ot @faWd”idsP%Hd’éH“tﬁf redt gorousl y stl rred mxture.
After lhr20the acid i s Thenfseshihy taii esumpars Zeshtiegmaleculahaesgitk lananount  of
unreacted starti al g 4 distillation. The yield of

par a- substi t ut ed@%ztgﬁh%%?o%/%ﬁo@@\ée% Iayal kyl phenols is 94% The product
m xture has a kinematic viscosity of 10.36i m2/s at 100C and a VI of 4.
Exanpl e 18 Equal noEmmpiasounts of 2, 6-di-tekt-butyléphenol ahd C20 5 ol efin
of 1-decene prepared eamedes,ﬁﬁgbed her ei n ares.81 xedisdnd t hepggl. 6% by wei ght
trifluoronethanesul {,f)nl c acid is added to rlﬁge Vi goigusl y SE+ red m xture.
After Ihr2 the acid is renoved by water washing an the small arnount of
unr eact ed*3tarti ng b eT 12 KgTE84 s rem)ved by distillation. The yield of the
C20 al kyl phenol is lf»leddar Veights,qWd prodééd hasi@zki nemaddc vi scosity of
7. 792/ s at 100C apgigRe-Mver@gedl. Mono-al kyl ated hi ndered phenols can al so
be prepared by al kyl atin i rtlary yl phgrol y- pr oduct
-9imer derived from “t’% “qar wﬁié‘g‘fg %‘ﬁ' HVI - by olﬁgorrerll§g?$on 0 1-decene
15 over a chromi um Bﬂeéli]iaf'd‘ﬁl&?’ét al yst. Ths alkylation is catalyzed by a
hydr ogen Y0 zeol i te baisacibutich, 8#Wbi ca. Becausk4bf thé.shape-sekective nature
of the zeolite, only a nono-al kyl ated product is formed. Exanple 19 20 The
nono- al kyl ation process is carried out using a fixed-bed reactor. The
hydrogen Y zeolite is bound with 35 weight %silica. The feed is conprised
of 1:1 nolar ratio (103 grans of 2,6 ditertiarybutyl phenol and |40 grans
of 1-decene diners prepared as described herein).



‘25 The reactor pressure is naintained at 1482 kPa (200 psig). The liquid
hourly space velocity is varied between 1.2 and 0.6. The proceg$s/a2003
conducted using three reaction tenperatures: 100, 1S7 and 222C. At the
Various reaction tenperatures, the yields of 30 nono-al kyl ated phenol,
according to gas chromatographic analysis are, 4.4, 6.6 and 11.d %
respectively. These yields are on a 23/ 06/ 2003 --26- "once-through" basis
and may be increased by recycle of the reactants. Table VII shows sone of
the characterization of the nono-al kylated phenol with respect to el enental
anal ysis and 5 nol ecul ar wei ght determ nations) consistent with

mono- al kyl ati on of phenol by dinmer. Tabrd5W 1 Exanple 12 Hi ndered Phenol
Characterization for C3~H 20 El enmental analysis 10 Cal cul ated Found Carbon
83.95 84.09 Hydrogen 12.76 12.60 Oxygen 3.29 2.76 100.0 99.4S 15 Ml ecul ar
Wi ght Cal cul ated Found 486 450 rlny al kyl at abl e phenol) including -

pol ynucl ear phenol's, nédefesifdd FofdiHEHr E"é:ﬁﬁ‘}o pPuedett Vicgh ‘fléF°séF3k9Fat| on
with olefinic 3i mwrasofl Sah PRaand Oasohigghi 65 7808 VHeditheVlebatwedtatia cul arl y

useful phenols |5}gl>ugg QQ@@@ rb&@@&f) 2, 6-di rret hyl phenol
2,6-ditertiarybutyl 21; henol hl orgrfo nolg 6 and
a

hl C
2, 4-di chl or ophenol , 8"9(1 égﬁi 7 aéhcofierlﬁawr’ﬁ car B aﬁe%x phenol , 2
and 4-nit Pophenoim’awdf@ aamarmﬁ%dt 2y i eded rCrafitfe agid ecasrlyepd ahl@r\}enoal kyl at ed
or Eunctionali zedymmpasmmen&lﬂf m&5 bé luged e setilystnvienudeoDevds detidy i cati on

El uids and additLygs,| el ?temeaerﬁl Qicrs mc*ﬂemc@ﬁbr!cant i's uni que
and provides unp{;ﬁﬁ dc’gn% gr&g ue to the inherent internal
synergi sm The pPocesSion g q Taeing J 23/06/2003

properties by ad8idjofb@t, taheiae mhp@swtfla@m@mtdamqahdvsm peral or synthetic
| ubricantsggis suw&&haglwﬁ%s&mm ,Epark AP GCREFi tof sub ks QLEHEBs WA )

Friction) corrosi Og%nllcnhllgé tsuc % ﬁdéga‘lhegﬁngllgr :BXWQ&EV%S% abi I LLy of a

hlghtenperature ath |on of
0.1-100% o an al R$4 Qﬁt?ﬁnpﬁryéﬁi}'é’c‘e o?mfﬁ’"e'e‘br‘:ég"’émtsl el on %31
chrom um cat al yzecidpoksmdli piasweheds DeolsteuBdtglgeskixe YnasMagnidvest esd i n pri or

art. Additional |l ygpetf8e G@MRLRALLOR &hm|RdRS gGBAL, Formul ations contai n| ng the

above comgsi ti ons w't ghy ofc L1 FOLLoM9 SRRl oL al,,2di Ui ves:

invention include substituted and unsubstituted benzene and
polynuclear aromatic compournds, particularly naphthalene, anthracene
and phenanthracene. Examples of useful aromatic hydrocarbons for
the present invention include benzene, toluene, o,m,p-xylene,

20 hemimellitene, pseudocumene, ethylbenzene, n-propylbenzene, cumene,
n-butylbenzene, isobutylbenzene, sec-butylbenzene,
tert-butylbenzene, p-cymene, biphenyl, diphenylmethane, triphenyl
methane, 1,2-diphenylethane and similarly alkyl substituted
naphthalenes and anthracenes; also phenol, catechol, acylphenocl such

25 as acetylphenol, carbonate esters such as phenyl methyl or ethyl
carbonate and diphenyl carbonate, alkylphenol such as anisole,
chloro and bromobenzene, aniline, acyl aniline such as acetanilide,
methyl and ethylbenzoate, thiophenol and acylated thiophenol,
nitrobenzene, diphenylether, diphenylsulfide and similarly

30 substituted naphthalenes and anthracenes, in particular naphthols
such as mono and dihydroxy naphthalene.

The alkylaromatic hydrocarbon composition of the present
invention have the following structure:



1o dispersants, detergents, viscosity index inprovers, extrene
pressure/antiwear additives, antioxidants) pour depressants, endB&iti/Rees,
demul sifiers) corrosion inhibitors, antin~st inhibitors, antistaining
additives, Friction nodifiers, and the |ike are novel. 15 Although the
present invention has been described wth preferred enbodi nents and
exanples) it is to be understood that nodifications and variations nay be
resorted to without departing Fromthe spirit and scope of this invention,
as those skilled in the art will readily ypderstand. Such nodifications and
variations are ZO considered to be within the purview and scope of the
appended cl ai ns. 23/ 06/ 2003 --28- CLAIMS: 1. ,fin alkylaromatic

hydr ocar bon conposition having the structure R~ R~RR~1 R~R~RRR
RRand ~wRRRRRRSTto where at |east one R group is the hydrocar byl
resi due of the polynerization of ;,C2-C20 1-al kene, %he re5|due havi ng a
branch ratio | ess than 0.19, weigif<c a»erage nol ecu t* bet ween 280
and 4S0, 000, nunber average nol ec nei ghts bet V\eemd 180,,000)

mol ecul ar wei ght distribution beRwe 1 and 5; andgr khe remaining R
_groups are sel ected from hydrogen) Cl-C20 cyclic or acyclic al kyl and

—al kenyl, aryl, NHz, acylam do, halogea) acyl, HO2, YO and YS where Y is
hydrogen) acyl al koxycarbeg DIRRE and Cl-C2 i'¢ or acyclic alkyl
and al kenyl. 2. The conposi P one R group
conpri-ses an al kyl groum-—tF y PG drocar byl noiety
of the olefinic dinmer of C6-C20 1-al kene. 3. The conposi of claim1 or
2 conprising the hydrogenation product of the al kylar i M*dr ocar bon
havi ng a brom ne nunber between 0 and 12. 4. The conposition of any one of
the precedi ng cl #here athtgast rone megraahk)ilsauhennrﬁ'r@aftarss HVIVAARCRS i du dANEifX
greater than 130péyflefi@stioR @, -0l P—Wlke’héCthé reg'fag%q‘gmgy tLon, of “any one

of the precedin i V|sco§|t at 100C
bet vveeanmTQl s gr&l ?01%8 "YH%(S 19, welgh% a%rage molecular weight between 30% and

000 number average molecular weight between 300 and 18,000,
5 molecular weight distribution between 1 and 5; and wherein the
remaining R groups are selected from hydrogen, C1 C20 cyclic or
acyclic alkyl and alkenyl, aryl, NHZ‘ acylamido, halogen, acyl,
NOZ' YO and YS where Y is hydrogen, acyl, alkoxycarbonyl, phenyl or
Cl-C20 cyclic or acyclic alkyl and alkenyl. In one embodiment,
the alkyl group comprises the hydrocarbyl moiety of the olefinic dimer
of C6-C20 l-alkene, wherein the dimer comprises a product or
by-product of the oligomerization of C6-C20 l-alkene, under
oligomerization conditions in contact with supported reduced metal

10

oxide catalyst, the metal oxide catalyst comprising a lower valence
15 state form of at least Group VIB metal; and wherein the remaining R
groups are selected from hydrogen, C1 C70 cyclic or acyclic alkyl
and alkenyl, aryl, NH » acylamido, halogen, acyl, NOZ’ YO and YS
where Y is hydrogen, acyl, alkoxycarbonyl, phenyl and C1 C20
cyclic or acyclic alkyl and alkenyl.
20 Generally, the hydrocarbyl HVI-PAO residue referred to above
comprises a vinylidenyl radical having the structure:



"23/ 06/ 2003 --29- 6. The conposition of any one of the precedingpclﬁh%%
wherei n the hydrocarbyl residue contains between 20 and 1300 c B8 Pdns
having a branch ratio less than 0.19. 7. The conposition of any one of the
precedi ng clains wherein the hydrocarbyl residue has a nol ecul ar wei ght

di stribution between 1.05 and 2.5. 8. The conposition of any one of the
precedi ng clainms wherein the al kyl aromatic conprises al kyl ated ani sol e)

al kyl ated ' napht hal ene) al kyl ated tol uene or al kayl at ed pseudocunene. 9.
An al kyl ated aromatic liquid |ubricant conposition conprising the

al kyl ati on product of an aromatic conpound and an ol efinic CZO C1300

hydr ocar bon having a branch ratio less than 0.19 and pour point bel ow - 15C
10. The conposition of claim9 wherein thg-aromatic conmpound is sel ected
from benzene, toluene, o, mp-xylene) hemnellitene, pseudocunene)

et hyl benzene) n-propyl benzene, cunene) n-butyl benzene, isobutyl benzene)
sec- butyl benzene, tert-butyl benzene, p-cynene) biphenyl) diphenyl nethane,
tri phenyl net hane, 1, Z-di phenyl ethane and simlarly al kyl or aryl
substituted naphthal ene and ant hracene; gl §eyphenol, catechol, anisol e,

chl or obenzene, di phenyl carbonate) aniline? acetanilide, ethylbenzoate)

t hi ophenol , al kyl phenyl sul fide, nitrobenz@e, 10 di phenyl et her,

di phenyl sul fide, 1-hydroxy and Z- hydr o®yChirEihiR,hal ene and sinilarly
substituted anthracene. 11. The conposition of claim9 or 10 conprising the
hydr ogenati on prg t, of .the I d I hayvi a
br omi ne number bé _\l}{\’/geRﬁ,%’da??dm%JZ@/fg{k%T%gMgg%péggi%%ﬁ]ﬁ%‘?ggﬁ% n@g)P 0 or 11
wherei n tfie al kyPHEPwTipmataiethaping % egheseby hepd 1tegeall fiepeatine SHARTMFSO and a
pour point bel owof I5€5,,1Balkkhes eiulppo SHE/CB) rafiocleabnoh) OLL, 11 oc 1Z wherein

the alkyl ation pg?&uﬁbm%@t@ee{i@waﬂ ¥. 130 ThO Hd RREWGE HVELPAT e 1 B thay
500nm /s.  23/0612003

- - 30- rocess Eor fhe preparat f
al kyl aromatic ol FHERE SWEen é%‘ﬁéc’d:ggﬁbf“&]d??i“r &5?%555%7 lbegg%eélt %(@Eoog)r addi tive
conpri si ng: cont &&rbopgitems. | east one al kyl at abl e aromati ¢ conpound and 5
C20- C1300 gl ef i ni ¢ hydr oc aKd st 16Wing osxaip LBt he1 @ répabitd g e redkimdvéess t han

0.19 and pour pmHOf—Pl\@éEﬁyﬁ%%E;iié?Sfiﬁe §?e'n.%yi'n9éd\x§5h £0REstiidy A AP C

al kyl ati on catal yst un ation tions re a ated aromatic
ol i gomer is prodBEPFTHEYIRPARY Q& i"& g ¢1(§’éﬁﬂﬁr%5‘f€? %ﬁ ti/@o?ge&!b

separating and recovering the al kyl ated aromati c oligoner. 15. The process
of claim 14 wherein the al kyl ated aronat,i?nydrocar bon conpri ses

al kyl aromati c | ubri cant S C M@ hawui i d.thernal
stability. 16. The pr ocggg %?‘;%I.gfl rgn"f4 olf‘ %ﬁhgﬁgﬁetﬁ%ﬁgﬁa{ﬁ%ﬁ%
condi ti onstSconpr i3 erogN (LETRSEAtHTUL S ShelYedded 30¢8apfd ths B -PAhd a pressure
bet ween 700 and $o0AlNRA0lelih withe piwosisy folﬂmal{snme‘_wsuredfﬂtoto@e. wherein the
ALC13) HCL) H) L L e e e e T 0 )
r).. e nd Z, Ti
ShA'S, acidic zeglléie tmégl_‘ge & SSETEY FPF glrgnshugss%%qs?R%neg‘ﬁ"‘fl,éeg\?‘,”)tgr{ﬁt%ﬁ’ror phous
al umi nosi | i cat es vappdofighdituce diCand drigd eTi¥ess-RYdasHeitsrEaR fiss a
pol ymeri c cesi n ceaped Sy ngesml Jiendiledopalty20%¢ ek 10 kPa (0.1mm) to recover
the alkylation product (product 1). Using the same procedure and
HVI-PAO olefin as starting material, anisole and naphthalene are

alkylated, with the results presented below for products 2-3.

Example 9

25 In this Example, the reactions (4-7) are carried out in a
simiilar manner as in Example 1 except a HVI-PAO polyalpha-olefin of
145.2m%/s measured at 100°C is used as the starting material and
toluene, pseudocumene, anisole and naphthalene are alkylated.

In the following Table I the results of Examples 3 and 9 are



*18. The process of claim 14, 15, 16 or 17 wherein the CZO C1300 ol efinic
‘hydr ocar bon conprises the reaction product of the oligomerizat 2900#eEr

ol i goneri zation conditions of C2-C 0 1-al kene in contact with supported

'_r educed netal oxide catalyst; the 5 netal oxide catalyst conprising a | ower
val ence state formof at |least Goup VIB netal. 19. The process of claim
14, 15) 16, 17 or 18 wherein the supported reduced netal oxide catalyst
conpri ses carbon nonoxi de reduced chrom um oxi de on silica support. a.

23/ 06/ 2003 __~I __ 20. The process of claim14, 15) 16) 17, 18 or 19 wherein
the oligonerization conditions conprise tenperature between 90 and 2S0C.

21. The process of claim14) 15, 16, 17)°188 19 or 20 wherein the aromatic
conmpound conprises substituted or unsubstituted benzene) naphthal ene or

ant hracene. 22. A nethod for decreasing wear and reducing friction in an

i nternal conbustion egjgi ne by | ub#i cating the %n%l e wth Friction

reduci ng amount RSFSERET: c BpESPEGSoiemaRstEdthi et the Rikyiated prAdpcEsnfave

conposi tion of cieay rire uhsatutesionsergsr indiicrged bbrbirowine ramltict | and sreseinettteed Er om
di sper sa/nt S%_ detiapReAidsi iy SROSIUEYpok AL tmaoag\tefr@,mxme{u%fin. sit
pressure/ anti we i t.iv i.0 S roHepressants, enul.sifiers,
denul sifiers, cg%ch%glg%é%yf ﬁtﬁ? 6‘??‘%‘)‘?5&%3?‘}% 8%?9‘?%?%?‘? (')"(r)_lse)yarﬁf‘f')é‘%lﬁi ng

addi ti ves) and FiorchgbInasdi Yoweroyr poimt WIBEERdde fadly iapinnovaaRtiofthe vi scosity
i ndex and thermal stability of |ubricant basestock conprising mxing with
the | ubricant basestock a VI and thermalyagizapi | ity enhanci ng anmount of the
conposition of claim1. 25. 'lhe process—of—Tlaim?2l wherein the aromatic
conmpound conpri ses phenol, anisol or naphthol. 26. The conposition of claim
1 wherein the al kyl ar omitimaticonpri ses Batnipt at edrizanzene. PrpperTiies
conposition of ':'-“ﬁ.-’a in tM&eh di pumber) i 433 A0 C FCeHTH B |

ani sol e, pht hal eney t ene, udoc ne or ,2,p-diterligrybu phenol .
28. The apﬁyl ated aromsu?l%)r%:é i qufb(s'jsl ubr:fggsnt cor%ébzgi tion ofﬁél ai %n% wherein
t he al kyl ati on preduct c¢emgefid ses.the product ansaronati c campausgbccont act ed
wi th a nono-ol efinic Cl2-C40 hydrocarbon. 29. The conposition of claim 28
wherein the aromatic conpogbtl sd-&ct ed F7om berfBehe, t ol uelfd) <o4#Cp- xyl ene)
hem nel l'i tene, pseudocunene, ethyl benzene) n-propyl benzene) cunene)

n- but yl benzene) i gobutylﬁ%ene,%s r 234 Qp/ 20034 g 32- sec-mtyl_gﬁzene,
tert-butyl benzene, p-cynene) biphenyl, di phenyl nethane, triphenyl nethane,

1, 2-di phenyl et hama-paod simlarly al kyl or aryl substituted naphthal ene and
ant hracen& al socqphmriol node 6-di t®&Rti arybdtyl phdbdl , 2, 6- dikdet §T¢henol )
catechol, anisole) 5 chlor obenzenﬁ, di phenyl cahgﬁnat e) ani]ine,

acet ani | i de) et hyl*benzo4Pten hi dghenol , ¢t kyl pHéRy sul fi de?%ni t#¥Genzene,

di phenyl et her) di phenylpggtl,dfoLde) 1- hydroxy and 2-hydroxy napht hal ene and

simlarly substitygted ajunédeacener.s 0.6 166.3 205 -24°C
6 anisole 1.6 0.6 156.7 210 -40°C
naphth-
7 alene 1.9 0.6 217.0 213 -31°C
20 The low unsaturation of the alkylaromatics of the present

invention, as evidenced by their low bromine number, eliminates the
conventional hydrofinishing step usually required for lubricant
basestock and, thereby, providing an additional advantage by
improving the overall economics of the process of the instant
25 invention using HVI-PAO olefins as the alkylating agent in the

alkylation of aromatics.

Surprisingly, the products of the present invention
demonstrate higher thermally stability compared to HVI-PAO. The
thermal stability of alkylation products (Example 9, nroducts 4-7



'30. The conposition of claim28 or 29 conprising the hydrogenation product
of the al kylated aromati ¢ hydrocarbon. 31. The |ubricant co@p&H/€pdnh of
claim28) Z9 or 30 Further conprising lubricant additives selected from

di spersants) detergents) viscosity index inprovers) extrene
pressure/antiwear additives, antioxidants, pour depressants) enulsifiers, 5
denmul sifiers, corrosion inhibitors) antirust inhibitors) antistaining
additives, and friction nodifiers. 32. A process for the preparation of

al kyl aromati ¢ conpounds suitable as liquid |ubricant basestock or additive
conprising: contacting at |east one al kylafable aromatic conpound and 5
Cl12-C40 nono-olefin in an al kylation zone wth acidic al kyl ation catal yst
under al kyl ati on conditions, whereby al kylated aromatic |iquid hydrocarbon
is produced having a viscosity of at |east 2m2(s and viscosity index

greater than SO Sip=es. A r c ; a product
or by-product of gfoﬁeﬂifogm ;sq;ifl;?r:éaﬁ?g e%nﬂn&hg)’ %Legu'rﬂ'].g g{r?;{éus%dﬁr
i

ol i goreri zati on GREELY os® 5t h%tf'ﬁ %F §§Pp505r°t’e7d hugg uedemadr al  oxi de
catal yst, the netrmert gxtingbpherat dhy steswlosre showy in FablerIlvathescdast at e f or m of

at least Goup Vi&oR®irate tmda@@a@ﬁaifl 09nANE FLRGONMARN | HHufsh 6 aVKYARt ed

aromatic kiquid hdro arb ss of .claim3 Wnerelnthe
al kyl ati ng condi %I ongsls cod%c?s ghe V’ésco ﬁﬁ?sea%leﬁ/\@eﬁ lu C%fﬁd APEck pressure

bet ween 0. 01 and”%%tkﬂathem# 2@/"93/‘2003 --33- 34. The process of claim32
or 33 wherein the acidic alkylation catalyst conprises Lews acid. 35) 'lhe
process of claim 32, 33 or 34 wherein thggdew s acid is selected from BF3)
Al1C13) HC1l, FiF) HBrl) t2S04, H3PO4, P205——SO3) Snd 4, FeCI 3, ZnCI 2) Tid4)
Sbd'S, trifluoronet off Pl LS B

and organi c acids corﬁYhP@Dng R- 503I-mnhere Ris a poI yrrer68c resin conprising
sul f onat edo pol ystyreneq 36, The promgeﬁ\eof claim 32, 33)g334 or 35 wherein

t he supported reduced getal oxide c a&e onpri ses carfpon nonoxi de
reduced chrom um oxi de on silica s ort 37. The process of claim 32) 33,
34, 35 or 36 wherein the oli gonmer i z%{’tlﬁ?}ﬁ condl ti ons conpkd se tenperature
bet ween 90 and 2S0C. 33. The processpbfhaténai m 32) 33) 3431 35, 36 or 37
wherein the aromatic corrpound conprises substituted or unsubstituted
benzene, napht hal ene OF 1y rocess of claim32 33, 34,

35, 36) 37 or 38 wherei t a?%%nng?es lﬂrgf%ége g(ﬁl‘.l Fses® B PFRdyct 40.

Al kyl phend? conppePeTtdes o&sfémre%ssltmmtmwob\fmam tallpdativomsr i si ng t he
al kyl ati on pr oduptienef wath brdsiicoma -Blokelligdmahl € phenol compound and a
nmono- ol efini ¢ Cl12- C40 hydrocarbon in contact with an acidic al kylation
catalyst, the olefin conprising a pr O&‘Iéct or, by- product of the

ol i goneri zati on of C6-CZO 1-al kene un 3 i aomerl zation conditions in
contact with supported k @throeel ofiettOdd Oéﬂwaé’A@a?ﬂedoysrt {vishesimetafil oxi de

catal yst conprisitg 2p, Imelnreaaaltemnemst a;tgeoff ptiedd 0)f 4@l dfeRdplade P s/l B net al .

fh TR COPOST Lb At %ﬁ ﬁnQ&f&O ABBLE 3 Al dbal AR £, RHSARLS 1 sel ected

from phen tertia

;
2- chl or ophenol ) H“dﬁﬁlaﬂr H'gﬁb‘lmsl’ T8 aff BLRAUTS, t%lfb]rtﬁb‘?ﬁieﬂﬁlli hot 49d
4- acet am dophenokgmofe ahel sdhdacraht@lavlsm-xyﬂpm@ct i3 ohtdinkdnifteophemnl and 2

and 4- et hoxyphegdeillation (up to 160°C/0.1lmm) to remove solvent and excess
phenol. The thermal stability of the above alkylphenol is examined
25 by determining the temperature for 50% weight loss using thermal
gravimetric analysis (TGA) and by measuring the viscosity loss after
heating to 280°C and 300°C for 24 hours under inert atmosphere. In
the following Table III the properties and thermal stability of
alkylated phenol is compared with a control of hydrogenated HVI-PAO.



t 23/06/ 2003 --34- 42. Conpounds having the formul a C34H62~, conprising the
al kyl ation product of 2,6-ditertiarybutyl phenol and C ~ ol efin? /HGZ@anct
wth acidic catalyst) the olefin conprising diner product or by-product of

t he ol igonerization of 1-decene under oligonerization conditions in contact
W th supported reduced netal oxide catalyst, the netal oxide catalyst
conprising a | ower valence state formof at |east Goup VIB netal. .An
.AH?. AY , . AH Al 3e. AY3y. A A A A .AAY .Ay.Ae. A .AA AA A A .AAL A9. A . AAE
JAUY LA A3 A L AY.AYF LAY _Al.A3 .A?,

(HJ}] _tuMxyHI ) *78st 78nozupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ealoesa] cha] c”ajcLalcRal'of < =

/ OnoKV

| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca! FQ4i 23GHIK

wxr $90: } xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] cafedpcdafca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]calcalca]ca]caljcaljcalcalcalcalcal45\”op2 3 Y[ k| uv !
'LIM}xsnid _Z]]] 62 cra%yca] caj ca] ca] ca] ca] ﬁﬂa}ﬁ]ﬁfoq] cal ca Jp&@] ca] ca] ca]ca]ca] ca
] ca] ca] ca] ca] ca] ca E) cal] ca] ca] ca] ca] ca! N R PR i B SHUHH#H DYBVEREES
&&<'="\"]"q'r' } xgem T ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ¢mskosilkeg améal, copea] ca] ca] capcal cal r' xay4t [ (0(a(b(((
((b)d)))*5+j +l ++¥ilse&3'1w nindexY] ] ca] ca] ca] caJléq] ca] ca] cH5ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] caj¥a %QUE cal] cal.ca] ca] E%a] ca] caf%! ++@A MN,,, D E-p-qg-
----------- 00000K%EY gg?fég GEEEAY] fca] ca] ¢a] ca] ca] cal'ta] ca] ca] ca] ca] cal] ca]
ca] ca] ca] ca] ca] ca] Qgﬁ aj’'cal ca caﬁ ca] ca] calygad ca] ca] caj ga] ca! 42545=5>5H5e555
=6>666666767N7T7Y8:300°C 57.5 27.9

?@1) 85\218% gl cal cz[:l)]3 cal ca]F?@l@ a(ljp %L?:@] oal cab oRl b ﬁﬁﬁ%ﬁv\h?e]%a?ii?-m]’é%’i??zi?[ ?ie@

ccc2 | xsni C alcal C cal C caj Cal Cal Caj Ca] Ca
] ca] ca] ca] ca] ca] E}gﬂ]%g]léaﬂté cgféat}’ﬁg'}'g%"}gﬁ'?}%@}&c JI"@%%#]’%@! iFfug Gl o0&
O OWVOOOOPPPQPRIRRRSSSST Wrupkacassp B} atarg sprdd}toad cap cdmjmsg c”a] ca] ca
] ca] c”a] ca] ca] ca}apkfalifabemtan] snhenkal c ptashrabaataniaalenym) gal, avhVvi W

W WANGX XYYYYYYYQZ[ Zv[ X[ [[[ [ F\ P\ AN LVvgkf a\ Wkf a\ W ca] ca] ca] ca] c"a] ca]

cMa] cal c™a] ca] ca] ca] calca] c*alca]calc cal.cal ca] ca] cal] ca]ca] ca] c”a
] ca} ca} ca J ca] ca] ]The] C20 Jimel oléfins produced ?llom Jhe c!ligc!merl]zatl]on Jca] cal

&' 4 > " bbf dzdgcensd aciirdijng ctof the Vi PAQ riRat ess ndreqegbiedkdtakafflipca) cal cal ¢
{ cALreLrele i olesl el sl gt hesbsiminn guerie 5 v
UUUOUBUULUWAX XXX gg{é 2’&2 3 5%12 e&%ﬁ%g@{?\f%ia?]‘ gﬂ aG]ci%‘éﬁaé. a];(l:%l]l& acfgiajaﬂ%]aﬁ a]cha]calc
aU] ca] CaU]Zea] Caw%’t&m@} (%] Ctga] The catalyst is removed and the unreacted material

distilled leaving the alkylaromatic fluid.

Example 12
The procedure of Example 11 is followed except that 4% by
weight strong acid cation exchange resin (Amberlyst XN-1010, Rohm

25 and Haas) is used as catalyst and the temperature is maintained at
110°C.
Example 13

The procedure of Example 11 is followed except that 1% by
weight of trifluoromethanesulfonic acid is used as catalyst and the
30 temperature is maintained at 75°C. The yield is 86% of 750°F fluid.
Example 14
The procedure of Example 11 is followed except that
naphthalene is used as aromatic rather than toluene.



‘U] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

zzp~{~~j *5<Fu*r} BMBj | u} {vpkf a[ Ukf a\ W c”a] c”a] ca] ca] ca] c*a] c&péed/ZaPe~a] calc
~a] ca] c™a] ca] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] cMa] ca] ca] ca] ca] c”a

1 ~3at w} OCM wr mhc”A Xkf a\ W c] c”*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca] c”a]ca]c
~a] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca] c™a]ca

MWa6epw 4Y] BDOQ} wr | ga\ Wkf a\ W ] ca] caU] ca] calU] ca] cal] ca] ca] ca] c*a] ca] ca] c™a]c
a] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] cfa] ca] cfa]ca]ca]calca !, 39;

t ~NY" Vah<a9;
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5 Table IV
Fluid me/s 840°C  mm/s €100°C VI Pour Pt.°C
Example 11 29.91 5.30 110 -27
Example 12 26.85 5,29 133 -26
Example 13 28.05 5.17 114 -32

Lo Example 14 114.5 12.68 103
Example 15 48.92 6.90 95

In the following Example 16, the alkylation of naphthalene using
HVI-PAD l-decene dimer is presented. The process is carried out in a
fixed bed reactor using a Y-type zeolite in the acid form which was
15 extruded with 35 wt% silica.
Example 16
The feed consists of a 5:1 molar ratio (210 grams of napthalenes and
91 grams of decene dimers). 5.6 moles (440 grams) of benzene is added to
the feed to solubilize the naphthalene. At a reaction temperature of
20 250°C 90% of the decene dimer is used for the alkylation. Table V shows
the experimental conditions and the conversion of naphthalene as
determined by GC for three experiments A,B,C. Also shown in Table V are
the viscometrics of the recovered alkylated naphthalene. The conversion
of the naphthalene is affected by reaction temperature and is increased
25 as the reaction temperature is raised.
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Table V
Experiment A B C
Reaction Temp, °C 159 200 250
Pressure, kPa (psig) 2860(400) 2860(400) 2860(400)
5 LHSV 0.9 0.5 0.5
Naphthalene Conv., % 20.3 26.6 39.2
Viscometrics of Alkyl Naphthalene
KV, @40°C 44.77mm2/s
KV, €100°C 6.22m%/s
10 V1 79.5

In general, alkylaromatic lubricant basestocks are produced
from 1-olefins with aromatics. The prior art products, as shown
below in Table 3, have lower VI than the products of the present

invention.
15 Table VI
Basestock mm/5840°C /s 8100°C 21 Pour Pt.°C
ECA5381 14,35 2.94 20 < -50
ECA6482 96.68 8.00 8 -33
Alkyltoluene from
20 HVI-PAQ Dimer 29.94 5.30 110 -27

The products of the instant invention are useful as
lubricant basestock and as additives. The aromatic moiety
introducted into HVI-PAO increases thermal stability, increases
solubilizing power of the product and adds other properties useful

25 in additives such as antiwear properties and VI enhancement.
Therefore, as additives, their usefulness is compounded to
incorporate in a single additive product the capability to improve a
lube basestock thermal stability, VI, solvency and seal swelling
power as well as improving antiwear characteristics. They possess

30 the further advantage of great flexibility in the range of viscosity
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in which they can be prepared so that their additive properties can
be used in a viscosity compatible with the viscosity formulation of
the lube basestock. The lubricant compositions of the instant
invention can be useful as additives such as dispersants,

5 detergents, viscosity index improvers, extreme pressure/antiwear
additives, antioxidants, pour depressants, emulsifiers,
demulsifiers, corrosion inhibitors, antirust inhibitors,
antistaining additives, friction modifiers, and the like.

The process for the alkylation of phenols with HVI-PAO

10 dimer according to the present invention and the products produced
are believed to be novel and useful. It has been found that
alkylphenols can be prepared in near quantitative yields from phenol
or hindered phenols such as 2,6-ditertiarybutyl phenol by alkylation
with C,, HVI-PAO olefins by acid catalysis. The preferred acid

1S for the catalysis is trifluoromethanesulfonic acid. Amberlyst
XN-1010 (obtainable from Rohm and Haas), a strong acid
cation-exchange resin, or Lewis acids such as alumimm chloride also
work but give lower yields. These alkylphenols find use as
lubricant basestock and lubricant additives and precursors to more

20 highly functionalized lubricant additives.

Alkylated phenol derivatives of the present invention have
many beneficial uses such as lubricant additives both as-is and when
further functionalized. The functions of alkylphenols and their
further derivatized products include:

25 1. Antioxidant as neat phenols or when reacted with
1-naphthyl amine to give N-arylnaphthylamines.

2. Antiwear as phenol phosphates.

3. Detergent as phenol sulfides.

4. Antiwear, anticorrosion and antioxidant as metal

30 dialkyldithiophosphates.

5. Detergent and antioxidant as metal alkylsalicylates.

6. Detergent and dispersant as
alkylhydroxybenzylpoclyamines,
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In all cases additives used for these functions are either
an alkylphenol or are synthesized from an alkylphenol. Generally
the alkyl group of the phenol serves the important function of
increasing the oil solubility of the phenol or its derivative. Long

5 alkyl chains are in general preferable for good oil solubility,
Twenty carbon olefins produced from dimerization of l-decene are
highly reactive towards phenol(s) under conditions of acid catalysis
and can serve as good intermediates to numerous lubricant additives.

Typically in the prior art alkylphenols derived from

10 isobutylene oligamers are used as the precursors to the above
mentioned additives based upon alkylphenols. Although such
additives based upon isobutylene oligomers are relatively
inexpensive, in some applications they have stability problems. The
alkylphenol disclosed here can have similar performance features

15 without the instabilities associated with the isobutylene-derived
alkyl groups. In addition, these alkylphenols are of sufficiently
low viscosity to be effective as alkylaromatic-type basestocks for
lubricant product formulations.

The alkylphenols are prepared by mixing at 25°C equal molar

20 amounts of the phenol and olefin and then adding 1-2% by weight
trifluoromethanesulfonic acid with vigorous stirring. The acid is
removed by conventional means to give the alkylphenols in S0% yield
or greater. Other acid catalyst may be used such as strong acid
cation-exchange resins or strong Bronsted or Lewis acids, however,

25 trifluoromethanesulfonic acid gives the best results,

Example 17
Equal molar amounts of phenol and C,, HVI-PAO {imer

olefin of 1-decene prepared as described herein are mixed and then

30 1.4% by weight trifluoromethanesulfonic acid is added to the
vigorously stirred mixture. After lhr. the acid is removed by water
washing and the small amount of unreacted starting materials is
removed by distillation. The yield of para-substituted C20
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alkylphenols is 94%. The product mixture has a kinematic viscosity
of 10.36mm%/s at 100°C and a VI of 4.

Example 18
Equal molar amounts of 2,6-di-tert-butylphencl and C20

5 olefin of l-decene prepared as described herein are mixed and then
1.6% by weight trifluoromethanesulfonic acid is added to the
vigorously stirred mixture. After lhr. the acid is removed by water
washing and the small amount of unreacted starting materials is
removed by distillation. The yield of the C,o alkylphenol is

10 90%. The liquid product has a kinematic viscosity of 7.79mm2/s at
100°C and a VI of Sl.

Mono-alkylated hindered phenols can also be prepared by
alkylating a 2,6-ditertiarybutyl phenol with by-product 4imer
derived from the synthesis of HVI-PAO by oligomerization of 1-decene

15 over a chromium on silica catalyst. The alkylation is catalyzed by
a hydrogen Y zeolite bound with silica. Because of the
shape-selective nature of the zeolite, only a mono-alkylated product

is formed.
Example 19
20 The mono-alkylation process is carried out using a

fixed-bed reactor. The hydrogen Y zeolite is bound with 35 weight %
silica. The feed is comprised of 1:1 molar ratio (103 grams of 2,6
ditertiarybutyl phenol and 140 grams of l-decene dimers prepared as
described herein).

25 The reactor pressure is maintained at 1482 kPa (200 psig).
The liquid hourly space velocity is varied between 1.2 and 0.6. The
process was conducted using three reaction temperatures: 100, 157
and 222°C.

At the various reaction temperatures, the yields of

30 mono-alkylated phenol, according to gas chromatographic analysis

are, 4.4, 6.6 and 11.0 % respectively. These yields are on a
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"once-through'' basis and may be increased by recycle of the
reactants.
Table VII shows some of the characterization of the
mono-alkylated phenol with respect to elemental analysis and
5 molecular weight determinations, consistent with mono-alkylation of
phenol by dimer.

Table VII
Example 12 Hindered Phenol Characterization for Cs4Hs 20
Elemental Analysis -

10 Calculated Found
Carbon 83.95 84,09
Hydrogen 12.76 12.60
Oxygen 3.29 _2.76
100.0 99.45
15 Molecular Weight
Calculated Found
486 450

Any alkylatable phenol, including polynuclear phenols, may be
used in the present invention for alkylation with olefinic dimer of alpha
20 olefins described herein. Particularly useful phenols include phenol
itself, 2,6-dimethyl phenol, 2,6-ditertiarybutyl phenol, 2-chlorophenol,
4-chlorophenol, 2,6 and 2,4-dichlorophenol, 2 and 4-acetamidophenol, 2
and 4-carboalkoxy phenol, 2 and 4-nitrophenol and 2 and 4-methoxyphenol.
The use of the novel alkylated or functionalized compositions of
25 the present invention as lubrication fluids and additives in either a
mineral or synthetic lubricant is unique and provides unprecedented
performance henefit due to the inherent internal synergism. The process
of enhancement of lubricating
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combination of lubricant formmulations containing the above
compositions with any of the following supplemental additives:
10 dispersants, detergents, viscosity index improvers, extreme
pressure/antiwear additives, antioxidants, pour depressants,
emulsifiers, demulsifiers, corrosion inhibitors, antirust
inhibitors, antistaining additives, friction modifiers, and the like
are novel.
L5 Although the present invention has been described with
preferred embodiments and examples, it is to be understood that
modifications and variations may be resorted to without departing
Erom the spirit and scope of this invention, as those skilled in the
art will readily understand. Such modifications and variations are
20 considered to be within the purview and scope of the appended claims.
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CLAIMS:

1. An alkylaromatic hydrocarbon composition having the
structure

R R R
. e
R R R
R R R R
i:E:i:I:i:[:i:I:: and R
R R R
R: R
where at least one R group is the hydrocarbyl residue of the
5 polymerization of Cy-Cyg l-alkene, the residue having a branch
ratio less than 0.19, weight average molecular weight between 280
and 450,000, number average molecular weight between 280 and
180,000, molecular weight distribution between 1 and 5; and wherein
the remaining R groups are selected from hydrogen, CI-C20 cyclic
10 or acyclic alkyl and alkenyl, aryl, NHZ’ acylamido, halogen, acyl,
NOZ' YO and YS where Y is hydrogen, acyl, alkoxycarbonyl, phenyl
and Cl-C20 cyclic or acyclic alkyl and alkenyl.

2. The composition of claim 1 wherein at least one R group
comprises an alkyl group, the alkyl group comprising the hydrocarbyl
moiety of the olefinic dimer of Cg=Cy l-alkene.

3. The composition of claim 1 or 2 comprising the
hydrogenation product of the alkylaromatic hydrocarbon having a
bromine number between 0 and 12,

4. The composition of any one of the preceding claims
wherein the alkylaromatic has a viscosity index greater than 130 and
pour point below -15°C.

S. The composition of any one of the preceding claims

wherein the alkylaromatic has a viscosity at 100°C between mme /s
2
and 1000mm*/s.
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6, The composition of any one of the preceding claims
wherein the hydrocarbyl residue contains between 20 and 1300 carbon
atoms having a branch ratio less than 0.19.

7. The composition of any one of the preceding claims
wherein the hydrocarbyl residue has a molecular weight distribution
between 1.05 and 2.5.

8. The composition of any one of the preceding claims
wherein the alkylaromatic comprises alkylated anisole, alkylated
naphthalene, alkylated toluene or alkaylated pseudocumene.

9. An alkylated aromatic liquid lubricant composition
comprising the alkylation product of an aromatic compound and an
olefinic C07C1300 hydrocarbon having a branch ratio less than
0.19 and pour point below -15°C.

10. The composition of claim 9 wherein the aromatic
compound is selected from benzene, toluene, o,m,p-xylene,
hemimellitene, pseudocumene, ethylbenzene, n-propylbenzene, cumene,
n-butylbenzene, isobutylbenzene, sec-butylbenzene,

5 tert-butylbenzene, p-cymene, biphenyl, diphenylmethane,
triphenylmethane, 1,2-diphenylethane and similarly alkyl or aryl
substituted naphthalene and anthracene; also phenol, catechol,
anisole, chlorobenzene, diphenylcarbonate, aniline, acetanilide,
ethylbenzoate, thiophenol, alkylphenylsulfide, nitrobenzene,

10 diphenylether, diphenylsulfide, l-hydroxy and Z-hydroxy naphthalene
and similarly substituted anthracene.

11. The composition of claim S or 10 comprising the
hydrogenation product of the alkylated aromatic hydrocarben having a
bromine number between 0 and 12.

12. The composition of claim 9, 10 or 11 wherein the
alkylation product has a viscosity index greater than 130 and a pour
point below -15°C.

13. The composition of claim 9, 10, 11 or 12 wherein the
alkylation product has a viscosity at 100°C between mez/s and
500mm>/s.
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14, A process for the preparation of alkylaromatic
oligomers suitable as liquid lubricant basestock or additive
comprising:

contacting at least one alkylatable aromatic compound and

5 CZO-C1300 olefinic hydrocarbon oligomer having a branch ratio
less than 0.19 and pour point less than -15°C in an alkylation zone
with an acidic alkylation catalyst under alkylation conditions
whereby alkylated aromatic oligomer is produced having a visceosity
index greater than 130;

10 separating and recovering the alkylated aromatic oligomer.

15. The process of claim 14 wherein the alkylated aromatic
hydrocarbon comprises alkylaromatic lubricant basestock or additive
having improved thermal stability.

16. The process of claim 14 or 15 wherein the alkylating
conditions comprise a temperature between -30 and 350°C, and a
pressure between 700 and 7000 kPa.

17. The process of claim 14, 15 or 16 wherein the acidic
alkylation catalyst comprises a Lewis acid selected from BFS,
A1C1y, HC1, WF, HBr, H,S0,, HsPQ,, P,0¢, SO,

SnCl,, FeClS, ZnClZ, TiC14, SbCls, acidic zeolites

5 selected from H-ZSM-5, zeolite Y, and amorphous aluminosilicates and
organic acids selected from R-SO;H where R is a polymeric resin
comprising sulfonated polystyrene.

18. The process of claim 14, 15, 16 or 17 wherein the
Cy0-Cy300 olefinic hydrocarbon comprises the reaction product of
the oligomerization under oligomerization conditions of CZ-C20
l-alkene in contact with supported reduced metal oxide catalyst; the

5 metal oxide catalyst comprising a lower valence state form of at
least Group VIB metal.

19. The process of claim 14, 15, 16, 17 or 18 wherein the
supported reduced metal oxide catalyst comprises carbon monoxide
reduced chromium oxide on silica support.
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24. A method for improving the viscosity index and thermal
stability of lubricant basestock comprising mixing with the
lubricant basestock a VI and thermal stability enhancing amount of
the composition of claim 1.

25. The process of claim 21 wherein the aromatic compound
comprises phenol, anisol or naphthol.

26, The composition of claim 1 wherein the alkylaromatic
comprises alkylated benzene.

27. The composition of claim 2 wherein the dimer alkyl
group is contained in anisole, naphthalene, toluene, pseudocumene or
2,6-diterliarybutyl phenol.

28. The alkylated aromatic liquid lubricant composition of
claim 9 wherein the alkylation product comprises the product an
aromatic compound contacted with a mono-olefinic C12-C40
hydrocarbon.

29. The composition of claim 28 wherein the aromatic
compound selected from benzene, toluene, o,m,p-xylene,
hemimellitene, pseudocumene, ethylbenzene, n-propylbenzene, cumene,
n-butylbenzene, iscbutylbenzene,
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sec-butylbenzene, tert-butylbenzene, p-cymene, biphenyl,
diphenylmethane, triphenylmethane, 1,2-diphenylethane and similarly
alkyl or aryl substituted naphthalene and anthracene; also phenol,
2,6-ditertiarybutyl phenol, 2,6-dimethylphenol, catechol, anisole,

5 chlorobenzene, diphenylcarbonate, aniline, acetanilide,
ethylbenzoate, thiophenol, alkylphenylsulfide, nitrobenzene,
diphenylether, diphenylsulfide, l-hydroxy and 2-hydroxy naphthalene
and similarly substituted anthracene.

30. The composition of claim 28 or 29 comprising the
hydrogenation product of the alkylated aromatic hydrocarbon.

31. The lubricant composition of claim 28, 29 or 30 further
comprising lubricant additives selected from dispersants,
detergents, viscosity index improvers, extreme pressure/antiwear
additives, antioxidants, pour depressants, emulsifiers,

5 demulsifiers, corrosion inhibitors, antirust inhibitors,
antistaining additives, and friction modifiers.

32. A process for the preparation of alkylaromatic
compounds suitable as liquid lubricant basestock or additive
comprising:

contacting at least one alkylatable aromatic compound and

5 ClZ-C40 mono-olefin in an alkylation zone with acidic alkylation
catalyst under alkylation conditions, whereby alkylated aromatic
liquid hydrocarbon is produced having a viscosity of at least
mez/s and viscosity index greater than 50 measured at 100°C ,
wherein the olefin comprises a product or by-product of the

10 oligomerization of Cs-Cap 1-alkene under oligomerization
conditions in contact with a supported reduced metal oxide catalyst,
the metal oxide catalyst comprising a lower valence state form of at
least Group VIB metal; and

separating and recovering the alkylated aromatic liquid

15 hydrocarbon.

33. The process of claim 32 wherein the alkylating
conditions comprise temperature between -50 and 250°C, pressure
between 0.01 and 6895 kPa.
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alkylation catalyst comprises Lewis acid.
35. The process of claim 32, 33 or 34 wherein the Lewis
acid is selected from BFS, A1C13, HC1, HF, HBr, HZSO4,
HyPO,, P,0¢, SOy, SnCl,, FeCls, ZnCl,, TiCl,,
SbCle, trifluoromethanesulfonic acid, acidic zeolites comprising
5 H-ZM-5 and organic acids comprising R-S04H where R is a polymeric
resin comprising sulfonated polystyrene.
36. The process of claim 32, 33, 34 or 35 wherein the
supported reduced metal oxide catalyst comprises carbon monoxide
reduced chromium oxide on silica support.
37. The process of claim 32, 33, 34, 35 or 36 wherein the
oligomerization conditions comprise temperature between 90 and 250°C,
38. The process of claim 32, 33, 34, 35, 36 or 37 wherein
the aromatic compound comprises substituted or unsubstituted
benzene, naphthalene or anthracene,
39. The process of claim 32, 33, 34, 35, 36, 37 or 38
wherein the catalyst comprises acidic Y zeolite,
40, Alkylphenol compositions useful as lubricants or
additives comprising the alkylation product of at least one
alkylatable phenol compound and a mono-olefinic C1z'c4o
hydrocarbon in contact with an acidic alkylation catalyst, the
5 olefin comprising a product or by-product of the oligomerization of
C6-C20 l-alkene under oligomerization conditions in contact with
supported reduced metal oxide catalyst, the metal oxide catalyst
comprising a lower valence state form of at least Group VIB metal.
41. The compositions of claim 40 wherein the alkylatable
phenol is selected from phenol, 2,6-dimethyl phenol,
2,6-ditertiarybutyl phenol, 2-chlorophenol, 4-chlorophenol, 2,6 and
2,4-dichlorophenol, 2 and 4-acetamidophenol, 2 and 4-carboalkoxy
3 phenol, 2 and 4-nitrophenol and 2 and 4-methoxyphenol.
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42. Compounds having the formula C34H620, comprising
the alkylation product of Z,6-ditertiarybutyl phenol and C0
olefin in contact with acidic catalyst, the olefin comprising dimer
product or by-product of the oligomerization of l-decene under
oligomerization conditions in contact with supported reduced metal
oxide catalyst, the metal oxide catalyst comprising a lower valence
state form of at least Group VIB metal.



