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nmodi fier. 2. Descri Bg@@E et a

wel | - est abl i shed proc%L petrol eum
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ni ckel, platinum palladium rhodium iridium etc., on a crystalline
based porous support. See 9., U S Pat ent No. 5,573,657. Hydrogenation
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| ubricating oFiemo%ﬂvgg}mgat ural and synthetic origin. Generally,

hydr ogenat i on 0 reduce residual unsaturation in the
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stocks, the sa uration of |ube boiling range olefins is a najor objective.
One cl ass dtydrogenation/dehalogenation catalyst therefor, to the resulting polymer and to a

lubricant composition in which the substantially hydrogenated/dehalogenated

polyalphaolefin functions as a viscosity modifier.

2. Description of the Related Art
Hydrogenation is a well-established process for use in both the chemical

and petroleum refining industries. In general, hydrogenation has been carried out in the

presence of a hydrogenation catalyst containing a Group VIII metal, e.g., nickel, platinum,

palladium, rhodium, iridium, etc., on a crystalline based porous support. See, e.g., U.S.

Patent No. 5,573,657. : o
Hydrogenation is frequently used in petroleum refining to improve the "

qualities of lubricating oils, both of natural and synthetic origin. Generally,

hydrogenation is employed to reduce residual unsaturation in the lubricating oil, and to

remove heteroatom-containing impuﬁties and color bodies. The removal of impurities

and color bodies is of particular significance for mineral oils which have been subj ected

to hydrocracking or catalytic dewaxing. For both hydroprocessed mineral and synthetic

stocks, the saturation qf lube boiling range olefins is a major objective. One class of

synthetic hydrocarbon lubricants which have achieved importance in the lubricating oil
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synt heti c hydrocarbon | ubricants which have achieved i nportance in the

| ubricating oil *166166* WD 02/098928 PCT/ US02/ 17272 market are

pol yol efins. These materials are typically produced by the polynerization
of al pha-olefins.ranging froml -octene to |I-dodecene, a | ynmers
of Iower oV@MAYI%; ch as et hyl ene and propyl ene nmay al soi)%{éﬁg@@&%ncl udi ng
ethyl ene with higher olefins. 5 SUMVARY OF THE I NVENTION It is an object of
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and/ or dehal ogenat ed pol yal phaol efi n honopol yners, e.g., |-decene, or

copol ymér s, SEMBIARY, EN¥IONN 1- decene. 15 Additional objects of the
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invention include prgyidi Q?Je?t &%%@L&H@ﬂ{,ﬁ%fg{r] t9 q;%)vﬂg ﬁg{ypféo%gﬁ%t?é%hd/or
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PREFERRED HB@Ghofghfiic Tateriabbased supgorbol yal phaol ef i n pol yners obt ai ned from
the process of this .jnv | on, are subst anti al | aturated, i.e.. one
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| .e., one [HyafdpeRdtide afidopPiehaRigorition 6PalpRddlefing t@probide Shtitantially sutirard

fluorine etc., and can be obtai ned by contacting at | east one
pol yal phaolaéfifoﬁ dehalogenated polyalphaolefin homopolymers, e.g., 1-decene, or copolymers, e.g.,

HE

one derived from 1-decene.

15 Additional objects of the invention include providing a polyalphaolefin
homo- or copolymer possessing a combination of low iodine number (I;) and low halogen
content, the process comprising contacting at least one polyalphaolefin, e.g., one having
from 2 to about 20 carbon atoms, under hydrogenating and/or dehﬁlogenating conditions
with hydrogen and a substantially amorphous hydrogenation/dehaloggnaﬁon supported

20  catalyst comprising a metal component on an inorganic material based support.

DESCRIPTION OF THE PREFERRED EMBODIMENT )
The resulting polyalphaolefin polymers obtained from the process of this
invention are substantially saturated, i.e., one possessing a low iodine number, and/or
25  substantially dehalogenated, i.e., one possessing a low halogen content, e.g. bromine,

chlorine, fluorine etc., and can be obtained by contacting at least one polyalphaolefin



-2 WD 02/ 098928 PCT/ US02/ 17272 under hydrogenati ng and/ or dehal ogenati ng
conditions in the presence of hydrogen and a substantially anorphous
hydr ogenat i on/ dehal ogenati on supported catal yst containing at |east a
met al conpgnent on_an anor phous i norgani c material based e
cc-ol ef i ns ¥UP¥EBI2 for use in the preparation of the subi%oéfﬂz;gpS
hydrogenat ed and/ or dehal ogenat ed pol yal phaol efi n pol ymers obtai ned herein
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e.g., by polynerization either thernal lé'% or catalytically in the presence

of , for exapplefinsinclude etyleneapsppylens:|2-pethplpropene d-tartene; Tmethybl dbutepe, 1-
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preferably from about 20 to about 90, and nore preferably fromabout 30 to

_?_Eout 85, i hmt%;merweheetta_@ecsnzderwﬁée,cemé-wsmd&qHgfvélflln@wl aroBlalie | n(s) .
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catal yst are netal s of
preferred.

15 The polyalphaolefins for use herein are advantageously obtained
employing any conventional polymerization process known to one skilled in the art, e.g.,
by polymerization either thermally or catalytically in the presence of, for example, a di-
tertiary alkyl peroxide or a Friedel-Crafts catalyst. The preferred polyalphaolefin
homopolymer for use herein will contain up to about 100 weight percent 1-decene while

20 the preferred polymerized polyalphaolefin copolymer 6an contain up to lab’c;ut 95,
preferably from about 20 to about 90, and more preferably from about 30 to about 85,
weight percent 1-decene, the balance being other a-olefin(s).

The amorphous hydrogenation/dehalogenation supported catalyst for use

herein is formed from at least metal component on an amorphous inorganic material

25  based support. Suitable metals useful in forming the supported catalyst are metals of
Group VI of the Period Table of the Elements such as iron (Fe), cobalt (Co), nickel (Ni),



-G oup VIIl of the Period Table of the Elenents such as iron (Fe), cobalt
(Co), nickel (N), -3 WO 02/098928 PCT/ US02/ 17272 ruthenium (Ru), rhodium
(Rh), paIIadium(Pd) rhenium (Re), osmum (Gs), iridium(lr), platinum
(Pt), and the ‘P f‘ gand salts thereof and conbinations thergaiysegiasef erred
met al corrponen or use herein is palladium Suitable inorganic support
materials for formng the. supported catalyst 5 include anmorphous netal
.oxides such as, for exanple, alumna;, silica-alumna, titanium and the
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about 5 to about 30% should be from about to about 13011, and no nore

t han about mmwmll%ﬂlwe sumteflwaﬁﬂaa@hﬂnmsiqltlsrpadllm‘ﬁda@n, agehpser ticl e
distributio t i n
degree of p%r{ﬁ?%nﬁa VI ous @C%&%g?@ﬁfo@@so%%%l ?ﬁ?%’%? rg?ee

possi ble t henppomtednalalym dﬂthrbmmqnm shotildtlmve partiele size kiisaﬂaunnnwm same .
Ceneral lly, the, supported catalyst .can fqQqrnmed e conve

techni qubs S Bfrates Shagabost2 5D b 00 and NOme BEBReS Lo Dak ATtk abebe
prepar ed by fhre: rdr'%s}smlw@e%am /Eafﬁe?&umsg.%ﬁmgbaﬁzswmat' ng

t he support | Ses l1ng t e vol Gne of the support with a
sol uti on or atmgdéVsgreatethan alwoubk 70y, ﬁoomhwhéi\to aboutsi08seftha catilystshanldi n t he

formof red C|ble ounds t hy rr

conponent . %@?%?’9 ag%“ts@? O’??é’:t ﬂ%(g" ’c%‘?{na{é ‘%? it a‘%é%:"%séﬂ%g‘éﬁ:ﬁﬁ ses

spraying t habémtmlto ammqa@;ntanaﬂo&ﬁtﬁe SHaR RBét-10% 1hosld BE Mésk BnGB&WRI7TSRL S can be
15  Although the particle distribution has been described in its preferred form with a certain

degree of particularity, obviously minor changes and variations are possible therein and
will be apparent to those skilled ini the art. |
Generally, the supported catalyst can be formed employing conventional
techniques known in the art. For example, the supported catalyst can be prepared by dry
20  mixing the components or by immersini'g or impregnating the support which comprisés
filling the pore volume of the support with a solution or dispersion of the metal
component in elemental form or in the form of reducible compounds thereof to physically
carty the metal componént. Alternatively, a spray method can be utilized which
comprises spraying the metal component to the support. The supported catalysts can be
25  penetrated with hydrogen to reduce the metal component, or such reduction can be
achieved in the hydrogenation reactor. After the metal compound has been deposited on
the support, the supported catalyst can thereafter be dried and calcined. Each drying step

can be performed at temperatures of, for example, within the range of from about 100° to



.25 penetrated with hydrogen to reduce the netal conponent, or such
reduction can be achieved in the hydrogenation reactor. After the netal
conmpound has been deposited on the support, the supported catal yst can

thereafter be dried and cal cined. Each drying step can b 7?r%d at
terrperatur&owo,”sfzgr exanple, within the range of from ab%&?ﬁff%{ 0o -4 WO

02/ 098928 PCT/ US02/ 17272 about 300C for a time sufficient to renove
substantially all water (i.e., in the case of use of aqueous sol utions of.
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cat al yst weicghbe thaag as desgribed@b9¥Sgenat i on and/ or dehal ogenati on process of

the af orementioned peyy @{tgls;g@l.ig&%l{ﬂalﬁlﬁz{g@%% &fﬁ?ﬁ@%tﬁfcoﬂé%&gﬁﬂﬁ%eft he

catal yst herein can bé carr nown manner,
| i qui d phasdon ateut 0.0h taatsont bitwetght percat,prefgraplydinoms shoud 0.05 o abdhb 3 gvaedghor

suspensi on process, eithe nt.i nuously, sem -batch or in hatch. Cenerally,
these pPoceseedt a&ﬂ@%EPIFf%%)?bEPm °‘Etér15p’€r3§?‘ﬁfr2£wt”ﬂhtt%°q”& geedon the Wtal apout
50C to about,tg eightitdsier essures from about 50 psig to about 500 psig. The

time period for hydrogenation and/or dehal ogenation will depend upon the
t enper atures and pr es$he bydropmhtigreahdéon dehalegenativngréqessofthe aforamentionedabout

IR R T AR R R e A
t he absence aff kifowhV@Bdner, e.g., in the liquid phase, i.¢., in a solution or slurry process, or in a

15  gas or suspension process, either continuously, semi-batch or in batch. Generally, these
processes are carried out at temperatures in the range of from about 50°C to about 350°C,
and pressures from about 50 psig to about 500 psig. The time'period for hydrogenation
and/or dehalogenation will depend upon the temperatures and pressures employed and
can take from about 0.5 to about 12 hours.

20 Due to the nature of the ‘final polyalphaolefin, hydrogenation and/or
dehalogenation can be carried out in liquid polyalphaolefin and in the absence of solvent
or, if desired, in the presence of solvent. Dilution solvents that can be employed include
straight and branched chain hydrocarbons such as the butanes, the pentanes, the hexanes,
the heptanes, the octanes, and the like, cyclic and alicyclic hydrocarbons such as |

25 cyclopentane, cyclohexane, cycloheptane, methyl-cyclopentane, methylcyclohexane,
methylcycloheptane and the like, and alkyl-substituted aromatic compounds such as

toluene, xylene, and the like and mixtures thereof.



or, if desired, in the presence of solvent. Dilution solvents that can be
enpl oyed i nclude straight and branched chai n hydrocarbons such as the
but anes, the pentanes, the hexanes, the heptanes, the octanes, and the

i ke, cycli |.icyclic hydrocarbons such as 25 cycl op
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cycl ohexané€, ept ane, nethyl-cycl opentane, nethyl cycl ohexane,
nmet hyl cycl oheptane and the |ike, and al kyl -substituted aromati c conpounds
such as toluene, xylene, and the |ike and m xtures thereof. -5 WO
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about 200 ppm preferably fromabout 3 to about 100 ppm and nost, preferably
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required a r o) ] . MO o] 9
pr ef er abl yn?'rgfc%’%\g%ﬁ%a t&?‘%’ﬁ%‘@?t%ﬁ%@gﬂ% fgl&}%\k/t%ugbé; 'é%k%]hggﬁ%@?ep g?% Rei ght
of the |i quiaBoytliaeebot@00pem), pfirsblypiramabout 3tthebour 400 ppmtand havstprefesdbly r v .
The rate of hydrogenation_and/ or dehal ogenation is controlled by the
concentrati &anpbqugéto AuhPYBR™. hydrogen pressure, and pol yal phaol &fin. The
reactor tenperature '%’h‘é%&lgﬁlié @Qicaﬁyadae@ﬁﬁmeieqﬁﬁed ARGt el S frodh Gbout @Nd the
total pressure in the reactor 1s malintalned by ‘a

15 0.01 wt% to about 1 wi% and preferably from about 0.05 wt% to about 0.7 wt%, based on

the total weight of the liquid phase, to the liquid phase in the reactor to form a slurry. The
rate of hydrogenation and/or dehalogenation is controlled by the concentration of the
catalyst, hydrogen pressure, and polyalphaolefin. The reactor temperature is controlled
by means of cooling coils, etc., and the total pressure in the reactor is maintained by a
20 c6nstant flow of hydré)gen, inert gas, e.g., nitrogen, or a combination thereof_. After
hydrogenation and/or dehalogenation is complete, the reactor is depressurize;d. The
catalyst and polyalphaolefin can be separated from the shury employing conventional
techniques, e.g., filtration or settling. Once the catalyst is separated by conventional
techniques it can be recovered, recycled and/or reused. The resulting polyalphaoclefin can
25 then be further processed as desired.
The resulting polyalphaolefins possessing the advantageous properties can
be exploited in a variety of preducts such as, for example, products which require a

viscous oil or an inert material with fluid properties such as dispersants, heat transfer



20 constant flow of hydrogen, inert gas, e.g., nitrogen, or a conbination
thereof. After hydrogenation and/ or dehal ogenation is conplete, the
reactor is depressurized. The catalyst and pol yal phaol efin can be
separated from.the slurry enploying conventional technigq
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15  limited to, polyisobutylene, polybutenes, hydrogenated polydecenes, polypropylene

glycol, polyethylene glycol, trimethylpropane esters, neopentyl and pentaerythritol esters,
di(2-ethylhexyl) sebacate, di(2-ethythexyl) adipate, dibutyl phthalate, fluorocarbons,
silicate esters, silanes, esters of phosphorus-containing acids, liquid ureas, ferrocene
derivatives, hydrogenated synthetic oils, chain-type polyphenyls, siloxanes and silicones

20 (polys.ilox:anes), alkylsubstituted diphenyl ethers typified by a butyl-substituted bis(p-
phenoxy phenyl) ether, and phenoxy phenylethers.

The lubricating oil compositions herein can also contain one or more other
materials. For example, detergents, corrosion inhibitors, oxidative inhibitors, dispersants,
pour point dispersants, anti-foaming agents, anti-wear agents, other viscosity modifiers,

25 friction modifiers and the like at the usual levels in accordance w1th well known practice.
Other materials which can be employed herein include extreme pressure agents, low
temperature properties modifiers and the like can be used as exempliﬁc:‘,d respectively by

metallic penates or sulfonates, polymeric succinimides, non-metallic or metallic



di (2-ethyl hexyl) sebacate, di(2-ethyl hexyl) adipate, dibutyl phthalate,
fluorocarbons, silicate esters, silanes, esters of phosphorus-contai ning
acids, liquid ureas, ferrocene derivatives, hydrogenated synthetic oils,
chai n-type yl's, siloxanes and silicones 20 (pol ysij

al kyl substi“?ﬁ@éﬁ I phenyl ethers typified by a butyl -substb*:?fg?%?%%?s(p-
phenoxy phenyl) ether, and phenoxy phenyl ethers. The lubricating oil
conpositions herein can also contain one or nore other materials. For.
exanpl e, deprdspRAEYbithicAted M7itReNikte) bt the heablevel ifl@icbidanderitibwelkafown

di spersants, pour point dispersants, anti-foam ng agents, antj-wear
agents, ot hpractiges ddhesa mataxials o netgletract from ﬂxeivawe@ﬁgqefqo@pgmaﬁ@ ofifds| i ke at

the usual |evels in ' Eﬁﬁ;' . SRl al s
whi ch can ngvg%bqno%%?%ge:xgﬂgﬁiﬁ%%%g e?%rrt gﬂh‘grvggrs@ss rﬁerggegrtelﬁstqg,rm{pow fir

t enper at ur ecqhpyitions tswhich itfelyaresineorporated. | i ke can be used as exenplified
respectively by netalligc. penates or, .sulfonates, . po]yneric sucgipinjdes,
non-metatlic or netal Thfcf%ll?wmnezﬂ’@yﬁg&sxaﬂﬁﬁm é‘?’f 05%“ methiod of the
phosphor odi pkagiRentd the like, at the usual levels in accordance wth
wel | known “practice. These materials do not detract fromthe value of the

conmposi tions of this Tédeteminothe prapetiiss of the pelyolefing pbtained ithe examples t t hei r

custonmary p erti ta the rticu conpositions in which they are
i ncor por at e agﬁ‘h@e?@h“eﬂﬁﬂfa"ﬁf e_swe#ﬁ{eﬁg exanpl es are illustrative of the
met hod of the present invention. To determ ne the properties of the

pol yol efins obtained in the exanples below,_ the follqw ng procedures were
used. 180 Unsaturation Det enpatyationyelgrmin Y QEREYUMOEE anount of

unsaturation in the ' 3@‘? ra i f the

| odi ne Number (12 Nop?ll'%\#(g#?gm e negﬁg@?ﬁgo%\éﬁ%%egﬁlgﬁﬁb)gf I odi ne
that add tombtairerientsf the IakingiNembed{lNd pwhigh is ddfimed et nnmbenifigrans cfanpl e
by

iodine that add to 100 grams of sample. Only halogen that combines with a sample by
way of addition to double bonds is a true measurement of unsaturation. Substitution

15 reactions and, to a lesser extent, splitting-out reactions contribute to some error in the
determination. In this method, the slow rate of addition of iodine to double bonds is
catalyzed by Mercuric Acetate allowing the reaction to be completed in about one hour

... where the effects of the slower substitution and splitting-out reactions are minimized.
The metﬁod was adapted from Gallo et al., “Unsaturation in Isoprene-Isobutylene »

20 Copolymers”, hldﬁsﬁial and Engineering Chemistry, Vol. 40, (1948) pp. 1277-1280. An
Iodine Number of less than, for example, about iO, is considered substantially saturated.

Dehalogenation Determination by Halogen Content
The halogen content of the polyolefins was determined by two methods.

25 Samples of PAO were decomposed by combustion in an oxygen bomb
made by The Parr Instrument Corporation. The combustion products are absorbed by
aqueous solutions. The halogen content is then determined by using a previously

calibrated Specific Ion Electrode. .



way of addition to double bonds is a true neasurenent of unsaturation.
Substitution 15 reactions and, to a |l esser extent, splitting-out reactions
contribute to sone error in the determnation. In this method, the slow
rate of addgit] i odi ne to double bonds is catalyzed

Acet ate al Iq‘lo(é\ﬁ'zzdg”?&e reaction to be conpleted in about onp&ﬁ%‘gé ﬁq%ere t he
effects of the slower substitution and splitting-out reactlons are
mnimzed. The nethod was adapted fromGallo et al., "Unsaturation in

| soprene- | sobutyl ene ZDineRaehd FREod mbeﬂaﬁgw@d@sds@mmmmmuaﬁm stry,
Vol . 40, (1948) pp. 1277-1280. An | odi ne’ Number of |ess t han, for exanple,
about 10, i £ompasy MadetLabaX3009nK-ray Fiyorssoengeainsetromaterpilahibratiom iy esivere

Determ natlo pﬂ%ﬁ | ef i ns was
det erm ned 15) va\gbﬁfé’?%&%ssgﬂ%anp e@&jﬁ%@\%@%@ﬁ gg%%%seg%%%%%boﬁi;tlon in
an oxygen bonb made Byry titer Raeptable stathuded halogemdeteanimation Shoaldbendmitableon
products are absorbed by aqueous solutions. The -hal ogen content is then
det er m néd by using a previously calibrated Specific lon Electrode. -8 WO
02/ 098928 PCT/ US02/ 17272 In the secomkAmbipd, the analysis was done using
an Oxford Instrument Conpany Mddel [ab-X3000 X-ray Fl uorescence
Spectroneter. Cali br ati bgaltorHastsling Coautqslavp as ipaded Witk 1409 B611720 B¥) obf a

non-vol ati | o _hal j de ound . n_m Lher tabl e
met hod of h r‘gegg'ﬁr}t?é‘t°é’Pir}?‘}?5ﬁ? & i itsBE g dhd a vichin bl BPREE" gal | on
Hast el | oy Cpﬁh‘lt OfedéSsel ¥R s them wlhxﬂmggry(suammM)Gssf 1- decene
honmopol yner "havi ng an i odi ne nunber of 28 a_brom ne content,qf 480

ppm Thé0ve@y@ogm@owﬁdwlma@watmwho@%?é og sefliym sjliceplwmingieaviitalle 10
hydrogenat i qp dehal-Raenath Aha Salad! Yokt Me ¥l HadPurstivitd Wit Ai8gddHanat e

avail abl e

vented, once with hydrogen and vented, and then pressured to 200 psig of hydrogen.
After a successful pressure test the vessel was agitated and heated under hydrogen to
235°C for5.0 hours. The vessel was equipped with a dip tube containing a 0.5 micron
15  sintered metal filter. Sampling was completed hourly using the dip tube.
The final product possessed an iodine number of 3.1 and a bromine

content of 10 ppm.

EXAMPLE 2

20 A 1-gallon Hastelloy C autoclave was loaded with 1400 g (~1750 mls) of
1-decene homopolymer haviﬁg an iodine number of 37 and a bromine content of 671
ppm. The vessel was then charged with 2.472 g dry Stid-Chemie MGS5 '
hydrogenation/dehalogenation catalyst of 2% Pd on sodium silicoaluminate available
from Siild-Chemie AG and sealed. Next, the vessel was purged twice with nitrogen and

25  vented, once with hydrogen and vented, and then pressured to 200 psig of hydrogen.
After a successful pressure test the vessel was agitated and heated under hydrogen to

' 235°C for 5.0 hours. The vessel was equipped with a dip tube contaihing 2 0.5 micron

sintered metal filter. Sampling was completed hourly using the dip tube.



from Sild-Chem e AG and seal ed. Next, the vessel was purged twice with
nitrogen and vented, once with hydrogen and vented, and then pressured to
200 psig of hydrogen. After a successful pressure test the vessel vvas
agitated and h under hydrogen to 235C for5.0 hours was
equi pped &%??% tube containing a 0.5 mcron 15 sint eﬁ%lzﬁsrre/tia filter.
Sanpl i ng was corrpl eted hourly using the dip tube. The final product
possessed an iodine nunber of 3.1 and a bromine  content.of 10 ppm EXAMPLE

2 20 A 1-gal | on Hast efThefindt pRodubipoaseesedas iddard@shbed 612.0.400a Brofrdnb0 i s) of
1- decene honopol ymer havi ng an iodi ne nunber of 37 and a brom ne content of

671 ppm Teentedofd2pps then charged with 2.472 g dry Slid-Chenie MSS5
hydr ogenat i on/ dehal ogenati on catal yst of 2% Pd on sodi um silicoal unm nate
available from Stid-Chem e AG and seal ed. Next, the vessel was purged :
twice with nitrogen and 25 vented, OM hydrogen and vented, and then

pressured to 200 psig dr ogen. fter a ccess ressure test the
vessel was agit at ed ﬁ@p}‘f’gﬁ'{ g‘(’}ﬁﬂl@f ﬁweﬁ%‘i‘? WB“?%’@“FPJ?? %P\ The
vessel was giwHARed iVEkdngledi sk cepitiRis eRdhplé el . 4&2@@@&6@%&&1&' ntered netal

filter. Sanpling was co eted hourly using the dip tube. -9 WO 02/098928
PCT/ US02/ 17 detmlogehationicatalyspefciia £d op siicealwniatg gatplystiavailablmisem Jolnseno and a

or ocedur e astahers i pral ot ad el iobing e YA A TiRERe el 469, 50T,

this exanpl gpsed 2.472 g dry hydrogenation/ dehal ogenation catalyst of 2%
Pd on SI1(|) I coal um nate catal yst available from Johnson
EXAMPLE 4
Employing essentially the same procedure as in Example 1, and the same
materials as in Example 2, except this example used 2.472 g dry hydrogenation/
dehalogenation catalyst of 2% Pd on alumina catalyst available from Johnson Matthey.

15  The final product possessed an iodine number of 1.2 and a bromine content of 14 ppm.

EXAMPLE 5
A 1-gallon Hastelloy C autoclave was loaded with 1400 g (~1750 mls) of
1-decene homopolymer having an iodine number of 28 and a bromine content of 480
20 ppm. The vessel was then charged with 9.887 g dry Stid-Chemie MGS5 hydrogenation/
dehalogenatioﬁ catalyst of 2% Pd on sodium silicoaluminate available from Siid-Chemie
AG and sealed. This catalyst level \;vas four times the level of the catalyst of Example 1.
Next, the vessel was purged twice with nitrogen and vented, once with hydrogen and
vented, and then pressured to 200 psig of hydrogen. Afier a successful pressure test the
25  vessel was agitated and heated under hydrogen to 235°C for 5.0 hours. The vessel was
equipped with a dip tube containing a 0.5 micron sintered metal filter. Sampling was
completed hourly using the dip tube. After the last saxﬁple was taken, the vessel was’
cooled, vented of hydrogen, and purged with nitrogen. The remaining polyalphaolefinin

-10-



Matt hey. The final product possessed an iodine value of 0.6 and a brom ne
content of <2 ppm EXAMPLE 4 Enpl oying essentially the sanme procedure as in
Exanple 1, and the sane materials as in Exanple 2, except this exanple
used 2.472 dry hydrogenation/ dehal ogenati on catal yst 9

al um na cat‘g‘i’%{”%éai | abl e from Johnson Matthey. 15 The f?’%%ﬁ’%ﬁ%&@gt
possessed an iodi ne nunber of 1.2 and a brom ne content of 14 ppm EXAMPLE
5 A 1-gallon Hastell oy C autoclave was | oaded with, 1400 g (1750 m s) of

1- decene hoppnpkouiRe Wi YerGvedby appiye nitFiERR predure® puaKl i1 dasterid] 86t ¢rané ent of
480 20 ppm The vesseel \\ﬁ/asg‘t, her?lagﬂlgirﬁged W th‘39.887p3l dry Stid-Chem e MSS5

hydr ogenat i dip tubelasiddodlgetad in oflaskatriasmalk heak rempined inothe suigciane withiorigiapluni nat e

fimes the | E0RDSshoieed Rapdtpopd JHoRE R Biyorabi gl Bienofuln B3 DLl gea
twice with ahirgmk@&dugtembacb to@Adike WirloRalvf tiexeilyst iSm the binfeeed raetal t hen
pressured to 200 _psig of hydrogen. After a successful pressure test the 25

vessel whs HYET athedvessed wasBwged taerkevihpifregeyeandivsnisdmnce yathdiydrogepand  The

vessel was ' i 120035 AL Nndt o ducheBiehl flksBettFRRA oL
filter. Sanﬁ?@%&agglewgg%sﬁrggﬁzh uf% y gsi hg fr]%?a g?sbl teg%)e.ﬁA tgr t he | ast
sanpl e was wedselnwastdpitated asdheatedainderdhydrngen tocd358C fayfs. hyalhrs gBhis pewsesswasged
with nitrogen. The.r j Ni olyal phaolefin.in -1 2/ 098928

PCT/ US02) 15 SPEER 8 i dpin e THE eSS aneipaLy e Mateauainerisseet 1o
push the nakgrq Rldrélishatitins lah@ delfbldpendtiofs. ae resdlts 8Eesk tedts arelskedith bt ! |
heal remained in the autoclave with original catalyst charged. An

addi ti oh@l Tablelg of unhydrogenated 1-decene hornopol yner was charged back
through the dip to ensure renpval of the catalyst fromthe sintered nmetal 5
filter. The vessel was purged twice with nitrogen and vented, once with

hydr ogen and vented, and then pressurgxBLBE] 200 psi g of hydrogen. After a
successful pressuretest the

" Hydrogenation/ Final Bromine
Dehalogenation Final Jodine No. Content (ppm)#
1? 1.4 13
2° 1.6 <2
3¢ 0.6 4
4° 0.5 25
5¢ , 0.8 21

®This is the iodine number and bromine content after 2.0 hours.
YThis is the iodine number and bromine content after 3.0 hours.
15  °This is the iodine number and bromine content after 4.0 hours.

9This is the iodine number and bromine content after 5.0 hours

20

-11-



vessel was agitated and heated under hydrogen to 235C for 5.0 hours. This
process was repeated a total of four tines. The catalyst originally
ghﬁrlged at the beginning was used for 5 hydrogenations and

ehal ogena e results of these tests are set forth 10
Table I. &Q_ﬁ f—iggrogenatlon/ Fi nal 1 odi ne No. Fi nal Broml,i:;'vle)ugé‘%/f7972

Dehal ogenati onContent (ppm)# 1'1.413 21.6<2 30.64 40.525 5d0.821 'This is

t he i odi ne nunmber and bromi ne content .after 2.0 hours. DbThis is the iodine
nunber and brom ne content after 3. OEvamLEaS This is the iodine nunber
and bromine content after 4.0 hours.  dThis i.s the iodine.n n‘qe and
br onmi ne cont ent aﬁ”@@ﬂ’6548’%9?%‘3(12@&%TWtQE?IEQB@f@WW%g‘PH?@?Z EXAVPLE
6 Exanple 4 was repeated with the results being set forth belowin Table Il
TABLE |1 5 Hydrogenation/ Final |odi nEABEEdhLl Broni ne Dehal o enati onContent -

(ppm# 5

Hydrogenation/ Final Bromine
Dehalogenation Final Iodine # Content (ppm)#
1° 1.7 5
2° 1.2 14
3¢ 0.6 21
4¢ 0.6 21
5¢ 1.1 31

2This is the iodine number and bromine content after 2.0 hours.
YThis is the jodine number and bromine content after 3.0 hours.
“This is the iodine number and bromine content after 4.0 hours.

10  %This is the iodine number and bromine content after 5.0 hours

EXAMPLE 7
A 1-gallon Hastelloy C autoclave was loaded with 1400 g (~1750 mls) of
1-decene homopolymer having an iodine number of 28 and a bromine content of 430
15 ppm. The vessel was initially charged with 4.935 g dry Siid-Chemie MGS5
hydrogenation/dehalogenation catalyst of 2% Pd on sodium silicoaluminate available
- from Siid-Chemie AG and sealed. This catalyst level was twice the level of the catalyst
of Example 1. The vessel was purged twice with nitrogen and vented, once with hydrogen
and vented, and pressured to 200 psig of hydrogen. After a successfill pressure test the
20  vessel was agitated and heated under hydrogen to 235°C for 3.0 hours. The vessel was
equipped with a dip tube containing a 0.5 micron sintered metal filter. Sampling was
completed hourly using the dip tube. After the last sample was taken, the vessel was

cooled, vented of hydrogen, and purged with nitrogen. The remaining polyalphaolefin in

-12-



.1s1.75 21.214 3 0.621 40.621 51.131 'This is the iodine nunber and bron ne
content after 2.0 hours. bThis is the iodine nunber and brom ne cont ent
after 3.0 hours. cThis is the iodine nunmber and brom ne content after 4.0
hours. 10 s s the iodine nunber and brom ne content hour s
EXAMPLE 7 &10-@3@%59%0n Hastel l oy C autocl ave was | oaded w tﬁ%’%"&ﬁ&%uso

m s) of 1-decene honopol yner havi ng an iodi ne nunber of 28 and a brom ne
content of 480 15 ppm The vessel was initially charged with 4.935 g dry

Sl d- Chemi aMhmgclaybWisieRioedd m(pgfyh? 10665 préBure % Bhshthe Aiated &l oPthes0di um

| -

silicoalum nate avail able from Chem e AG and seal ed. This catal yst
| evel was tdip bibetahé colloetad ima flaske A small heal rempinedin ithyl autoclaveyath@rigiedl was

purged tw ce, w ni t.r oge v, ] d, and
Preasurcd (st oft AyltagHth Biruitiodthids T ASHImapREmEE R, 200
vessel was dgigeabsdk thiviigh dridisltoengere réiyainbofthe taaly@Honh tre stat@ellmetal. The

vessel was _equipped with a dip tube cagntai n&n a 0,5 'crﬁn sint.ered netal
W oA

filter. SSanfitarngingash subseayenihydrogeration theguinglavs &vag charg | ast

sanpl e was 4 ke : 90hRMb 16711286 g2y Byt @9aTTheARE PUr ged
with nitrogen ﬁ%éa@%?f\?ﬁgepo P in £y B g8 Tnehl

PCT/ US02/ 17865t Mibe sesselovanparged $wice vothattregen apd vented; onte wsh bwdrpgesandre t o

Posl + b oot s s o BBk AREEL Rk Baf gyt efe™
addi tional dQPwas Sfitatsdind hegedaideehdreenes 23370epd0oess. Whis prodess gas back

t hrough the dip to ensure renoval of the_ catal ¥lst fromthe sintered netal
10  repeated a total of four times. The catalyst originally charged at the beginning was used

for 5 hydrogenations and dehalogenations. The results of these tests are set forth below

in Table .
TABLE III
Catalyst Charged dry (g)
Hydrogenation/ I_*‘inal . Final Bromineb
Dehalogenation Fresh Recycled Total Iodine No. Content (ppm)
| 4935 0 4.935 13 6
2 1.236 4,935 6.171 2.0 9
3 1.236 6.171 7.407 22 6
4 1.236 7.407 8.643 2.6 12
5 1.236 8.643 9.879 2.4 7

15
*This is the iodine number after 5.0 hours.

YThis is the bromine content after 5.0 hours.

-13-



5 filter. In each subsequent hydrogenation the autoclave was charged with
an additional anmount of catalyst (0.5 tines that of Exanple 1) of 1.236 ¢
dry of the Sild-Cheme MSG. The vessel was purged twice with nitrogen and
vent ed, on ] ydrogen and vented, and then pressure ig of
hydr ogen. &Fqg/&s’gnguccessful pressure test the vessel m?dgg?%ggggfand
heat ed under hydrogen to 235C for 3.0 hours. This process was 10 repeated a
total of four times. The catalyst originally charged at the begi nning was
used for 5 hydrogenations and dehal gxeyvpip®s. The results of these tests
are set forth below in Table M TABLE TIT d i Catalyst Charged

dry. (g) Fi nal Fi nal Br oEmploying-gssentialiythgsame é@ﬁﬂhggazaswyfémpledd%the same

o0 T Al 8 00 B i 12

catalyst of 5% Pd on sodium silicoaluminate catalyst available form Siid-Chemie AG.

5  The final product possessed an iodine number of 8.0 and a bromine content of 52 ppm.
Although the invention has been described in its preferred form with a
certain degree of particularity, obviously many changes and variations are possible therein
and will be apparent to those skilled in the art after reading the foregoing description. It
is therefore to be understood that the present invention may be presented otherwise than

10  as specifically described herein without departing from the spirit and scope thereof.

-14-



"This is the iodine nunber after 5.0 hours. DbThis is the brom ne content
after 5.0 hours. WD 02/098928 PCT/ US02/ 17272 EXAMPLE 8 Enpl oyi ng
essentially the same procedures as in Exanple 1, and the same materials as
i n Exanpl e t this exanple used a hydrogenation/de 1}9@@ 2N

cat al yst of‘@&?@gﬁgn sodi um si l i coal um nate catal yst avai PZCL e ?@?jrz?
Slid-Cheme AG 5 The final product possessed an iodi ne nunber of 8.0 and a
brom ne content of 52 ppm Al though the invention has been described in
its preferr¢igAPIS\CMATIMED J$ertain degree of particularity, obviously many

changes and™Vvaritations are possible therein and will be apparent to those
skilled in the art afl.erA progefisifor tha bydrogengtiomapdiersiehplpgengtion pf o-ojedin to

therefore to be, understood.t hat t I ' ) d

ot her wi ot RETIAES EmaNEy ry O kr e ARy SRR B e IR,
the spirit gadoSeRpolyiies, 88 prod¥ss 0ANPRARL By deFenbififPdrti/ct Bhbifehatisty £LAl MED
IS: 1. A process for the hydrogenation and/or dehal ogenation of a-olefin to
provi de & smmmppumwe@qwbgéxmﬂcaaﬁm@ydswﬁwﬂMqr ylehrlogenatitthat ed

pol yal phaol efifn. honp- I JeSh{in ogenat i ng
and/ or deha%‘ﬁﬁtﬁ%ﬁiﬁg‘eﬁ&e@gﬁ%ﬁﬁlﬁgﬁ% po?%&é??%gﬁga-owgfl n u{r:é(er catal ytic
hydr ogenat i gibstin€ally ai@bhdwsdydrigemation/iehalbgénation ¢atalysieomprisispaenetdl hydr ogen
and a catal yti cal I( ef fective anou i’ of, a substantially anorphous

hydr ogenat i 69/PERIIFH %@h‘&ﬁg@ﬂmé‘éﬁte&ﬁ? psedSHPRATSi ng a netal conponent on an

i norganic material based support. 10 2. The process of Claim1 wherein the
a-olefin contains from2 to about 20 carbon atons. 3. The process of Claim
1 whereil@ the a-ol ef i 2. Khetpadaess ¢frClrina bovherein the o-elefintortaing frotmchtozabouts. 15

20 carbon atoms.

3. The process of Claim 1 wherein the a-olefin contains from about 6 to
about 12 carbon atoms.

15

4. The process of Claim 1 wherein the a-olefin is 1-decene.
5. The process of Claim 1 wherein the metal component of the catalyst is
one or more Group VIII metals of the Periodic Table selected from the group consisting

20 ofFe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, and salts thereof.

6. The process of Claim 1 wherein the inorganic support is a material

selected from the group consisting of silica, alumina and silica-alumina.

25 7. The process of Claim 1 wherein the amorphous

hydrogenation/dehalogenation catalyst is palladium on a silica-alumina support.

-15-



+4. The process of Caim1l wherein the a-olefin is 1-decene. 5. The process
of Claim1 wherein the netal conponent of the catalyst is one or nore
Goup VIIl nmetals of the Periodic Table selected fromthe group consisting
20 of Fe, OB .0obgoad?y, RN Pd, Gs, Ir, Pt, and salts therepéry§pa e Process
of Caiml wherern the inorganic support is a material selected fromthe
group consisting of silica, alumna and silica-alumna. 25 7. The process
of .0 aim1 wherein the anorphous hydrogenation/dehal ogenation catalyst is

pal  adi um on a si | i cg; ajufhaantaup B9drbgemid MOPAHIRRIAR dRETbLSRRA17272 8. A

substantially hydrogenated and/ or SubStantially dehal ogenate
pol yal phaoljsiyalphaolefin homoe apaipplyarer obtained & the polymerizationpof af Izast bohaof  at

| east one a-, olefin, the process conprising, hydrogenati and/ or

dehal ogenat?lFé“»tuFFEPrS‘ieéf @"HPP%W° thqg);lpﬁ/ fﬁ&&? %ﬁg‘g?ﬂ@“& der

dehal ogenat [%,1& j bﬁ%ﬁ‘% [ JRein iR &0 jcally
ef fective adr?n tq{g?}og su gtag%?g?ﬁla{/ armrgﬁg%dslﬁ%ﬁ;g?%géﬁdgtﬂ? ngf?lggl%gﬁtggnati ng
cat al yst5 coaxatalgtically effentive amountefiasnbstantially amophoumi ¢ nateri al based
support. 9., The pal aol ef.i n_of Lm. r el -0l ef | nt ai ns
frome " 10 WAREERERsRafusing e OuPdnd Bl EorhpbhehErulpoalid ™
wher ei n t hemfesrifllbasedsupgorsel ected from the group consisting of 1-octene,

1- decene, |-dodecene and conbinations thereof. 15 11. The pol yal phaol efin
of Claim8 wherein the netal component of the catalyst is one or nore

Goup VIII netals of gh elol | . f 1 : si sting
of Fo, o, N, Ru, R T bbbt bt €5htin heHciolh SR 2

pol yal ptraol tgfabsut@D cafbeh atosvher ei n t he i norgani ¢ support is a 20 materi al
sel ected fromthe group consisting of silica, alumna and silica-alumn na.

10. The polyalphaolefin of Claim 8 wherein the a-olefin is selected from

the group consisting of 1-octene, 1-decene, 1-dodecene and combinations thereof.

15 11. The polyalphaolefin of Claim 8 wherein the metal component of the
catalyst is one or more Group VIII metals of the Periodic Table selected from the group
consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, and salts thereof.

12. The polyalphaolefin of Claim 8 wherein the inorganic support is a

20 material selected from the group consisting of silica, alumina and silica-alumina.

13. The polyalphaolefin of Claim 8 wherein the amorphous
hydrogenation/dehalogenation catalyst is palladium on a silica-alumina support.

25 14. The polyalphaolefin of Claim 8 possessing an iodine number of from
about 0.5 to about 10.

-16-



*13.» The pol yal phaolefin of Caim8 wherein the anorphous

hydr ogenat i on/ dehal ogenation catal yst is palladiumon a silica-alum na
support. 25 14. The pol yal phaol efin of Caim8 possessing an iodi ne nunber
of from aﬁpu# 0(3 5 to about 10. -16 WD 02/ 098928 PCT/ US02/ 17272 15 The

pol yal phao Y88 aim 8 possessing a hal ogen content o E out 1 to
about 200 ppm 16. The pol yal phaol efin of C aim8 possessing an iodine
nunber of from 5 about 0.5 to about 10 and a hal ogen content of from about

1 to about 200 ppm 115 ﬁ’a)@l‘ bt € s%lﬁin o?Qﬁ
i odi ne nunber of from a?)i'gﬁth o‘g utiqiﬁBb’igjnd{)0 g]é‘g%' nt ent o%?ﬁ?r om
about 3 to abauifl td@boysBA0 ppd. 18. A lubricating oil conposition conprising a

| ubricating oil and a viscosity-nodifying anount of the polyal phaol efin of
Claim8. 19. A lubricating oil composition conprising a lubricating oil and.

a viscosity-nodifyings, am@blyafphidl@ﬁmcdahp@ﬁ@s@ﬁing aﬁﬁocﬁ:@hﬂﬂlﬂe@ otfor? A

lubricating oil conposition co |S|n a lubricating oil

vi scosi t §- maenut 0iig ahewQrand he phfEem abous 149 a@wmmm 17

17. The polyalphaolefin of Claim 13 possessing an iodine number of

from about 1 to about 8 and a halogen content of from about 3 to about 100 ppm.

10 18. A lubricating oil composition comprising a lubricating oil and a

viscosity-modifying amount of the polyalphaolefin of Claim 8.

19. A lubricating oil composition comprising a lubricating oil and a

viscosity-modifying amount of the polyalphaolefin of Claim lé

15 )
20. A lubricating oil composition comprising a lubricating oil and a

viscosity-modifying amount of the polyalphaolefin of Claim 17.
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